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Downlink distributed resource mapping and hopping for 802.16m 

Jia Lin, Juejun Liu, Jianmin Lu 

Huawei
1 Introduction

802.16e implements TDM as channelization mode to configure distributed resource (PUSC/FUSC) & localized resource (AMC). It uses different sub-zones to configure using different part of the bandwidth.
For requirement of 802.16m, Localized resource unit (LRU) can be used for frequency-selective scheduling.  Localized RU is formed from contiguous physical tiles. Distributed Resource unit (DRU) can be used for frequency diversity scheduling. Distributed resource unit consists of multiple distributed physical tiles that are scattered across the entire bandwidth or multiple reserved frequency bands. 802.16m should support multiplexing of Localized resource and Distributed resource in each sub-frame.
In order to make distributed resource achieve better frequency diversity and interference average between different cells, downlink distributed resource mapping and hopping is introduced in this contribution.
2 Design Consideration and Feature
In order to achieve better frequency diversity and interference average, Distributed resource mapping in sub-frame should satisfy randomization, and Distributed resource should hop based on per sub-frame, frame or super frame. 
Following factors should be considered: 

1) Bandwidth of sub-frame

2) Partition of DRUs and LRUs per sub-frame
3) Mapping Offset sequence for resource mapping
4) Hopping Offset sequence for resource hopping

4) Rule of resource mapping in sub-frame/frame/super-frame
5) Rule of resource hopping in different sub-frame/frame/super-frame
6) FFR grouping
3 Proposal
Bandwidth of sub-frame is divided into several clusters which contains of distributed resource and localized resource. Further, within a cluster, bandwidth is divided into multiple frequency bands, each of which is called as sub-zone. When multiplexing of Localized resource and distributed resource, Localized resource is located in the LRU sub-zones; Distributed resource is located in the DRU sub-zones. Localized resource and Distributed resource occupy different frequency bands (sub-zones) within a sub-frame. Tiles of distributed RU are located in DRU sub-zones of different clusters in sub-frame. Localized RU is formed from contiguous physical tiles in LRU sub-zone.
Each cluster is composed of multiple tiles which contains of multiple tones. A tone is one subcarrier by one symbol. Distributed resource unit consists of multiple distributed physical tiles that are scattered across the entire bandwidth or multiple reserved frequency bands (sub-zones). A cluster corresponds to 788 kHz which can provide adequate frequency selective scheduling performance.

3.1 Downlink distributed resource mapping
In order to achieve better frequency diversity and interference average, Mapping offset sequence is used for downlink distributed resource mapping, which can be generated by PN sequence. Distributed resource in each cluster is composed of multiple tiles which belong to different DRUs. 
1) The Mapping offset sequence values are corresponding to tile’s location of DRU in different DRU sub-zones of sub-frame.

2) Mapping offset sequence Mn = {O0, O1, O2 … Oi}, value of Oi indicates tile’s location of corresponding DRU in DRU sub-zone i. Mapping offset sequence Mn indicates resource mapping of corresponding DRU in sub-frame.
3) Range of value in Mapping offset sequence can vary in terms of different bandwidth and partition of DRU&LRU.

4) Mapping offset sequences are orthogonal each other.

5) Distributed resource mapping can be corresponding to different Mapping offset sequence in different sub-frame/frame/super-frame.
6) Distributed resource mapping is decided by combination of Mapping offset sequences for each sub-frame/frame/super-frame.

For example: 
Mapping offset sequence M0 is corresponding to resource mapping of DRU0 in sub-frame 0.

Mapping offset sequence M1 is corresponding to resource mapping of DRU1 in sub-frame 0.
Tile’s location of DRU 0 in DRU sub-zone 0 of sub-frame 0 is corresponding to first value O0 of Mapping offset sequence M0.

Tile’s location of DRU 0 in DRU sub-zone 1 of sub-frame 0 is corresponding to second value O1 of Mapping offset sequence M0. 

E.g. For 5MHz bandwidth, as DRU:LRU=1:3, RU size is 18 subcarriers by 6 symbols, which means number of DRU is 6 in sub-frame, and number of LRU is 18. Each cluster has 24 tiles, whose 6 tiles are for 6 different DRUs respectively. A Sub-frame is divided into 6 clusters, each cluster has one PRU for distributed resource. In this case, rang of value in Mapping offset sequence is from 0 to 5. 

