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Introduction

This contribution provides amendment text for the UL Control Structure in the Advanced Air Interface to be included in Section 15 of the IEEE 802.16m Amendment Working Document ‎[1]. The text was developed by UL Control Drafting group as baseline text from the Draft IEEE 802.16m System Description Document (SDD) ‎[2]. 
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Proposed Amendment Text
The following text is proposed for inclusion in Section 15 of the IEEE 802.16m Amendment Working Document ‎[1]. 
[  ------------------- Recommended AWD Text Proposal #1 --------------------]
[DG Comment #1: Accept the recommended text proposal #1 on abbreviations] 

4. Abbreviations and acronyms

[Insert the following abbreviations:]
PFBCH
UL primary fast feedback channel
SFBCH
UL secondary fast feedback channel
FMT
 
UL feedback mini-tile

RFMT
 
Reordered UL feedback mini-tile

HMT

UL HARQ mini-tiles
RHMT
 
Reordered UL HARQ mini-tile
RCP 

ranging cyclic prefix

RP

ranging preamble
[  ------------------- Recommended AWD Text Proposal #2 --------------------]
[DG Comment #2: Accept the recommended text proposal #2 on PHY Structure for UL Control Support] 

[Editor’s note: The following section (15.3.6.3.4) is the proposed text to be included in UL PHY section which is related to UL Control related PHY Structure support] 
[Editor’s note: the following sections are to be inserted in AWD after section 15.3.8.3.3 Tile permutation]
15.3.8.3.4. Resource Allocation and Tile Permutation for Control Channels 
The distributed LRUs in each of uplink frequency partition may be further divided into data, bandwidth request and feedback channels. The feedback channels can be used for both HARQ ACK/NAK and fast feedback. The allocation order of data channels and UL control channels are TBD. 
15.3.8.3.4.1. Bandwidth Request Channels

The number of bandwidth request channels in frequency partition FPi, LBWR,FPi, is indicated by the (TBD)-bit field UL_BWREQ_SIZE in the S-SFH (TBD) in the unit of LRUs.
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Eqn. UL- 1
Bandwidth request channels are not necessarily present in all subframes and the allocation can differ from subframe to next. 

In MZone, the bandwidth request channels are of same size as LRUs, i.e. three 6-by-6 tiles. In LZone with PUSC, the bandwidth request channels consist of three 4-by-6 tiles. The bandwidth request channels use LRUs constructed from the tile permutation specified in Section 15.3.6.3.3.
15.3.8.3.4.2. Feedback Channels
Let UL_FEEDBACK_SIZE distributed LRUs in frequency partition FPi be reserved for feedback channels in the units of LRU. The number of feedback channels in frequency partition FPi, is LFB,FPi, and.
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Eqn. UL- 2
where

Nfb is 3 in MZone and 4 in LZone with PUSC.

The feedback channels are formed by 3 permuted 2-by-6 mini-tiles.  The mini-tile reordering process applied to each distributed LRU is described below and illustrated in Figure UL- 1.
1. The uplink tiles in the distributed LRUs reserved for feedback channels are divided into 2-by-6 feedback mini-tiles (FMTs). The FMTs so obtained are numbered from 0 to 
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2. A mini-tile reordering is applied to the available 2-by-6 FMTs as specified by 


Eqn. UL- 3 and Eqn. UL-4 to obtain the reordered FMTs (RFMTs).

3. Each group of three consecutive RFMTs forms a feedback channel.

The closed form expressions for the FMT reordering function used in step 2 above are as 

Eqn. UL- 3 in MZone and Eqn. UL- 4 in the LZone with PUSC:
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Eqn. UL- 3
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Eqn. UL- 4
Where



[image: image6.wmf])

,

(

n

s

MiniTile

 is the n-th mini-tile of the s-th feedback channel.


n is the mini-tile index in a feedback channel. n can take a value 0, 1 or 2.


s is the feedback channel index.  s can take an integer value in the range 0 to LFB,FPi-1.

15.3.8.3.4.2.1. HARQ Feedback Channels
Each feedback channel constructed according to Section ‎15.3.8.3.4.2 can be used to transmit six HARQ feedback channels. The number of HARQ feedback channels is denoted by LHFB,FPi.
A HARQ feedback channel is formed by three reordered 2-by-2 HARQ mini-tiles (RHMT). The HMTs reordering process and the construction of HARQ feedback channel are described below and illustrated in Figure UL-1.

