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Proposed Amendment Text on Uplink Physical Structure
HanGyu Cho, Jinsoo Choi, Seung-Hyun Kang, Jin Sam Kwak
LG Electronics
1 Introduction
In this contribution, the amendment text on Uplink Physical Structure is proposed in accordance with the IEEE 802.16m System Requirement Document [1] and System Description Document [2]. Any proposed text here is developed such that it can be readily combined with IEEE P802.16Rev2/D7 [3] and other active IEEE 802.16 amendment projects, as appropriate. In addition, this contribution follows the tentative outlines, the style and format guidelines contained in [4].
2 Motivation
The section “Uplink physical structure” addresses UL subcarrier to resource unit mapping, pilot structure, and uplink physical structure for legacy support. Key concepts described in the current SDD text on UL physical structure are as follows:
• 18 by Nsym physical resource unit (PRU) as a basic physical unit for resource allocation
• FDM-multiplexing of distributed and localized resources

• Frequency partitions for supporting FFR 

• Outer permutation with different permutation granularities N1 and N2
• Inner permutation in the unit of tile for distributed allocation

• DL pilot patterns designed for PRU are used for UL MIMO support up to 4 TX streams. 
What this contribution does is to clarify the SDD text, to correct editorial mistakes, and to provide technical details fit for amendment text as much as possible.
3 Key proposals

Main technical proposals to be adopted in the amendment text are as follows:

• Overall procedure of UL subcarrier to resource unit mapping supporting outer permutation with N1 and N2,  
second-level permutation, and inner permutation for distributed resource

• Inner permutation rule and related sequence generation methods in the unit of tile for distributed resource 
• Text change from “LDRU” to “DRU” and from “LLRU” to “CRU” to avoid uncertainties in the current SDD text
• Description of pilot subcarrier mapping into the physical subcarrier indices
• Details on permutation sequence generation methods can be found in [5]
4 References

[1] IEEE 802.16m-07/002r4, “802.16m System Requirements” 
[2] IEEE 802.16m-08/003r5, “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-08/1468r1, “Details on Permutations for DL and UL PHY structures”
5 Proposed Amendment Text on 15.3.6 Uplink Physical Structure
-----------------------------------------------------------Start of the Text---------------------------------------------------------
15 Advanced Air Interface.

15.3 Physical Layer

15.3.6 Uplink Physical Structure
Each UL 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). Figure 15.3.6.1 illustrates the uplink physical structure in the example of two FFR groups with FFR group 2 including both localized and distributed resource allocations.
[image: image1.emf]
Figure 15.3.6.1 Hierarchical representation of the uplink physical structure
15.3.6.1 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 subframes, and Nsym is 7 OFDMA symbols for type-2 sub frames. A logical resource unit (LRU) is the basic logical unit for distributed and localized resource allocations and its size is Psc∙Nsym subcarriers for data transmission. For control channel/message transmission, the size of LRU should be the same as that of data transmission and multiple users are allowed to share one control LRU. The LRU includes the number of pilots in a PRU. The effective number of data subcarriers in an LRU depends on the number of allocated pilots.
15.3.6.1.1 Distributed resource unit
The distributed resource unit (DRU) contains a group of subcarriers which are spread across the distributed resource allocations. The size of the DRU equals the size of the LRU for distributed allocations, i.e., Psc subcarriers by Nsym OFDMA symbols. The minimum unit for forming the DRU is a tile. The UL tile size is 6 consecutive subcarriers by Nsym consecutive OFDMA symbols.
15.3.6.1.2 Localized resource unit
The localized resource unit, also known as contiguous resource unit (CRU) contains a group of subcarriers which are contiguous across the localized resource allocations. The size of the CRU equals the size of the LRU for localized allocations, i.e., Psc subcarriers by Nsym OFDMA symbols.
15.3.6.2 Subchannelization and Resource mapping
15.3.6.2.1 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. 

