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Introduction

As a decision from the IM DG, a seperate subteam is formed to address the PHY and FFR jointly related issues with the goal to produce a clean-up version of AWD PHY Structure proposal. The proposal will refine the current AWD PHY structure related text and include decisions made by the group related to the PHY signaling, overhead reduction, text clean up, etc. 

Plenty of discussions in the IM DG related to the PHY Structure related signaling by both emails and conference calls. Those signalings are mainly related to different frequency partitions, CRU/DRU partition, signaling overhead reduction, etc.  The final decisions are captured in this proposal.
This contribution provides updated amendment text for the DL physical structure in the Advanced Air Interface to be included in Section 15 of the IEEE 802.16m Amendment Working Document [1]. The proposed update is developed so that it can be readily combined with IEEE 802.16m-09/0010r2 [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]. 
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Proposed Amendment Text

The following text (including tables and figures) is proposed to replace the current contents of Chapter 15.3.5 of the IEEE 802.16m Amendment Working Document [1].
[  ------------------- Proposed Text Starts --------------------]
15.3.5 Downlink physical structure
15.3.5 Downlink physical structure
Each downlink subframe is divided into 4 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) or multicast and broadcast services (MBS). Figure 449 illustrates the downlink physical structure in the example of two frequency partitions with frequency partition 2 including both contiguous and distributed resource allocations, where Sc stands for subcarrier.
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Figure 449—Example of downlink physical structure



15.3.5.1 Physical and logical resource unit

A physical resource unit (PRU) is the basic physical unit for resource allocation that comprises Psc consecu​tive subcarriers by Nsym consecutive OFDMA symbols. Psc is 18 subcarriers and Nsym is 6, 7, and 5 OFDMA symbols for type-1, type-2, and type-3 subframes, respectively. A logical resource unit (LRU) is the basic logical unit for distributed and localized resource allocations. An LRU is Psc·Nsym subcarriers for type-1 subframes, type-2 subframes, and type-3 subframes. The LRU includes the pilots (as defined in 15.3.5.4) that are used in a PRU. The effective number of subcar​riers in an LRU depends on the number of allocated pilots.
15.3.5.1.1 Distributed logical resource unit
The distributed logical resource unit (DLRU) contains a group of subcarriers that are spread across the distributed resource allocations within a frequency partition. The size of the DRU equals the size of PRU, i.e., Psc sub​carriers by Nsym OFDMA symbols. The minimum unit for forming the DLRU is equal to a pair of subcarriers, called tone-pair, as defined in (15.3.5.3.2). The DLRUs are obtained by subcarrier permuting the distributed resource units (DRUs).
15.3.5.1.2 Contiguous logical resource unit
The localized logical resource unit, also known as contiguous logical resource unit (CLRU) contains a group of subcarriers that are contiguous across the localized resource allocations. The size of the CLRU equals the size of the PRU, i.e., Psc subcarriers by Nsym OFDMA symbols.  The CLRUs are obtained from direct mapping of contiguous resource units (CRUs). Two types of CLRUs are supported according to the two types of CRUs, i.e. subband and miniband based CRUs.
15.3.5.2 Multi-cell resource mapping
15.3.5.2.1 Subband partitioning
The PRUs are first subdivided into subbands and minibands where a subband comprises of N1 adjacent PRUs and a miniband comprises of N2 adjacent PRUs, where N1=4 and N2=1.  Subbands are suitable for frequency selective allocations as they provide a contiguous 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 denoted by LSB, where LSB = N1· KSB. A 5, 4 or 3-bit field called Downlink Subband Allo​cation Count (DSAC) determines the value of KSB depending on system bandwidth. The DSAC is trans​mitted in the SFH. 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 denoted by LMB, where LMB = N2· KMB.  The total number of PRUs is denoted as NPRU where NPRU = LSB + LMB. The maximum number of subbands that can be formed is denoted as Nsub where 
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Tables 649 through 651 show the mapping between DSAC and KSB for the 20MHz, 10MHz, and 5MHz bands, respectively.
Table 649—Mapping between DSAC and KSB for 20MHz
	DSAC
	# of subbands allocated (KSB)
	DSAC
	# of subbands allocated (KSB)

	0
	0
	16
	16

	1
	1
	17
	17

	2
	2
	18
	18

	3
	3
	19
	19

	4
	4
	20
	20

	5
	5
	21
	21

	6
	6
	22
	N. A.

