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Proposed Text Related to Synchronization Channel Section for the IEEE 802.16m Amendment
Sungho Moon, Seunghee Han, Jin Sam Kwak
LG Electronics
1. Introduction
This contribution includes the proposed text for the synchronization channel (SCH) sections in the IEEE 802.16m Amendment. The technical text is inherited from the 802.16m SRD [1], the IEEE 802.16m SDD [2], and the IEEE P802.16 Rev2/D7 [3]. Moreover, this contribution follows the tentative outline and style guide in the IEEE 802.16m Amendment [4]. In this contribution, amendment text including several illustrations is proposed for the section in which 16m members have enough consensus.
2. Overall Structure

· The proposed amendment text consists of 2 subsections and 4 sub-subsections under “Subsection 15.3.7.2.1 Synchronization Channel (SCH)” as follows:

· 15.3.7.2.1.1 Primary Synchronization Channel (P-SCH)
- 15.3.7.2.1.1.1 P-SCH Modulation Series
- 15.3.7.2.1.1.2 Transmission (Mapping) of P-SCH series
· 15.3.7.2.1.2 Secondary Synchronization Channel (S-SCH)
- 15.3.7.2.1.2.1 S-SCH Modulation Series
- 15.3.7.2.1.2.2 Transmission (Mapping) of S-SCH series
3. Key Modifications from the SDD
· All notations are inherited by the section “8.4.2 OFDMA symbol description, symbol parameters and transmitted signal” and “8.4.6.1.1 Preamble” in the IEEE P802.16 Rev2/D7 [3].

· The main concept and structure are captured from the sections from “11.7.2.1.2 Synchronization channel architecture” in the IEEE 802.16m SDD [2].
· The frequency domain structure of P-SCH is inherited by “11.7.2.1.2 Synchronization channel architecture” in the IEEE 802.16m SDD [2].
· We proposed the antenna mapping rule of P-SCH to satisfy the design requirement in the IEEE 802.16m SDD [2].
· We proposed a frequency domain structure of S-SCH to satisfy the design requirement in the IEEE 802.16m SDD [2].
· The detailed series for P-SCH and S-SCH are left as [TBD].
· The antenna mapping rule for S-SCH is FFS.
4. Proposed Descriptions

4.1. Index mapping of P-SCH

According to the SDD [2], a part of cell ID information and limited signalings are considered to be transmitted in P-SCH, and a complete cell ID should be transmitted in S-SCH.
When an MS detects one of P-SCH indices, it should obtain a part of a complete cell ID and limited signaling information. In the SDD, system bandwidth and carrier information is considered as a part of cell ID information, and BS type and sector information are discussed as limited signalings. Therefore, we propose an index equation, which maps sector information, BS type, system bandwidth, and carrier information into P-SCH index,
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(Eq. 1)

where 

· 
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 denotes the sector index with 0, 1, and 2.

· 
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 denotes the type of BSs with 0, 1, 2, and 3. The indices 0, 1, 2, and 3 are mapped to Macro, relay, femto BSs, and a reserved type of BS, respectively.

· 
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 denotes the bandwidth indication with 0, 1, and 2, and thus, the indices 0, 1, and 2 represent 512-FFT, 1024-FFT, and 2048-FFT, respectively. 

· 
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 represents the carrier type whether this carrier is a fully-configured carrier, i.e., 
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4.2. Antenna mapping of P-SCH

According to desirable design criteria discussed in SDD [2], we introduce an efficient transmit scheme for the synchronization channel in order to provide a channel estimation capability for each antenna as well as to provide transmit diversity. Figure 1 shows the suggested CDD (Cyclic Delay Diversity) structure in the synchronization channel with the predefined shifts corresponding to each antenna ports. In order to enable MSs to estimate MIMO channels, it is desirable to have a shifted offset between antennas larger than maximum delay spread of channel. It can be implemented by a phase rotation in frequency domain as well as a circular shift in time domain.
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Figure 1 Example of Tx operation for the synchronization channel
The proper circular shift value for the Advanced Air Interface System is 
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 is the number of transmission antennas, and the denominator 2 is come from the 2x repeated waveform in the time domain.
The detailed simulation results and comparisons were presented in the previous 16m meetings. The CDD transmission of SCH has better cell search performance than FSTD and shows good convergence times even in multi-cell scenarios [5].
4.3. Subcarrier sets of S-SCH