Table 15.3.6.1 summarizes the parameters of the basic symbol structure. The number of available PRUs depends on the channel bandwidth and the usage of guard band. The PRU-Subband denotes the N1 contiguous PRUs, where N1 = 4 is used for the outer permutation in 15.3.6.2.2.
Table 15.3.6.1 Parameters for basic symbol structure
	The nominal channel bandwidth,
	20MHz
	10MHz
	5MHz
	7MHz
	8.75MHz

	FFT size
	2048
	1024
	512
	1024
	1024

	Number of used subcarriers Nused (Excluding DC subcarrier)
	1728
	864
	432
	[TBD]
	[TBD]

	Guard subcarriers
	Left (Ng,left)
	160
	80
	40
	[TBD]
	[TBD]

	
	Right (Ng,right)
	159
	79
	39
	[TBD]
	[TBD]

	Number of PRUs NPRU
(excluding guard carriers)
	96
	48
	24
	[TBD]
	[TBD]

	Number of PRU-Subbands NP-Sub
	24
	12
	6
	[TBD]
	[TBD]


15.3.6.2.2 Uplink subcarrier to resource unit mapping

The main features of resource mapping include:

1. Support of localized resource unit (LLRU) and distributed resource unit (LDRU) in an FDM manner.

2. DRUs comprise multiple tiles which are spread across the distributed resource allocations. 

3. FFR can be applied in UL.
Based on the main design concepts above, the UL subcarrier to resource unit mapping process is defined in the Figure 15.3.6.2:

1. The outer permutation is applied to the NPRU PRUs in the units of N1 and N2 contiguous PRUs, where N1 = 4 and N2 = 1.

2. Distribute the outer-permuted PRUs into frequency partitions.

3. Each frequency partition is divided into localized (CRU) and/or distributed (DRU) resources. Sector specific second-level permutation can be supported and direct mapping of the resources can be supported for localized resource. The sizes of the distributed/localized resources are flexibly configured per sector. 
4. The localized and distributed resources are further mapped into localized LRUs. For the CRU resources, the mapping is direct. For the DRU resources, a tile permutation or hopping permutation is carried out for permuting or hopping the tiles of the distributed groups.
[image: image2.emf]
Figure 15.3.6.2 High-level illustration of the uplink subcarrier to resource unit mapping
15.3.6.2.2.1 Outer permutation 

The goal of the outer permutation is

• To provide two different physical allocation units - N1 and N2 contiguous PRUs such that localized and  
distributed resources can be flexibly assigned from two different allocation units and

• To provide cell-common permutation such that frequency partitions can be aligned among cells.

The size of PRU-subband N1 is equal to four, and the size of N2 is equal to one. In order to divide the available PRUs into the frequency partitions consisting of N1 and/or N2 PRUs, the outer permutation has two successive permutations in the units of N1 and N2 PRUs, respectively, as follows: 

1. For given NPRU PRUs depending on the system bandwidth in Table 15.3.5.1, the outer permutation P1    permutes NSub (= NPRU/N1) PRU-subbands as follows:
P1[i] = {D 1 · i + O 1 + floor(i / W1)} mod NSub,  i = 0,1,…, NSub-1
  where 

     D1 : Distance between two adjacent PRU-subband indices; D1  is given by D1 = ceiling(NSub / NN1) to distribute NN1 PRU-subbands evenly across the available frequencies, where NN1 is the number of PRU-subbands to be assigned in terms of N1 allocation unit. 
     O1 : Initial PRU-Subband index offset for the outer permutation P1; O1  in the unit of PRU-subband is a pre-defined value [O1 = Cell ID mod NSub] and set to be the same (O1 = 0) among cells when cell-common frequency partitions applied.
     W1 = D1 / GCD(NSub, D1), where GCD(x, y) is the greatest common divisor of x and y
2. Reserve the permuted NN1 PRU-subbands numbered from P1[0] to P1[NN1 -1] for allocation with N1 granularity. 
3. Renumber the remaining PRU-subbands numbered from P1[NN1] to P1[NSub -1] in the unit of PRU from 0 to NN2 -1, where NN2 denotes the number of PRUs obtained from the remaining (NSub- NN1) PRU-subbands. 
4. The outer permutation P2 allocates the renumbered NN2 PRUs into frequency partitions as follows:
P2[i] = {D2 ·i + O2 + floor(i / W2)} mod NN2,  i = 0,1,…, NN2 -1
  where 