It is assumed that Mapping offset sequence 0 is M0 = {0, 1, 5, 4, 3, 2}, which is for mapping of DRU0. Mapping offset sequence 1~5 should be generated for keeping them orthogonal each other, Mapping offset sequence 1~5 is for mapping of DRU1~5. Such as:
M1 = {1, 2, 0, 5, 4, 3}

M2 = {2, 3, 1, 0, 5, 4}

M3 = {3, 4, 2, 1, 0, 5}

M4 = {4, 5, 3, 2, 1, 0}

M5 = {5, 0, 4, 3, 2, 1}

Distributed resource mapping in sub-frame is decided by combination of Mapping offset sequences. Distributed resource mapping to sub-frame is show as Figure 1. 
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Figure 1: Example of downlink resource mapping

Different combination of Mapping offset sequences is used for distributed resource mapping in different sub-frame/frame/super-frame. 
1) Combination of Mapping offset sequences is Cn = {MDRU0, MDRU1 … MDRUi}, MDRUi is Mapping offset sequence for logical DRUi. Cn indicates distributed resource mapping for each sub-frame/frame/super-frame.

2) Combinations of Mapping offset sequences for different sub-frame/frame/super-frame in the same sector are orthogonal each other.

3) Combinations of Mapping offset sequences for different sectors in the same sub-frame/frame/super-frame are orthogonal each other.

For example: 
Combination of Mapping offset sequences in sub-frame 0 is C0= {M0, M1, M2, M3, M4, M5}. M0 is for DRU0 (MDRU0= M0), M1 is for DRU1 (MDRU1= M1), and so on.
Combination of Mapping offset sequences in sub-frame 1 is changed, which is C1= {M6, M7, M8, M9, M10, M11}.
M0~ M5 are Mapping offset sequence 0~5. M6 is for DRU0 (MDRU0= M6), M7 is for DRU1 (MDRU1= M7), and so on.
Figure 2 shows resource mapping in different sub-frames which are corresponding different combinations of Mapping offset sequences.
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Figure 2: Example of resource mapping for different sub-frames in the same sector
Figure 3 shows resource mapping for different sectors which are corresponding different combinations of Mapping offset sequences in the same sub-frame. 
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Figure 3: Example of resource mapping for different sectors in the same sub-frame number
3.2 Downlink distributed resource hopping
Hopping offset sequence is used for distributed resource hopping in this contribution. Hopping offset sequence can be generated by PN sequence. Meanwhile, in order to achieve less interference between different sectors, it is considered different offset in downlink resource mapping of different sector. 
1) There are different Hopping offset sequences for different sectors. Each sector is corresponding to one Hopping offset sequence.
2) Hopping offset sequence n is Hn= {h0, h1, h2 … hi}, value of hi indicates Hopping offset in sub-frame i×n, n≥0.

3) For certain bandwidth and partition of DRU & LRU, order of value in Hopping offset sequence is corresponding to sub-frame/frame/super-frame number.

4) Value and length of Hopping offset sequence can be changed for different bandwidth, either for partition of DRU & LRU and unit of hopping offset.

5) Granularity unit of hopping offset can be based on tile/RU/cluster in sub-frame.
6) Hopping offset sequences for different sectors are orthogonal each other.

E.g. for 5MHz bandwidth, as DRU:LRU=1:3, RU size is 18 subcarriers by 6 symbols, which means number of DRU is 6 in sub-frame, and number of LRU is 18. Each cluster has 24 tiles, whose 6 tiles are for 6 different DRUs respectively. Unit of hopping offset is RU. In this case, rang of Hopping offset value is from 0 to 3. In other words, length of Hopping offset sequence is 4.

