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Proposed Text of Uplink Physical Layer Section 

for the IEEE 802.16m Amendment
1 Introduction
UL PHY multi-cell and cell-specific resource mapping is missing in current 802.16m Amendment. There is a harmonized UL PHY contribution [1], where CRU/DRU allocation and tile permutation are still open. Base on [1], we propose detailed descriptions and equations for CRU/DRU allocation and tile permutation. The modifications on [1] are highlighted in section 15.3.6.3.
2 References
[1] IEEE C802.16m-09/0257, “Proposed Text of UL Physical Layer Section for the IEEE 802.16m Amendment”.
3 Text proposal for inclusion in the 802.16m amendment
----------------------------------------------------------- Text Start---------------------------------------------------------
1 Definitions
Insert the following at the end of Section 3.1:
· PRU: Physical Resource Unit, the basic resource allocation unit that consists of 18 adjacent carriers in 6 consecutive symbols (in a same subframe) defined before any permutation.

· DRU: Distributed Resource Unit, the resource allocation unit of the same size as the PRU that has undergone the subband partitioning and miniband permutation, assigned to distributed allocation and will be submitted to the subcarrier permutation in DL and tile permutation in UL. 
· CRU: Contiguous Resource Unit (Localized Resource Unit), the resource allocation unit of the same size as the PRU that has undergone the subband partitioning and miniband permutation, assigned to contiguous allocation and will bypass subcarrier permutation in DL and tile permutation in UL. 
· LRU: Logical Resource Unit, the generic name of logical units for distributed and localized resource allocations. LRU is of same size as PRU.

2 Advanced Air Interface
2.1 Physical Layer

2.1.1 Uplink Physical Structure
Each uplink subframe is divided into 4 (TBD) or fewer frequency partitions; 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 1 illustrates the uplink physical structure in the example of two frequency partitions with frequency partition 2 including both contiguous and distributed resource allocations.
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Figure 1 – Example of uplink physical structure
2.1.1.1 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 and Nsym is 6 for type-1 subframes and 7 for type-2 subframes. A logical resource unit (LRU) is the basic logical unit for distributed and localized resource allocations. An LRU has Psc-by-Nsym subcarriers.
The LRU size for control channel transmission should be same as for data transmission. Multiple users are allowed to share one control LRU. The effective number of data subcarriers in an LRU depends on the number of allocated pilots and control channel presence.
2.1.1.1.1 Distributed Resource Unit
The distributed resource unit (DRU) contains a group of subcarriers which are spread across the distributed resource allocations within a frequency partition. The size of the DRU equals the size of a PRU, i.e., Psc subcarriers by Nsym OFDMA symbols. The minimum unit for forming the DRU is a tile. The uplink tile size is 6-by-Nsym, where the value of Nsym depends on the subframe type.
2.1.1.1.2 Contiguous Resource Unit
The localized resource unit, also known as contiguous resource unit (CRU contains a group of subcarriers which are contiguous across the resource allocations. The size of the CRU equals the size of a PRU, i.e., Psc subcarriers by Nsym OFDMA symbols.
2.1.1.2 Multi-Cell Resource Mapping
The UL resource mapping consists of subband partitioning, miniband permutation and frequency partitioning and is defined in the following.

2.1.1.2.1 Subband Partitioning

The physical PRUs are first divided into subbands and minibands; a subband comprises N1 adjacent PRUs and a miniband N2 adjacent PRUs where N1=4 [or 8 for the 2048 FFT] & N2=1 [or 2 for the 2048 FFT]. Subbands are suitable for frequency selective allocations as they provide a continuous allocation of PRUs in frequency. Minibands are suitable for frequency diverse allocation and are permuted in frequency.
The number of subbands is denoted by KSB. The number of PRUs allocated to subbands is LSB = N1*KSB. A 5-bit (TBD) field called Uplink Subband Allocation Count (USAC) determines the value of KSB. The USAC is transmitted in the BCH. The remaining PRUs are allocated to minibands. The number of minibands in an allocation is denoted by KMB. The number of PRUs allocated to minibands is LMB = N2*KMB. The total number of PRUs is NPRU = LSB + LMB. 

