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1. Introduction
The contribution proposes the text of DL PHY section to be included in the 802.16m amendment. The proposed text is developed so that it can be readily combined with IEEE P802.16 Rev2/D7 [1], it is compliant to the 802.16m SRD [2] and the 802.16m SDD [3], and it follows the style and format guidelines in [4].
2. Modifications to the SDD text
The text proposed in this contribution is based on the subclauses 11.5 in the IEEE 802.16m SDD [3]. On top of that, we have added and modified as follows:

· The overall text and figures in this contribution are compliant with the IEEE 802.16m SDD [3] except subchannelization for DL distributed resource in Section 15.3.5.2.4. 
· In Section 15.3.5.2.4, it is left as a TBD issue. 
· The detail contribution for DL subchannelization was submitted in [5].
· Terminologies in Section 15.3.5.3 are cleaned up using definitions in Section 3 References of this contribution.

· Left the section of DL reference pilot pattern as TBD. 
· To support CQI/PMI report, DL reference pilot pattern must be designed. However, it’s not handled for 802.16m meeting and there is no DL reference pilot pattern agreed in IEEE 802.16m SDD [3]. Therefore, it is left as a TBD issue. 
3. References
[1] IEEE P802.16 Rev2 / D7, “Draft IEEE Standard for Local and Metropolitan Area Networks: Air Interface 
for Broadband Wireless Access,” Oct. 2008.
[2] IEEE 802.16m-07/002r6, “802.16m System Requirements” 
[3] IEEE 802.16m-08/003r5, “The Draft IEEE 802.16m System Description Document”
[4] IEEE C802.16m-08/043, “Style guide for writing the IEEE 802.16m amendment”
[5] IEEE C802.16m-08/1464, “Proposed Text of DL Subchannelization section for the IEEE 802.16m Amendment”
4. Text proposal for inclusion in the 802.16m amendment
-------------------------------  Text Start  --------------------------------------------------- 
3. Definitions
Insert the following at the end of section 3:
xx. PRU : 18x6 (consecutive subcarriers) which include the resource unit before the outer permutation.

xx. DRU: This has still 18x6 PRU structure, which is going to be permuted by DL subcarrier permutation or UL tile permutation
xx. CRU: This has still 18x6 RU structure, which will pass-through subcarrier permutation (i.e. is not going to be subcarrier permuted). CRU has two types: band-based CRU and PRU-based CRU, depending on system parameters.  

xx. LRU : Basic logical unit for distributed and localized resource allocations. 
xx. Distributed-LRU: the LRU which is obtained from distributed allocation after subcarrier permutation

xx. Localized-LRU: the LRU obtained from localized allocation via. pass-through subcarrier permutation
Insert a new section 15: 
4. Advanced Air Interface 

4.1. Physical layer 
4.1.1. Downlink physical structure
Each downlink subframe is divided into a number of frequency partitions, where each partition consists of a set of physical resource units across the total number of OFDMA symbols available in the subframe. Each frequency partition can include contiguous (localized) and/or non-contiguous (distributed) physical resource units. Each frequency partition can be used for different purposes such as fractional frequency reuse (FFR) or multicast and broadcast services (MBS). Figure 1 illustrates the downlink physical structure in the example of two frequency partitions with frequency partition 2 including both localized and distributed resource allocations
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Figure 1 – Example of downlink physical structure
4.1.1.1. DL symbol structure

4.1.1.1.1. Physical and logical resource unit

A physical resource unit (PRU) is the basic physical unit for resource allocation that comprises Psc consecutive subcarriers by Nsym consecutive OFDMA symbols. Psc is 18 subcarriers and Nsym is 6 OFDMA symbols for type-1 sub-frames, and Nsym is 7 OFDM symbols for type-2 sub-frames. A logical resource unit (LRU) is the basic logical unit for distributed and localized resource allocation. A LRU is Psc(Nsym subcarriers for type-1 sub-frames and type-2 sub-frames. Note that the LRU includes in its numerology the number of pilots that are used in a PRU. The effective number of data tones in an LRU depends on the number of allocated pilots.

4.1.1.1.2. Distributed logical resource unit

The logical distributed resource unit (Distributed LRU) can be used to achieve frequency diversity gain. The distributed LRU contains a group of subcarriers which are spread across the distributed resource allocations within a frequency partition. The size of the distributed LRU equals the size of PRU, i.e., Psc subcarriers by Nsym OFDMA symbols. The minimum unit for forming the distributed LRU is equal to a pair-tone defined as a pair of adjacent subcarriers in frequency.
4.1.1.1.3. Localized logical resource unit
The localized logical resource unit (Localized LRU) can be used to achieve frequency-selective scheduling gain. The Localized LRU contains a group of subcarriers which are contiguous across the localized resource allocations. The size of the localized LRU equals the size of the PRU, i.e., Psc subcarriers by Nsym OFDMA symbols.