According to the current SDD, the S-SCH should be transmitted with frequency reuse 3 and it should support the RSSI measurement for the Advanced Air Interface system. Thus, S-SCH tones should be distributed to the entire system bandwidth as much as possible, and the evenly interlaced distribution of S-SCH tones can be the optimal frequency allocation in terms of the RSSI measurement. However, since the WirelessMAN-OFDMA preamble which has a 3x repetition allocation in the frequency domain can co-exist with AAIF SCH, this optimal frequency allocation couldn’t be used for S-SCH.
The frequency allocation of S-SCH should have the following features:
· Non-repeated allocation condition: S-SCH tones for each part of frequency reuse should be allocated with a non-repeated form, and in other words, they shouldn’t be evenly interlaced.
· Distributed allocation condition: S-SCH tones for each part of frequency reuse should be distributed to the entire system bandwidth for RSSI measurements.

· Fairness condition: Each part of frequency reuse should have the same condition in terms of the number of used subcarriers and the sum of distances of adjacent allocated subcarriers.

The simplest allocation to satisfy the above three conditions is as follows:
Modulated_Subcarrier_SetS-SCH (n) =
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(Eq. 3)
where Modulated_Subcarrier_SetS-SCH (n) specifies subcarriers for a part of frequency reuse indexed by 0, 1, and 2, and k is a running index of subcarriers. The proposed allocation guarantees that the sum of distances between adjacent subcarriers is the same for all parts of frequency reuse.
5. References
[1] IEEE 802.16m-07/002r4, “802.16m System Requirements.”
[2] IEEE 802.16m-08/003r6, “The Draft IEEE 802.16m System Description Document.”
[3] IEEE P802.16 Rev2/D7, “Draft IEEE Standard for Local and Metropolitan Area Networks: Air Interface 
for Broadband Wireless Access,” Oct. 2008.

[4] IEEE 802.16m-08/043, “Style guide for writing the IEEE 802.16m amendment.”
[5] IEEE 802.16m-08/1164r1, “MIMO Supports for IEEE 802.16m Synchronization Channel.”
6. Text proposal for the 802.16m amendment
============================== Start of Proposed Text =================================

[Adopt the following modifications:]

15.3.7 DL Control Structure
15.3.7.1 DL Control Information Classification
15.3.7.2 Transmission of DL Control Information

15.3.7.2.1 Synchronization Channel (SCH)
The synchronization channel (SCH) is a DL physical channel which provides a reference signal for time, frequency, and frame synchronization, RSSI estimation, channel estimation, and BS identification.

Two levels of synchronization hierarchy exist. These are called the primary synchronization channel (P-SCH) and secondary synchronization channel (S-SCH). 
The P-SCH transmits one of 72 unique identifications to support the acquisition of physical cell/sector identifications transmitted in S-SCH.

The S-SCH transmits one of [768] complete physical cell/sector identifications.
There are 4 OFDMA symbols located every 5 ms for P-/S-SCH in a single superframe as shown in Figure X-1. The P-SCH shall be located in the SFH with a span of one OFDM symbol. Three S-SCHs in a superframe shall be located every 5 ms after one P-SCH. Each S-SCH consists of one OFDM symbol. Each P-SCH and S-SCH symbol is located in the first DL subframe of the frame and occupies the [TBD]-th symbol position within a subframe.
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Figure X-1 Transmission of SCH symbols