     D2 : Distance between two adjacent PRU indices; D2  is given by D2 = Npart for each frequency partition to have distributed PRUs evenly across the available frequencies, where Npart denotes the number of frequency partitions.
     O2 : Initial PRU index offset for the outer permutation P2; O2  in the unit of PRU is a pre-defined value [O2 = Cell ID mod N N2] and set to be the same (O2 = 0) among cells when cell-common frequency partitions applied.
     W2 = NN2 / GCD(NN2, D2), where GCD(x, y) is the greatest common divisor of x and y
5. Distribute the permuted NN1 PRU-subbands and the permuted NN2 PRUs into Npart frequency partitions. 
According to the system configuration information, NN1 is the sum of the number of PRU-subbands required in each frequency partition, i.e., NN1 = NN1,0 + NN1,1 + …+ NN1,Npart-1 , where NN1,i denotes the number of PRU-subbands required in the frequency partition i. Similarly, NN2 = NN2,0 + NN2,1 + …+ NN2,Npart-1 , where NN2,i denotes the number of PRUs required in the frequency partition i. Then, frequency partition i is allocated NN1,i  subbands numbered from P1[NN1,0 + NN1,1 + …+ NN1,i-1] to P1[NN1,0 + NN1,1 + …+ NN1,i-1] and NN2,i  PRUs numbered from P2[NN2,0 + NN2,1 + …+ NN2,i-1] to P2[NN2,0 + NN2,1 + …+ NN2,i-1]. 

15.3.6.2.2.2 localized/distributed resource grouping [Note: this section replaces second-level permutation]
After outer permutation and frequency partitioning, localized/distributed resource grouping is applied within each frequency partition. Frequency partition m includes both NN1,m PRU-subbands and NN2,m PRUs. 

1. NN1,L PRU-subbands are reserved for localized resource allocation by selecting the evenly distributed PRU-subbands across the NN1,m PRU-subbands as follows: 

PN1[i] = {DN1 ·i + ON1 + floor(i / WN1)} mod NN1,m,  i = 0,1,…, NN1,L -1
  where 

     DN1 : Distance between two adjacent PRU-subband indices; DN1 is given by DN1 = ceiling(NN1,m / NN1,L) to reserve PRU-subbands evenly distributed across the available PRU-subbands.
     ON1 : Initial PRU-subband index offset; ON1  in the unit of PRU-subband is a pre-defined value [ON1 = (Cell ID+m) mod N N1,m].
     WN1 = NN1,m / GCD(NN1,m, DN1), where GCD(x, y) is the greatest common divisor of x and y
  The reserved NN1,L PRU-subbands are logically indexed first.

2. NN2,L PRUs are reserved for localized resource allocation by selecting the evenly distributed PRUs across the NN2,m PRUs as follows:

PN2[i] = {DN2 ·i + ON2 + floor(i / WN2)} mod NN2,m,  i = 0,1,…, NN2,L -1
  where 

     DN2 : Distance between two adjacent PRU indices; DN2 is given by DN2 = ceiling(NN2,m / NN2,L) to  reserve PRUs evenly distributed across the available PRUs.
     ON2 : Initial PRU index offset; ON2  in the unit of PRU is a pre-defined value [ON2 = (Cell ID+m) mod N N2,m].
     WN2 = NN2,m / GCD(NN2,m, DN2), where GCD(x, y) is the greatest common divisor of x and y
  The reserved NN2,L PRUs are logically numbered after indexing NN1,L PRU-subbands.