Subchannelization and resource mapping

4.1.1.1.4. Basic symbol structure
The subcarriers of an OFDMA symbol are partitioned into Ng,left left guard subcarriers, Ng,right right guard subcarriers, and Nused used subcarriers. The DC subcarrier is not loaded. The Nused subcarriers are divided into PRUs. Each PRU contains pilot and data subcarriers. The number of used pilot and data subcarriers depends on MIMO mode, rank and number of multiplexed MS as well as the type of the subframe, i.e., type-1 or type-2.
4.1.1.1.5. Downlink subcarrier to resource unit mapping
The DL subcarrier to resource unit mapping process is defined as follows and illustrated in Figure 2:

1. The outer permutation is applied to the PRUs in the units of N1 and N2 PRUs, where N1=4 and N2 =1 or 2 depending on system bandwidth. Direct mapping of outer permutation can be supported only for localized LRU.
2. Distributing the reordered PRUs into frequency partitions.
3. The frequency partition is divided into CRU and/or DRU for each resource group. Sector specific permutation can be supported and direct mapping of the resources can be supported for localized resources. The sizes of the distributed/localized resources are flexibly configured per sector. Adjacent sectors do not need to have same configuration of localized and distributed resources
4. The localized and distributed groups are further mapped into LRUs by direct mapping of CRU and by subcarrier permutation on DRUs, as shown in Figure 2.
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Figure 2 – Illustration of the downlink subcarrier to resource block mapping. 
4.1.1.1.6. Subchannelization for DL distributed resource

[TBD]

4.1.1.1.7. Subchannelization for DL localized resource

There is no permutation defined for the DL localized resource allocation. The PRUs are directly mapped to localized LRUs within each frequency partition. 

4.1.1.2. Pilot structure

The transmission of pilot subcarriers in the downlink is necessary for enabling channel estimation, measurements of channel quality indicators such as the SINR, frequency offset estimation, etc. To optimize the system performance in different propagation environments and application, both common and dedicated pilot structures are supported.

The categorization in common and dedicated pilots is done with respect to their usage. The common pilots can be used by all MSs. Dedicated pilots can be used with both localized and diversity allocations. Pilot subcarriers that can be used only by a group of MSs are a special case of common pilots and are termed shared pilots. The dedicated pilots are associated with a specific resource allocation, can be only used by the MSs allocated to said specific resource allocation, and therefore can be pre-coded or beamformed in the same way as the data subcarriers of the resource allocation.

The pilot structure is defined for up to four transmission (Tx) streams and there is a unitified pilot pattern design for common and dedicated pilots. There is equal pilot density per Tx stream, while there is not necessarily equal pilot density per OFDMA symbol of the downlink subframe. Further, there is equal number of pilots for each PRU. The pilots can be used for channel estimation, measurements (CQI and interference mitigation/cancellation), frequency offset estimation and time offset estimation.
Pilot patterns are proposed for efficiency and performance. Pilot pattern A is used for 1 and 2 Tx streams DL dedicated and common pilot pattern, as shown in Figure 3. For the subframe consisting of 5 or 7 OFDMA symbols, one of OFDMA symbols is deleted or added. In the figures, the pilot k denotes a common and dedicated pilot for the k-th Tx stream.
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Figure 3 – Pilot pattern A for 1/2 Tx streams.
The interlaced pilot patterns can be generated by cyclic shifting the pilot pattern A. The interlaced pilot patterns are shown in Figure 4 and can be optionally used by different BSs. The use of interlaced pilot pattern is FFS.
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Figure 4 – Interlaced pilot pattern A for 1/2 Tx streams.
The pilot pattern B is used for 4 Tx streams DL dedicated and common pilot pattern, as shown in Figure 5. For the subframe consisting of 5 OFDMA symbols, the third or fourth OFDMA symbol is deleted. For the subframe consisting of 7 OFDMA symbols, the third or fourth OFDMA symbol is added in the end of the subframe
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Figure 5 – Pilot pattern B for 4 Tx streams.
4.1.1.2.1. DL reference pilot structure

[TBD]

-------------------------------  Text End  ---------------------------------------------------[image: image6.png]
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