15.3.7.2.1.1 Primary Synchronization Channel (P-SCH)

The P-SCH is used for initial acquisition, superframe synchronization, channel estimation, and sending additional information.
15.3.7.2.1.1.1 P-SCH Modulation Series
The length of each P-SCH series modulating the subcarriers is 216. The modulation used on the P-SCH is defined in 15.3.X.Y. [Note: The section 15.3.X.Y should include modulation and power boosting of P-SCH.] The P-SCH series depends on the sector information, BS type, system bandwidth, and carrier information.
The series (Wk) used for the P-SCH modulation is defined in Table X-1. Table X-1 includes a set of series in a hexadecimal format. The value of the P-SCH modulation series is obtained by converting the series (Wk) to a [binary | quadrature] sequence and mapping the converted sequence starting from the MSB of each symbol to the LSB. [For a binary example, 0 and 1 are mapped to +1 and -1, respectively. For Index = 0 and Segment = 0 in Table X-1, using Wk = 110000010010..., and the mapping shall follow: –1 –1 +1 +1 +1 +1 +1 –1 +1 +1 –1 +1 ....]
The equation (X-1) defines the mapping rule of the sector information, system bandwidth, and carrier information into P-SCH index, 
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where 
· 
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 denotes the sector index with 0, 1, and 2.
· 
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 denotes the type of BSs with 0, 1, 2, and 3. The indices 0, 1, 2, and 3 are mapped to Macro, relay, femto BSs, and a reserved type of BS, respectively.

· 
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 denotes the bandwidth indication with 0, 1, and 2, and thus, the indices 0, 1, and 2 represent 512-FFT, 1024-FFT, and 2048-FFT, respectively. 
· 
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 represents the carrier type whether this carrier is a fully-configured carrier, i.e., 
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[Note: The expression of P-SCH series can be either equations or tables.]

Table X-1 P-SCH modulation series [TBD]
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	Sequence to modulate (Wk)

	0
	[0xC6325F42597BD48A8914944C7DB973D83E64D4325F42597BD48A89]

	1
	…

	2
	…

	3
	…

	4
	…

	5
	…

	6
	…

	7
	…

	…
	...


15.3.7.2.1.1.2 Transmission (Mapping) of P-SCH series
Every other subcarriers in the P-SCH symbol are modulated using a boosted [BPSK | QPSK] modulation with a specific series defined in 15.3.7.2.1.1.1. The other subcarriers should be null. In other words, the P-SCH symbol in the time-domain has two repeated waveform. 

The modulated subcarriers by P-SCH series and null subcarriers are defined using Equations (X-2) and (X-3)
Modulated_SubcarrierP-SCH = 
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Null_SubcarrierP-SCH      = 
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where ModulatedSubcarrierP-SCH specifies all subcarriers allocated to the specific P-SCH series, and k is a running index with 0-215 for 512-FFT, 108-323 for 1024-FFT, and 324-539 for 2K-FFT. [Note: The DC subcarrier will be automatically zero based on the above equation.]

The defined series shall be mapped on to the specified subcarriers in ascending order. 

In the case where advanced air interface supports the WirelessMAN-OFDMA MSs, the P-SCH symbol with a different time domain waveform from the WirelessMAN-OFDMA preamble should be transmitted by offset of a fixed number of subframes, TOFFSET as shown in Figure X-2.
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Figure X-2 P-SCH transmission structure supporting the WirelessMAN-OFDMA
The P-SCH signal modulated by a defined series in the specified subcarriers is transmitted by antenna #0. The modified signal by being multiplying with a cyclic shifted sequence
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to all subcarriers k is transmitted from antennas #m, (m=0,1,…, 
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 samples, and the CP is regenerated from the last samples of the rotated symbol, where 
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 is the sampling frequency.
Equation (X-4) specifies the transmitted signal voltage to the antenna #m, as a function of time, during any OFDMA symbol.
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(X-4)
where 
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is the data to be transmitted on the subcarrier whose frequency offset index is k, during the subject OFDMA symbol.
15.3.7.2.1.2 Secondary Synchronization Channel (S-SCH)