1. Each 2x6 RFMT is divided into three consequitivly indexed 2-by-2 HMTs. The HMTs so obtained are numbered from 0 to 
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2. A HMT reordering is applied to the HMTs as specified by Eqn. UL-5 to obtain the reorderd HMTs (RHMTs).
3. Each group of three consecutive RHMTs forms a HARQ feedback channel.
The closed form expression for the HMT reordering function used in step 2 above is as  Eqn. UL- 5.
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 Eqn. UL- 5
where
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is the m-th HMT of the k-th HARQ feedback channel.


m is the HMT index in a HARQ feedback channel. m can take a value 0, 1 or 2.


k is the HARQ feedback channel index. k can take an integer value in the range 0 to LHFB,FPi -1.
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Figure UL- 1, an example of UL resource allocation for UL control channels. The displayed order of data channels and control channels is for illustrative purpose only.
15.3.8.3.4.2.2. Fast Feedback Channels

A fast feedback channel consists of one feedback channel.
[  ------------------- Recommended AWD Text Proposal #3 --------------------]
[DG Comment #3: Accept the recommended text proposal #3 on Physical UL Control Channel (FFB, HARQ, Sounding)] 

15.3.9. Uplink Control Channel
15.3.9.1. Physical Uplink Control Channel 
15.3.9.1.1. Fast Feedback Control Channel

The DRUs are permuted by UL tile permutation as described in Section 15.3.5.4 to form distributed LRUs for for both data and control resource/channel. A UL feedback mini-tile (FMT) is defined as 2 contiguous subcarriers by 6 OFDM symbols. The UL feedback control channels are formed by applying the UL mini-tile permutation to the LRUs allocated to the control resource. The fast feedback channels are comprised of 3 RFMTs. The details of feedback mini-tile permutation and the subchannelization of Fast feedback are described in section ‎15.3.8.3.4.2.
15.3.9.1.1.1. Primary Fast Feedback Control Channel

The primary fast feedback channel is comprised of 3 RFMTs. The construction process of primary fast feedback channels is described in section ‎15.3.8.3.4.2. 

15.3.9.1.1.2. Secondary Fast Feedback Control Channel

The secondary fast feedback channel has the same physical control channel structure as the primary fast feedback channel. The secondary fast feedback channels are comprised of 3 RFMTs. The construction process of secondary fast feedback is described in section ‎15.3.8.3.4.2. 

15.3.9.1.2. HARQ Feedback Control Channel
Each UL HARQ feedback resource consists of three distributed UL reordered feedback mini-tiles (RFMTs), where the UL FMT is defined as 2 contiguous subcarriers by 6 OFDM symbols. The procedures for allocation of resources for transmission of UL control information and the formation of control channels for such transmission are described in section ‎15.3.8.3.4.2. A total resource of three distributed 2x6 RFMTs supports 6 UL HARQ feedback channels. The 2x6 RFMTs are further divided into UL HARQ mini-tiles (HMT). A UL HARQ mini-tile has a structure of 2 subcarriers by 2 OFDM symbols.
15.3.9.1.3. Sounding Channel 

Uplink channel sounding provides the means for the ABS to determine UL channel response for the purpose of UL closed-loop MIMO transmission and UL scheduling. In TDD systems, the ABS can also use the estimated UL channel response to perform DL closed-loop transmission to improve system throughput, coverage and link reliability. In this case ABS can translate the measured UL channel response to an estimated DL channel response when the transmitter and receiver hardware of ABS and AMS are appropriately calibrated.
15.3.9.1.3.1. Sounding PHY structure

The sounding signal occupies a single OFDMA symbol in the UL sub-frame. The sounding symbol in the UL sub-frame is located in the [last] [first] symbol. Each UL sub-frame can contain only one sounding symbol. Multiple UL subframes in a 5-ms radio frame can be used for sounding. The number of subcarriers for the sounding in a PRU is 18 adjacent subcarriers. 

[  ------------------- Recommended AWD Text Proposal #4 --------------------]
[DG Comment #4: Accept the recommended text proposal #4 on Physical UL Control Channel (Ranging, BW REQ)] 

15.3.9.1.4. Ranging Channel 
The UL ranging channel is used for UL synchronization. The UL ranging channel can be further classified into ranging channel for non-synchronized mobile stations and synchronized mobiles stations. The ranging channel for synchronized AMSs is used for periodic ranging. The ranging channel for non-synchronized AMSs is used for initial access and handover. 
15.3.9.1.4.1. Ranging Channel Structure for Non-synchronized AMSs

The ranging channel for non-synchronized AMSs is used for initial network entry and association and for ranging against a target BS during handover.

A physical ranging channel for non-synchronized AMSs consists of the ranging preamble (RP) with length of TRP depending on the ranging subcarrier spacing ∆fRP, and the ranging cyclic prefix (RCP) with length of TRCP in the time domain. 