For sector 1, it is assumed that Hopping offset sequence values are H1 = {0, 2, 1, 3}, whose values are corresponding to different sub-frame numbers. 
For sub-frame number = 4n, n≥0, its corresponding Hopping offset value is 0. 
For sub-frame number = 4n+1, n≥0, its corresponding Hopping offset value is 2. 
In the case of sector 2 and 3, their Hopping offset sequence values can be generated like Hopping offset sequence values of sector 1, it is assumed that H2={1, 3, 2, 0} and H3={2, 0, 3, 1}. Offset between different sectors can be seen in Figure 4. Hopping offset sequences for different sectors are orthogonal each other.
Meanwhile, combination of Mapping offset sequences for mapping distributed resource can be changed in different sub-frame/frame/super-frame, which impacts mapping of distributed resource in each cluster of different sub-frame. For example as Figure 5 shown, combination of Mapping offset sequences in sub-frame 0 is C0= {M0, M1, M2, M3, M4, M5}, and combination of Mapping offset sequences in sub-frame 1 is changed, which is C1= {M6, M7, M8, M9, M10, M11}. Hopping Offset between different sub-frames in same sector is shown in Figure 5 and 6.
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Figure 4: Offset between different sectors in same sub-frame
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Figure 5: Hopping Offset between different sub-frames in same sector (Mapping of distributed resource is changed per frame)
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Figure 6: Hopping Offset between different sub-frames in same sector (Mapping of distributed resource is changed per sub-frame)
3.3 Downlink subcarrier to resource unit mapping and FFR grouping
As Figure 7 shown, for FFR grouping, logical resource of sub-frame can be divided into multiple FFR groups. Each FFR group is composed by multiple logical RUs which are LRUs and /or DRUs. The granularity unit of FFR grouping is logical RU. Resource of FFR groups are orthogonal each other. The permutation and mapping steps as below:
(1) Permutation: PRUs are mapped to permuted PRUs according to predefined permutation/mapping rule which are for distributed resource and distributed resource. The permuted PRUs are divided into distributed resource and localized resource, and are renumbered. PRU-wise physical resource is mapped to the localized resource, and tile-wise physical resource is mapped to the distributed resource. For the localized resource, PRU can be directly mapped to a permuted PRU. For distributed resource, multiple tiles in physical resource can be mapped to a permuted PRU according to predefined permutation/mapping rule for distributed resource.
(2)FFR grouping: Permuted PRUs in Distributed resource and localized resource are divided into multiple FFR groups. Each FFR group contains of multiple Permuted PRUs that are from distributed resource and/or localized resource. 

(3)Mapping: In each FFR group, its Permuted PRUs are mapped to the logical resource units. 
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Figure 7: Example of FFR group mapping
4 Conclusions
In this paper some of the basic considerations of downlink distributed resource mapping and hopping for 802.16m have been discussed. We propose the following as design factors: 
· Localized RU is formed from contiguous physical tiles.

· Distributed RU is formed from physical tiles that are spread over sub-frame.
· Locations of tiles for a DRU are corresponding to values of Mapping offset sequence which is for this DRU.

· Distributed resource mapping in a sub-frame is decided by combination of Mapping offset sequences for this sub-frame.
· Value range of Mapping offset sequence varies in terms of different bandwidth and partition of DRU&LRU. 

· Combination of mapping offset sequence can be changed in different sub-frame/frame/super-frame, which impacts mapping resource of each DRU in different sub-frame.
· Hopping offset sequence value is hopping offset which is corresponding to different sub-frame/frame/super-frame for a certain bandwidth and partition of DRU & LRU.
· Length of Hopping offset sequence varies in terms of different hopping unit and bandwidth.

· Logical resource of sub-frame can be divided into multiple FFR groups. Each FFR group is composed by multiple RUs which are LRUs and /or DRUs.


Insert the following text into Chapter 11 in IEEE C802.16mDL_PHY-08/046:
------------------------------------------- Start of Proposed SDD Text --------------------------------------------------------

11.5.2.2 Downlink subcarrier to resource unit mapping

The multiplexing of resource allocation units in the downlink is performed in a frequency division multiplexing (FDM) manner. The process of downlink subcarrier to resource unit mapping is broken down into the following steps:

1. A first-level or outer permutation is applied to the PRUs within the entire frequency band.

2. The permuted PRUs are arranged into frequency partitions, e.g., FFR groups.

3. Each frequency partition is further divided into DRUs and/or LLRUs, i.e., each frequency partition may contain both distributed and localized resource allocations.