The S-SCH is used for fine synchronization, RSSI measurement, and cell/sector identification (ID).
15.3.7.2.1.2.1 S-SCH Modulation Series
The length of each S-SCH series modulating the subcarriers is 144 for 512-FFT, 288 for 1024-FFT, and 576 for 2K-FFT. The modulation used on the S-SCH is defined in 15.3.X.Y. [Note: The section 15.3.X.Y should include modulation and power boosting of S-SCH.] 
In the case of 2048-FFT, the S-SCH series modulating the subcarriers is defined in Table X-2. Table X-2 includes a set of [binary | quadrature] series (Vk) used for the S-SCH in a hexadecimal format. The value of the S-SCH series is obtained by the same converting rule of P-SCH. 
For 1024-FFT size, the S-SCH series modulating the subcarriers is defined in Table X-3.

For 512-FFT size, the S-SCH series modulating the subcarriers is defined in Table X-4.

[Note: The expression of S-SCH series can be either equations or tables.]

Table X-2 S-SCH modulation series for 2048-FFT mode [TBD]
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	Sequence to modulate (Vk)

	0
	[0x7A8B131BD5D1270C30003DA472DD81D9A4349D6A23794005747
9D30BE19AD719F8F9B47CC1FB9C3811B349E9F793A14C8AE8425A6
218DFFDE03D8C717A346B4B1D3C02693330A9B4]

	1
	…

	2
	…

	3
	…

	4
	…

	5
	…

	6
	…

	7
	…

	8
	…

	…
	...

	
	


Table X-3 S-SCH modulation series for 1024-FFT mode [TBD]
	Index
	Sequence to modulate (Vk)

	0
	[0x5A2905A1CF5D06444C880ADC07EB3889E71CE33B89ABA4ED020
D558B833AF74072922164]

	1
	…

	2
	…

	3
	…

	4
	…

	5
	…

	6
	…

	7
	…

	8
	…

	…
	...

	
	


Table X-4 S-SCH modulation series for 512-FFT mode [TBD]
	Index
	Sequence to modulate (Vk)

	0
	[0xA74B60D84CCB156B1B8AE015B8CE980868EC]

	1
	…

	2
	…

	3
	…

	4
	…

	5
	…

	6
	…

	7
	…

	8
	…

	…
	...

	
	


15.3.7.2.1.2.2 Transmission (Mapping) of S-SCH series
For each FFT size, three different subcarrier sets are defined differing in the allocation of subcarriers. Those subcarriers are modulated using a boosted [BSPK | QPSK] modulation with a specific series defined in 15.3.7.2.1.2.1.
The S-SCH carrier-sets are defined using Equation (X-5).

Modulated_Subcarrier_SetS-SCH (n) =
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where Modulated_Subcarrier_SetS-SCH (n) specifies all subcarriers allocated to the specific S-SCH series, n is the designating number of the S-SCH subcarrier set indexed 0, 1, and 2, and k is a running index with 0-142 for 512-FFT, 0-286 for 1024-FFT, and 0-574 for 2K-FFT.

Each sector uses a P-SCH composed of a single subcarrier set in the following manner:

· Sector 0 uses S-SCH subcarrier set 0, i.e, Modulated_Subcarrier_SetS-SCH (0).
· Sector 1 uses S-SCH subcarrier set 1, i.e, Modulated_Subcarrier_SetS-SCH (1).
· Sector 2 uses S-SCH subcarrier set 2, i.e, Modulated_Subcarrier_SetS-SCH (2).
The defined series shall be mapped on to the specified subcarriers in ascending order.

[The DC carrier will not be modulated at all, and the appropriate modulation will be discarded. Therefore, the DC carrier shall always be zeroed.]
============================== End of Proposed Text =================================
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