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1. Introduction
This contribution proposes a UL data regions and sub-carrier mapping scheme for OFDMA multi-carrier operation in IEEE 802.16m. One mapping scheme is captured in the current SDD [1]. The existing scheme is applied to both UL and DL.   

MCS (Modulation and Coding Scheme) allows AMS (Advanced Mobile Station) to match modulation scheme and coding rate to the time-varying channel conditions. This leads to optimize the overall network resources and enhance system throughput. To maximize the efficiency of MCS, a careful design should be considered for UL data region mapping scheme. The existing mapping scheme might not guarantee most feasible MCS level for each AMS since the allocated data region for each carrier can be overlapped in time (subframe) and an AMS has limited transmitted power per symbol. To avoid this problem, we propose an efficient UL data region mapping scheme for multi-carrier operation. 
2. Mapping Algorithm in SDD [1]

    Section 19.3.5 defines the mapping algorithm as following
a) Segment the modulated symbol sequence into blocks sized to fit into a single LRU. 

b) Map each segmented block onto one LRU from the lowest LRU index in the OFDMA data region of the carrier with the lowest logical carrier index.

c) Continue the mapping so that the LRU index increases. When the edge of the data region is reached, continue the mapping from the lowest LRU index in the OFDMA data region of the carrier with the next available logical carrier index.

d) Continue the mapping until the all modulated data symbols are mapped. 

Figure 1 shows an example of the above algorithm [1].
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Figure 1 Example of mapping in SDD
The mapping algorithm is good for DL allocation. However, we note that this mapping scheme is not efficient for UL allocation if MCS is applied for UL transmission. Due to the limited transmitted power per symbol for an AMS, the overlapped data regions in a subframe prevent the AMS from applying best possible MCS level. This leads to performance degradation.
3. UL Data Regions and Sub-carriers Mapping
The key idea is to transmit data such that each transmission in carrier is not overlapped in a subframe. By doing so, AMS can apply the best available MCS level for UL transmission and maintain the chosen MCS level for whole data region. One example of the proposed UL data mapping scheme is shown in Figure 2. The detail description of the proposed UL mapping scheme is as following: 
a) Segment the modulated symbol sequence into blocks sized to fit into a single LRU. 
b) Map each segmented block onto one LRU from the lowest LRU index in the OFDMA data region of the carrier with the lowest logical carrier index.

c) Continue the mapping so that the LRU index increases. When the edge of the data region is reached, continue the mapping from the lowest LRU index in the OFDMA data region of the carrier with the next available logical carrier index (not necessarily increasing order) in the next subframe.

d) Continue the mapping until the all modulated data symbols are mapped. 
Figure 2 shows an example of the proposed UL data region mapping for multi-carrier operation.
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Figure 2 UL Data Region Mapping for Multicarrier Operation

4. Proposed Text for the 802.16m SDD
---------------------------  Start of the proposed text  --------------------------------------------------------------
19.3 PHY Aspects of OFDMA Multi-carrier Operation

Physical layer to support OFDMA multi-carrier operation is shown in. A single MAC PDU or a concatenated

MAC PDUs is received through the PHY SAP and they can form a FEC block called PHY PDU. The figure

shows that the physical layer performs channel encoding, modulation and MIMO encoding for a PHY PDU   and generates a single modulated symbol sequence. Any one of the multiple carriers (primary or secondary carriers) can deliver a modulated symbol sequence. Or, in case of allocation on DRU, a single modulated symbol sequence may be segmented into multiple segments where each segment can be transmitted on a different carrier. The same MCS level and MIMO scheme are used for all segments of a PHY PDU. For UL transmission, the different MCS level may be applied. However, different PHY PDUs transmitted on the same or different carriers may have different MCS and MIMO schemes. The physical layer performs subcarrier mapping for a modulated symbol sequence or a segment of the sequence

relevant to the given carrier.
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Figure 57 An example of physical layer structure to support multi-carrier operation

The following describes the details of the PHY PDU transmission operation:

  1. For a PHY PDU, the PHY delivers a single modulated symbol sequence. This modulated symbol

    sequence, is regarded as a single HARQ packet the same as in a single carrier system.

  2. A modulated symbol sequence of a PHY PDU can be transmitted as follows: 

    A. Transmitting the modulated symbol sequence on a single RF carrier. Note that in the same time,

      different PHY bursts may be transmitted to an AMS from different RF carriers.

    B. For DL, Ttransmitting the modulated symbol sequence on DRUs across several RF carriers at the same

      subframe, via PHY burst segmentation and mapping to different RF carriers, by using the same

      MCS and MIMO scheme. For UL, transmitting the modulated symbol sequence on DRUs across several 

      RF carriers at the different subframe. Different MCS scheme may be applied.
  3. In the multi-carrier system, an LRU is defined independently per carrier. The RF carrier specific

    physical layer performs subcarrier mapping based on the LRU per carrier. It must be noted that the radio

    resource utilization on each RF carrier may be different.

 PHY segmentation, i.e. transmitting one PDU across multiple carriers is FFS.
19.3.5 Data Regions and Sub-carrier Mapping for OFDMA Multi-carrier Operation

When a modulated symbol sequence is transmitted through one carrier, the sequence is mapped using the same

mapping rule of the single carrier mode. For DL, Wwhen a modulated symbol sequence is segmented, each segment can be mapped to OFDMA data regions over multiple carriers using the algorithms defined below, where logical carrier index is defined as FFS.

a) Segment the modulated symbol sequence into blocks sized to fit into a single LRU.
b) Map each segmented block onto one LRU from the lowest LRU index in the OFDMA data region of the

      carrier with the lowest logical carrier index.

    c) Continue the mapping so that the LRU index increases. When the edge of the data region is reached,

      continue the mapping from the lowest LRU index in the OFDMA data region of the carrier with the

      next available logical carrier index.

    d) Continue the mapping until the all modulated data symbols are mapped.

An example is shown in Figure 61. Within the LRU, subcarrier mapping follows the mapping rule for a single

carrier case.
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Figure 61 Example of modulated symbol sequence mapping in OFDMA multi-carrier operation for DL
For UL, each segment of a modulated symbol sequence is mapped to OFDMA data regions over multiple carriers such that the data regions are not overlapped in time (subframe).

---------------------------  End of the proposed text   ---------------------------------------------------------------
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