The PRUs are partitioned and reordered into two groups of subband PRUs, PRUSB, and miniband PRUs, PRUMB. The set of PRUSB is numbered from 0 to (LSB-1) and the set of PRUMB from 0 to (LMB-1).

Equation 1 defines the mapping of PRUs into PRUSB’s. Equation 2 defines the mapping of PRUs to PRUMBs. Figure 2 illustrates the PRU to PRUSB’s and PRUMB’s mapping for a 5 MHz bandwidth with SAC equal to 3.
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Eqn. 1



[image: image4.wmf]1

,

,

1

,

0

],

[

]

[

-

=

=

MB

MB

L

k

i

PRU

k

PRU

K

, ……………… Eqn. (2)

[image: image5.emf]0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

PRU

0

1

2

3

4

5

6

7

8

9

10

11

PRU

SB

PRU

MB

0

1

2

3

4

5

6

7

8

9

10

11

(a) PRU to PRU

MB

 Mapping

PRU

0

1

2

3

4

5

6

7

8

9

10

11

PRU

SB

PRU

MB

0

1

2

3

4

5

6

7

8

9

10

11

(b) PRU to PRU

SB

 Mapping

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23


Figure 2 – PRU to PRUSB and PRUMB mapping for BW of 5 MHz and USAC=3

2.1.1.2.2 Miniband Permutation

The miniband permutation maps the PRUMS’s to permuted-PRUMS’s (PPRUMS’s) to insure allocation of frequency diverse PRUs to each frequency partition. Equation 2 provides a mapping from PRUMS’s to PPRUMS’s.


[image: image6.wmf]]

[

]

[

i

PRU

j

PPRU

MB

MB

=

, 
[image: image7.wmf]1

0

-

£

£

MB

L

j







Eqn. 3

[image: image8.emf]0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

PRU

0

1

2

3

4

5

6

7

8

9

10

11

PRU

MB

PRU

SB

0

1

2

3

4

5

6

7

8

9

10

11

0

1

2

3

4

5

6

7

8

9

10

11

PPRU

MB



Figure 3 – Mapping of PRUs to PRUSB’s and PPRUMB’s for BW of 5MHz and USAC=3

2.1.1.2.3 Frequency Partitioning
The PRUSB and PPRUMB are allocated to one or more frequency partitions. By default, only one partition is present. The maximum number of frequency partitions is 4 (TBD). The frequency partition configuration is transmitted in the BCH in a 12-bit composite field called the Uplink Frequency Partition Configuration (UFPC).
The UFPC consists of Frequency Partition Count (FPCT), Frequency Partition Size (FPS) and Frequency Partition Subband Count (FPSC) fields. The FPCT occupies the first 2 bits and defines the number of frequency partitions to be from 1 to 4 (TBD). The FPS occupies the next 6 bits and defines the number of PRUs, in minibands (N2) of PRUs, allocated to FPi for i>0. The FPSC occupies the remaining 4 bits and defines the number of subbands allocated to FPi for i>0.

The number of subbands and minibands in the i-th frequency partition are denoted by KSB,FBi and KMB,FBi respectively.
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Eqn. 4
and
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Eqn. 5
The numbers of subband PRUs and miniband PRUs in each frequency partition are 
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The mapping of subband PRUs and miniband PRUs to the frequency partition i is given in the following equations:
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Eqn. 6
Where 
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Figure 4 depicts the frequency partitioning for BW of 5MHz, USAC=3, FPCT=2, FPS=12 and FPSC=1.
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Figure 4 – Frequency partitioning

2.1.1.3 Cell-Specific Resource Mapping
PRUFPi’s will be mapped to LRUs. All further PRUs and tile permutations will be constrained to the PRUs within the frequency partition.

2.1.1.3.1 CRU/DRU Allocation

The partition between CRUs and DRUs is done on a sector specific basis. DRU allocation is signaled in a two step process.
There are four possible uplink preconfigured allocations signaled in 2 bits:

	Value
	Description

	00
	All PRUFPi’s are allocated to DRUs

	01
	All PRUFPi’s are allocated to CRUs

	10
	All subband PRUs are allocated to CRUs and all miniband PRUs to DRUs 

	11
	The mapping is signaled explicitly


When explicit mapping is indicated, additional 4-bit (TBD) Uplink CRU Allocation Size (UCAS) field is sent in the BCH for each allocated frequency partition. UCASi indicates the number of allocated CRUs for partition FPi in units of subbands.
The number of CRUs in frequency partition i is denoted by 
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Eqn. 7
The number of DRUs in frequency partition i is denoted by
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Eqn. 8
The allocation of CRU and DRU is given by the following equation:
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2.1.1.3.2 Secondary Permutation

Permutation of the secondary permutation will be signaled by a 1-bit secondary permutation field in the BCH.