A ranging channel occupies a localized bandwidth corresponding to the [1 or 2] subbands.
Power control operation described in subclause [TBD] applies to ranging signal transmission.
Figure UL- 2 illustrates the ranging channel structures in the time domain.
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(a) Structure 1
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(c) Structure 3

Figure UL- 2, The ranging channel structures in the time domain.

Table UL- 1 shows [4] ranging channel formats and parameters.
Table UL- 1, Ranging Channel Formats and Parameters.

	Format No.
	Ranging Channel Format
	TRCP
	TRP
	∆fRP

	0
	Structure 1
	
	
	

	1
	Structure 2
	
	
	

	2
	Structure 3
	
	
	

	…
	…
	
	
	


In the ranging channel Format 0, the repeated RCPs and RPs are used as a single time ranging opportunity within a subframe in Figure UL- 2. Format 1 consists of a single RCP and repeated RPs within a subframe. Format 2 consists of a single RCP and RP.
For the ranging opportunity of the non-synchronized AMS, each AMS randomly chooses one of ranging preamble sequences from the available ranging sequence set in a cell defined in TBD Ranging preamble codes. 
15.3.9.1.4.2. Ranging Channel for Synchronized AMSs

The ranging channel for synchronized AMSs is used for periodic ranging. The transmission of ranging channel for synchronized AMSs shall be sent only by the AMSs that have already synchronized to the system.
Power control operation described in subclause [TBD] applies to ranging signal transmission.
15.3.9.1.5. Bandwidth request Channel
In the LZone with PUSC, a BW REQ tile is defined as 4 contiguous subcarriers by 6 OFDM symbols. The number of BW REQ tiles per BW REQ channel is 3 and each BW REQ tile carries preamble only. 
In the MZone, a BW REQ tile is defined as 6 contiguous subcarriers by 6 OFDM symbols. Each BW REQ channel consists of 3 distributed BW REQ tiles. Each BW REQ tile carries a BW REQ access sequence and the BW REQ message. 
[  ------------------- Recommended AWD Text Proposal #5 --------------------]
[DG Comment #5: Accept the recommended text proposal #5 on UL Control Channel (PFBCH)] 

15.3.9.2. Uplink Control Channels Physical Resource Mapping

15.3.9.2.1. Fast Feedback Control Channel

There are two types of UL fast feedback control channels: primary fast feedback channel (PFBCH) and secondary fast feedback channels (SFBCH).  

15.3.9.2.1.1. Primary Fast Feedback Control Channel

The primary fast feedback channels are comprised of 3 distributed FMTs. Figure UL-3 illustrates the mapping of the PFBCH.

[image: image15.wmf]time

f

r

e

q

u

e

n

c

y

…

.

.

.

C

2

,

0

C

2

,

2

C

2

,

4

C

2

,

6

C

2

,

8

C

2

,

10

C

2

,

1

C

2

,

3

C

2

,

5

C

2

,

7

C

2

,

9

C

2

,

11

C

0

,

0

C

0

,

2

C

0

,

4

C

0

,

6

C

0

,

8

C

0

,

10

C

0

,

1

C

0

,

3

C

0

,

5

C

0

,

7

C

0

,

9

C

0

,

11

C

1

,

0

C

1

,

2

C

1

,

4

C

1

,

6

C

1

,

8

C

1

,

10

C

1

,

1

C

1

,

3

C

1

,

5

C

1

,

7

C

1

,

9

C

1

,

11

…

.

.

.


Figure UL- 3, PFBCH comprised of three distributed 2x6 UL FMTs.

[image: image16.emf]Sequence 

Generation 

Modulation 

(and 

repetition)

Symbol sequence 

to subcarrier 

mapping

Primary fast 

feedback 

payload

Primary fast 

feedback channel 

symbol s[k]


Figure UL- 4, Mapping of information in the PFBCH.
The process of composing the PFBCH is illustrated in Figure UL- 4. The l PFBCH payload bits are used to generate PFBCH sequence according to Table UL- 2. The resulting bit sequence is modulated [, repeated] and mapped to uplink PFBCH symbol s[k]. The mapping of primary fast feedback channel symbol s[k] to the UL FMTs is given by Eqn. UL- 6. This set of sequence can carrier up to 6 information bits. 
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Table UL- 2, Sequences for PFBCH.