3. (NN1,m- NN1,L) PRU-subbands and (NN2,m- NN2,L) PRUs are numbered in the unit of PRU from 0 to NN2,D -1 in order of PRU-subbands and PRUs, where NN2,D =(NN1,m- NN1,L) · N1+ (NN2,m- NN2,L). After indexing localized resources, the renumbered NN2,D PRUs are logically indexed and assigned for distributed resource allocation.
15.3.6.2.3 Subchannelization for UL distributed resource
15.3.6.2.3.1 Inner permutation for UL distributed resource

The inner permutation for the UL distributed subchannelization within a frequency partition is used to spread the tiles of the DRU across the whole distributed resource group. The granularity of the inner permutation is equal to a tile. Using the UL tile size of 6 consecutive subcarriers by Nsym consecutive OFDMA symbols, the number of tiles in a PRU is three, i.e., NPRU,tile = 3. Let NDRU be the number of PRUs within the distributed resource. The inner permutation procedure for UL distributed subchannelization is as follows:

1. Renumber the total number of tiles Ntiles = NDRU ∙ NPRU,tile = 3 NDRU in order, from 0 to Ntiles -1 tiles. 
2. Apply the inner permutation  






























































































































     reseries obtained by rotating tion is equal to a tile.





































to form a total of NDRU distributed LRUs. The inner permutation is  






























































































































used to permute and allocate Ntiles =NDRU ∙ NPRU,tile = 3∙NDRU pairs in each subframe into the NDRU distributed LRUs. The k-th tile of s-th distributed LRU (subchannel) in l-th subframe is mapped into
ntile (s, k, l) = n ·NDRU + PIn[s; n +l], l = 0, 1, …, NSF,TTI -1
where
     ntile (s, k, l): tile index of the k-th tile of s-th distributed LRU (subchannel) in l-th subframe.

     n = (5k+7s) mod NPRU,tile = (5k+7s) mod 3
     NSF,TTI: the number of subframes during the TTI
     PIn[i; j]: i-th element of the series obtained by rotating the basic permutation sequence PIn[i, 0] cyclically to the left j times, where

 PIn[i, 0] = {DIn ·i + OIn + floor(i / WIn)} mod NDRU,  i = 0,1,…, NDRU-1
where DIn is the distance between two adjacent pair indices which is a pre-defined cell- specific  Information, OIn is the initial index offset for inner permutation which is a pre-defined cell-specific information, and WIn = NDRU / GCD(NDRU, DIn), where GCD(x, y) is the greatest common divisor of x and y. If DIn is greater than NDRU, then, DIn = DIn mod NDRU
15.3.6.2.4 Subchannelization for UL localized resource

The localized subchannels contain subcarriers which are contiguous in frequency. There is no inner permutation defined for the UL localized resource allocations. The CRU is directly mapped to localized LRU within each frequency partition. Precoding and/or boosting applied to the data subcarriers will also be applied to the pilot subcarriers.
15.3.6.3 Pilot Structure
The transmission of pilot subcarriers in the uplink is necessary for enabling channel estimation, measurement of channel quality indicators such as SINR, frequency offset and timing offset estimation, etc. The uplink pilots are dedicated to localized and distributed resource units and are precoded using the same precoding as the data subcarriers of the resource allocation. The pilot structure is defined for up to 4 Tx streams with orthogonal patterns.