4. A second-level or inner permutation exists only for the DRUs.

1. PRUs are mapped to permuted PRUs according to predefined permutation/mapping rule which are for distributed resource and distributed resource within the entire frequency band. The permuted PRUs are divided into distributed resource and localized resource, and are renumbered. For the localized resource, PRU can be directly mapped to a permuted PRU. For distributed resource, multiple tiles in physical resource can be mapped to a permuted PRU according to predefined permutation/mapping rule for distributed resource.

2. Permuted PRUs in distributed resource and localized resource are arranged into multiple frequency partitions, e.g., FFR groups. Each frequency partition contains of multiple Permuted PRUs that are from distributed resource and/or localized resource. 

3. In each frequency partition, its Permuted PRUs are mapped to the logical resource units. 
11.5.2.3 Subchannelization for DL distributed resource

The second-level or inner permutation defined for the DL distributed resource allocations spreads the subcarrriers of the DRU across the whole frequency band. The granularity of the inner permutation is equal to the minimum unit for forming a DRU according to 11.5.1.1.

11.5.2.3.1 Downlink distributed resource mapping 
Bandwidth of sub-frame is divided into several clusters which contains of distributed resource and localized resource. Further, within a cluster, bandwidth is divided into multiple frequency bands, each of which is called as sub-zone. When multiplexing of Localized resource and distributed resource, Localized resource is located in the LRU sub-zones; Distributed resource is located in the DRU sub-zones. Localized resource and Distributed resource occupy different frequency bands (sub-zones) within a sub-frame. Tiles of distributed RU are located in DRU sub-zones of different clusters in sub-frame. Localized RU is formed from contiguous physical tiles in LRU sub-zone.
In order to achieve better interference average, Mapping offset sequence is used for downlink distributed resource mapping, which can be generated by PN sequence. Distributed resource in each cluster is composed of multiple tiles which belong to different DRUs. 

1) The Mapping offset sequence values are corresponding to tile’s location of DRU in different DRU sub-zones of sub-frame.

2) Mapping offset sequence Mn = {O0, O1, O2 … Oi}, value of Oi indicates tile’s location of corresponding DRU in DRU sub-zone i. Mapping offset sequence Mn indicates resource mapping of corresponding DRU in sub-frame.

3) Range of value in Mapping offset sequence can vary in terms of different bandwidth and partition of DRU&LRU.

4) Mapping offset sequences are orthogonal each other.

5) Distributed resource mapping can be corresponding to different Mapping offset sequence in different sub-frame/frame/super-frame.

6) Distributed resource mapping is decided by combination of Mapping offset sequences for each sub-frame/frame/super-frame.

Different combination of Mapping offset sequences is used for distributed resource mapping in different sub-frame/frame/super-frame. 

1) Combination of Mapping offset sequences is Cn = {MDRU0, MDRU1 … MDRUi}, MDRUi is Mapping offset sequence for logical DRUi. Cn indicates distributed resource mapping for each sub-frame/frame/super-frame.

2) Combinations of Mapping offset sequences for different sub-frame/frame/super-frame in the same sector are orthogonal each other.

3) Combinations of Mapping offset sequences for different sectors in the same sub-frame/frame/super-frame are orthogonal each other.

11.5.2.3.2 Downlink distributed resource hopping
Hopping offset sequence is used for distributed resource hopping in this contribution. Hopping offset sequence can be generated by PN sequence. Meanwhile, in order to achieve less interference between different sectors, it is considered different offset in downlink resource mapping of different sector. 

1) There are different Hopping offset sequences for different sectors. Each sector is corresponding to one Hopping offset sequence.

2) Hopping offset sequence n is Hn= {h0, h1, h2 … hi}, value of hi indicates Hopping offset in sub-frame i×n, n≥0.

3) For certain bandwidth and partition of DRU & LRU, order of value in Hopping offset sequence is corresponding to sub-frame/frame/super-frame number.

4) Value and length of Hopping offset sequence can be changed for different bandwidth, either for partition of DRU & LRU and unit of hopping offset.

5) Granularity unit of hopping offset can be based on tile/RU/cluster in sub-frame.
6) Hopping offset sequences for different sectors are orthogonal each other.
------------------------------------------- End of Proposed SDD Text --------------------------------------------------------
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