The details of secondary permutation are FFS.
2.1.1.3.3 Tile Permutation

Each of the DRUs of an UL frequency partition is divided into 3 tiles of 6 adjacent subcarriers over Nsym symbols. The tiles within a frequency partition are collectively inner-permuted to obtain frequency-diversity across the allocated resources. Renumber the tiles of the 
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 in order, from 0 to 3*LDRU,FPi-1. The inner permutation that allocates physical tiles of DRUs to logical tiles of subchannels is performed in the following manner:
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is the tile index of the n-th tile in the s-th distributed LRU

· s

is the distributed LRU index, 0 to 
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is the tile index, 0 to 2, in a distributed LRU.
· 
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is the i-th entry of the permutation sequence of length 
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, which is shown in Table xxx
Table xxx: Basic permutation sequence

	Sequence length
	Basic permutation sequences

	3
	2, 1

	4
	1, 2, 3

	5
	3, 4, 2,1

	6
	TBD

	7
	5, 4, 6, 2, 3,1

	8
	1, 2, 4,3, 6,7, 5  

	9
	1,3, 7, 8, 2,6, 5, 4

	10
	TBD

	11
	8,9, 6, 4,10, 3, 2, 5, 7, 1

	12
	TBD

	13
	11, 4, 5, 3, 7,12, 2, 9, 8, 10, 6, 1

	14
	TBD

	15
	TBD

	16
	1, 2, 4, 8, 3, 6,12, 11, 5,10, 7,14, 15,13, 9

	17
	14, 9, 7, 13, 12, 15, 6, 16, 3, 8, 10, 4, 5, 2, 11,1

	18
	TBD

	19
	15,16, 12, 9, 2,11,13,5,18, 4, 3, 7, 10,17, 8, 6,14,1

	20
	TBD

	21
	TBD

	22
	TBD

	23
	21, 4,15,16, 14,18,10, 3,17,12, 22, 2, 19, 8, 7, 9, 5,13, 20, 6,11,1 

	24
	TBD

	25
	1, 5, 23, 22, 17, 24, 2, 10, 16, 19, 9,18, 4, 20, 7, 8, 13, 6, 3,15,14,11, 21, 12 

	26
	TBD

	27
	1, 3, 9, 5,15, 23,13,17, 20, 4, 12,14, 11, 2, 6, 18, 7, 21, 16, 26, 22, 10, 8, 24, 25, 19

	29
	27, 4, 21, 16, 26, 6, 17, 24,10, 9,11, 7,15, 28, 2, 25, 8,13, 3, 23,12, 5, 19, 20,18,22,14,1

	30
	TBD

	31
	1,3, 9, 27,19, 26, 16, 17, 20, 29, 25, 13, 8, 24, 10,30, 28, 22, 4,12, 5, 15, 14, 11, 2, 6,18, 23, 7, 21

	32
	1, 2, 4, 8,16, 15, 30,19, 9, 18, 11, 22, 3, 6,12, 24, 31, 17, 13, 26, 27, 25, 29, 21, 5, 10, 20, 7, 14, 28, 23
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Eqn. 9
where

Tiles(s,n,t) is the tile index of the n-th tile in the s-th distributed LRU of the t-th subframe.
n is the tile index, 0 to 2, in a distributed LRU.

t is the subframe index with respect to the frame.
s is the distributed LRU index, 0 to LDRU, FP,i-1.
2.1.1.3.4 Logical Resource Unit Mapping

Both contiguous and distributed LRUs are supported in the uplink. The CRUs are directly mapped into contiguous LRUs. Precoding and/or boosting applied to the data subcarriers will also be applied to the pilot subcarriers. The DRUs are permuted as described in Section ‎15.3.6.3.3 to form distributed LRUs.
------------------------------------------------------------Text End---------------------------------------------------------
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