The pilot pattern may support variable pilot boosting. When pilots are boosted, each data subcarrier should have the same Tx power across all OFDM symbols in a resource block. The boosting values are TBD.
The UL pilot pattern for LLRU is used up to 4 data streams. 
Figure 15.3.6.3 shows the pilot subcarriers for 1 and 2 UL data streams. The pilot subcarrier allocated in the i–th antenna, the l-th OFDMA symbol, and k-th PRU is defined as follows: 

Piloti(k,l) = 18k +16∙(l mod 3) mod 24 + i mod 2
For the subframe consisting of 5 OFDMA symbols, the last OFDMA symbol is deleted. For the subframe consisting of 7 OFDMA symbols, the second or fifth OFDMA symbol is added in the end of the subframe.
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Figure 15.3.6.3 UL Pilot pattern for 1 and 2 data streams

The pilot structure shown in Figure 15.3.6.4 is used for 4 data streams. When l0
[image: image4.wmf]Î

{0,1,4,5}, where l0 = l mod 6, the pilot subcarrier allocated in the i–th antenna, the l-th OFDMA symbol, and k-th PRU is defined as follows: 

Piloti(k,l) = 18k +12∙{( l0 +floor(i/2)) mod 2}+5∙{(i + floor(l0/4)) mod 2}
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 15.3.6.4 DL Pilot pattern 4 data streams
For UL LDRU, the pilot structure is used up to 2 data stream. It is shown in Figure 15.3.6.5. When l0
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{0,1,4,5}, where l0 = l mod 6, the pilot subcarrier allocated in the i–th antenna, the l-th OFDMA symbol, and s-th tile is defined as follows:

Piloti(k,l) = 6s +4∙( l0 mod 2)+ i mod 2
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Figure 15.3.6.5 UL pilot pattern for 6x6 tile

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.
15.3.6.4 Uplink Physical Structure for WirelessMAN-OFDMA Support
The AAIF uplink physical structure supports the WirelessMAN-OFDMA system in the manner of both FDM and TDM. Depending on the subchannelization of WirelessMAN-OFDMA, the multiplexing types and rules in UL are defined as  
1. FDM or TDM when the WirelessMAN-OFDMA system operates in AMC mode
When the WirelessMAN-OFDMA system operates in AMC mode, the UL symbol structure, UL subchannelization rule, and UL pilot structure in 15.3.6.1, 15.3.6.2, and 15.3.6.3, respectively, are used for FDM/TDM-based WirelessMAN-OFDMA support. For FDM-based WirelessMAN-OFDMA support, the WirelessMAN-OFDMA and AAIF are multiplexed in UL based on the UL PRU size in 15.3.6.1.

2. FDM or TDM when the WirelessMAN-OFDMA system operates in PUSC mode 

When the WirelessMAN-OFDMA system operates in PUSC mode, the UL symbol structure, UL subchannelization rule, and UL pilot structure in 15.3.6.1, 15.3.6.2, and 15.3.6.3, respectively, are used for TDM-based WirelessMAN-OFDMA support. For FDM-based WirelessMAN-OFDMA support, the UL symbol structure and subchannelization follow the AAIF-PUSC described in 15.3.6.4.1 and 15.3.6.4.2.
15.3.6.4.1 Distributed resource unit for AAIF-PUSC
The AAIF-PUSC tile for consisting of a LDRU in the AAIF-PUSC is two consecutive tiles in WirelessMAN-OFDMA UL PUSC. A LDRU contains six AAIF-PUSC tiles, in which each tile size is 4 subcarriers by Nsym, where Nsym depends on the subframe type. Figure 15.3.6.6 shows the AAIF-PUSC tile structure when a subframe has 6 symbols. 

[image: image8.emf]
Figure 15.3.6.6 Tile structure in AAIF-PUSC 

15.3.6.4.2 Subchannelization for Advanced Air Interface PUSC
A subchannelization for AAIF-PUSC is identical to WirelessMAN-OFDMA uplink PUSC. For a given system bandwidth, total usable subcarriers are allocated to form tiles (four contiguous subcarriers) and every tiles are permuted according to permutation defined in WirelessMAN-OFDMA uplink PUSC. Once subchannelization is done, every subchannel is assigned to either the WirelessMAN-OFDMA system or the AAIF system. 
------------------------------------------------------------End of the Text---------------------------------------------------------
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