	Index
	Sequence
	Index
	Sequence

	0
	
	32
	

	1
	
	33
	

	2
	
	34
	

	…
	…
	…
	…

	30
	
	62
	

	31
	
	63
	


[  ------------------- Recommended AWD Text Proposal #6 --------------------]
[DG Comment #6: Accept the recommended text proposal #6 on UL Control Channel (SFBCH)] 

15.3.9.2.1.2. Secondary Fast Feedback Control Channel

The SFBCH is comprised of 3 distributed FMTs with [2] [4] pilots allocated in each FMT. Pilot sequence is TBD.
The SFBCH symbol generation procedure is shown in Figure UL- 5. First, the SFBCH payload information bits 
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using the linear block codes described in Section ‎15.3.9.2.1.2.1.
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are split into 2 parts: Part A consisting of 
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. Part A is encoded to 
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using QPSK. The value of N is TBD.  The modulated symbols 
[image: image36.wmf]1

2

2

1

0

-

N

c

c

c

c

L

 and pilot sequence (TBD) are combined to form sequence 
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 and then mapped to the data subcarriers of the SFBCH FMTs as shown in Figure UL- 6.
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Figure UL- 5, Mapping of information in the SFBCH.
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Figure UL- 6, SFBCH comprising of three distributed 2x6 UL FMTs.
15.3.9.2.1.2.1. Channel coding for Secondary Fast Feedback Control Channel
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Table UL- 3, Basis sequences.
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[  ------------------- Recommended AWD Text Proposal #7 --------------------]
[DG Comment #7: Accept the recommended text proposal #7 on UL Control Channel (HARQ)] 

15.3.9.2.2. HARQ Feedback Control Channel
The HARQ feedback control channel resource of 3 distributed FMTs shall be further divided into 9 HARQ mini-tiles (HMTs), each having a structure of 2 subcarrier ×2 OFDM symbols. Each pair of HARQ feedback channels are allocated 3 HMTs, identified by similar patterns in the structure shown in Figure UL- 7. The orthogonal sequence (Ci,0, C i,1, C i,2, C i,3, where i=0,1 and 2) as shown in Table UL- 4 is mapped to each HMT to form HARQ feedback channels, where and i denotes HMT index. Each group of 3 RFMTs can therefore support 6 HARQ feedback channels.  
When each channel carries one bit of HARQ feedback, two sequences are used to signal each ACK or NACK feedback. In one unit, four sequences are used for two HARQ channels, 1st and 2nd HARQ feedback channel. The support and details of two bit HARQ feedback scenatios are TBD. The sequence and mapping of the HARQ feedback are show in Table UL- 4.
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Figure UL- 7, 2x2 HMT structure.
Table UL- 4, Orthogonal sequences for UL HARQ Feedback Channel.
	Sequence index
	Orthogonal sequence 
	1-bit Feedabck

	0
	[+1  +1  +1 +1] +1]
	Even numbered channel ACK

	1
	[+1  -1  +1  -1]
	Even numbered channel NACK

	2
	[+1  +1  -1  -1]
	Odd numbered channel ACK

	3
	[+1  -1  -1  +1]
	Odd numbered channel NACK


[  ------------------- Recommended AWD Text Proposal #8 --------------------]
[DG Comment #8: Accept the recommended text proposal #8 on UL Control Channel (Sounding)] 

15.3.9.2.3. Sounding Channel 

15.3.9.2.3.1. Sounding sequence 

15.3.9.2.3.2. Multiplexing for multi-antenna and multi-AMS

The uplink sounding channels of multiple AMS and multiple antennas per AMS can be multiplexed through [Option 1: decimation separation or cyclic shift separation][Option2: decimation separation] in each sounding allocation. Also, in case of multiple UL subframes for sounding, time division separation can be applied by assigning different AMS to different UL subframe. For cyclic shift separation each AMS occupies all subcarriers within sounding allocation and uses the different sounding waveform [Editor's note: remove this sentence if Option 2 will be adopted]. For frequency decimation separation each AMS uses decimated subcarrier subset from the sounding allocation set with different frequency offset.
[  ------------------- Recommended AWD Text Proposal #9 --------------------]
[DG Comment #9: Accept the recommended text proposal #9 on UL Control Channel (Ranging)] 

15.3.9.2.4. Ranging Channel 

15.3.9.2.4.1. Ranging Channel for Non-synchronized AMSs

15.3.9.2.4.1.1. Ranging Preamble Codes
The ranging preamble codes are classified into initial ranging and handover ranging preamble codes. The initial ranging preamble codes shall be used for initial network entry and association. Handover ranging preamble codes shall be used for ranging against a target ABS during handover. For a ranging code opportunity, each AMS randomly chooses one of the ranging preamble codes from the available ranging preamble codes set in a cell.
[The Zadoff-Chu sequences with cyclic shifts are used for the ranging preamble codes.]
15.3.9.2.4.1.2. Ranging channel configurations
[Note: Based on the decision of the ranging channel structures, this subclause describes the ranging opportunities and/or corresponding control signaling.]
15.3.9.2.4.1.3. Ranging signal transmission

Eqn. UL- 7 specifies the transmitted signal voltage to the antenna, as a function of time, during ranging channel format.
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Eqn. UL- 7
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15.3.9.2.4.2. Ranging Channel for Synchronized AMS
15.3.9.2.4.2.1. Ranging Codes

15.3.9.2.4.2.2. Ranging channel configurations
[  ------------------- Recommended AWD Text Proposal #10 --------------------]
[DG Comment #10: Accept the recommended text proposal #10 on UL Control Channel (BW REQ)] 

15.3.9.2.5. Bandwidth request Channel

Contention based random access is used to transmit bandwidth request information on this control channel.The bandwidth request (BW REQ) channel contains resources for the AMS to send a BW REQ access sequence and an optional quick access message. Prioritized bandwidth requests are supported on this channel. The mechanism for such prioritization is TBD.

The random access based bandwidth request procedure is described in Figure UL- 8. A 5-step regular procedure (step 1 to 5) or an optional 3-step quick access procedure (step 1, 4 and 5) may be supported concurrently. Step 2 and 3 are used only in 5-step regular procedure. In step 1, AMS sends a bandwidth request indicator and a message for quick access. The 5-step regular procedure is used independently or as a fallback mode for the 3-step bandwidth request quick access procedure. The AMS may piggyback additional BW REQ information along with user data during uplink transmission (step 5).  Following Step 1 and Step 3, ABS may acknowledge the reception of bandwidth request. If AMS does not receive any acknowledgement or UL grant, it waits until the expiration of a pre-defined period and restarts the bandwidth request. The pre-defined period may be differentiated by factors such as QoS parameters (e.g. scheduling type, priority, etc). In case BW is granted immediately, there is no need for ABS to send explicit ACK. 
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Figure UL- 8, Bandwidth Request Procedure.
As shown in Figure UL- 9, in the LZone with PUSC, one BW REQ tile consists of 4 contiguous subcarriers by 6 OFDM symbols. The total 72 subcarriers of one LZone BRCH are indexed firstly in frequency, secondly in OFDM symbol and lastly in tile as in Figure UL- 9. 
In the MZone, the total 108 subcarriers of one MZone BW REQ channel are indexed one tile at a time, firstly in frequency, then in OFDMA symbol as in Figure UL- 10.
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Figure UL- 9, 4x6 BW REQ tile structure.
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Figure UL- 10, 6x6 BW REQ Tile Structure in the Advance Air Interface.
[  ------------------- Recommended AWD Text Proposal #11 --------------------]
[DG Comment #11: Accept the recommended text proposal #11 on UL Control Information Content (PFBCH)] 

15.3.9.3. Uplink Control Information Content

The UL control channels carry multiple types of control information to support air interface procedures. Information carried in the control channels is classified into the following categories: (1) Channel quality feedback, (2) MIMO feedback, (3) HARQ feedback (ACK/NACK), (4) Uplink synchronization signals, (5) Bandwidth requests and (6) E-MBS feedback. 
15.3.9.3.1. Fast Feedback Control Channel
The UL fast feedback channel shall carry channel quality feedback and MIMO feedback. There are two types of UL fast feedback control channels: primary fast feedback channel (PFBCH) and secondary fast feedback channels (SFBCH). The UL fast feedback channel starts at a pre-determined location, with the size defined in a DL broadcast control message. Fast feedback allocations to an AMS can be periodic and the allocations are configurable. 
15.3.9.3.1.1. Primary Fast Feedback Control Channel
The UL PFBCH carries 4 to 6 bits of information, providing wideband channel quality feedback and MIMO feedback. 
[  ------------------- Recommended AWD Text Proposal #12 --------------------]
[DG Comment #12: Accept the recommended text proposal #12 on UL Control Information Content (SFBCH)] 

15.3.9.3.1.2. Secondary Fast Feedback Control Channel

The UL SFBCH carries narrowband CQI and MIMO feedback information. The number of information bits carried in the SFBCH ranges from 7 to 24. The number of bits carries in the fast feedback channel can be adaptive. 
[  ------------------- Recommended AWD Text Proposal #13 --------------------]
[DG Comment #13: Accept the recommended text proposal #13 on UL Control Information Content (HARQ Feedback & BW REQ)] 

15.3.9.3.2. HARQ Feedback Control Channel

15.3.9.3.3. Bandwidth request Channel
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