	7
	7
	23
	N. A.

	8
	8
	24
	N. A.

	9
	9
	25
	N. A.

	10
	10
	26
	N. A.

	11
	11
	27
	N. A.

	12
	12
	28
	N. A.

	13
	13
	29
	N. A.

	14
	14
	30
	N. A.

	15
	15
	31
	N. A.


Table 650—Mapping between DSAC and KSB for 10MHz
	DSAC
	# of subbands allocated (KSB)
	DSAC
	# of subbands allocated (KSB)

	0
	0
	8
	8

	1
	1
	9
	9

	2
	2
	10
	N. A.

	3
	3
	11
	N. A.

	4
	4
	12
	N. A.

	5
	5
	13
	N. A.

	6
	6
	14
	N. A.

	7
	7
	15
	N. A.


Table 651—Mapping between DSAC and KSB for 5MHz
	DSAC
	# of subbands allocated (KSB)
	DSAC
	# of subbands allocated (KSB)

	0
	0
	4
	N. A.

	1
	1
	5
	N. A.

	2
	2
	6
	N. A.

	3
	3
	7
	N. A.


PRUs are partitioned and reordered into two groups: subband PRUs and miniband PRUs, denoted by PRUSB and PRUMB, respectively.  The set of PRUSB is numbered from 0 to (LSB  – 1). The set of PRUMB are num​bered from 0 to (LMB – 1). Equation (174) defines the mapping of PRUs to PRUSBs. Equation (176) defines the mapping of PRUs to PRUMBs. Figure 450 illustrates the mapping from PRU to PRUSB and PRUMB for a 10 MHz bandwidth with KSB equal to 7.
[image: image3.jpg]PRUg[j] = PRU[i]y = 0,1,...,Lg—1
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where:
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    (175)

where {x} mod {y} is modulus when dividing x by y, and GCD(x,y) is the greatest common divisor of x and y.
[image: image5.jpg]PRU,;g[k] = PRU[i];k = 0,1, ..., Ly 5 -1









    (176)
where:
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[image: image7.emf]PRU

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

PRUSB

0

1

2

3

8

9

10

11

16

17

18

19

24

25

26

27

32

33

34

35

40

41

42

43

4

5

6

7

12

13

14

15

20

21

22

23

28

29

30

31

36

37

38

39

44

45

46

47

PRUMB


Figure 450 -  PRU to PRUSB  and PRUMB mapping for BW=10 MHz, KSB=7.
15.3.5.2.2 Miniband permutation
The miniband permutation maps the PRUMBs to Permuted PRUMBs (PPRUMBs) to insure frequency diverse PRUs are allocated to each frequency partition. Equation (178) describes the mapping from PRUMB to PPRUMBs:
[image: image8.jpg]PPRU;[j1 = PRUylE17 = 0,1, .00, Lyp—1
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where:
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[image: image10.jpg]P = min(Kyz N/ Ny)
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[image: image11.jpg]r(j) = max(j - (Kyzmod(P)- D), 0)
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Figure 451 depicts the mapping from PRUs to PRUSB and PPRUMB.
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Figure 451 - Mapping from PRUs to PRUSB  and PPRUMB  for BW=10 MHz, KSB=7.
15.3.5.2.3 Frequency partitioning
The PRUSBs and PPRUMBs are allocated to one or more frequency partitions.  By default, only one partition is present. The maximum number of frequency partitions is 4. The frequency partition configuration is trans​mitted in the SFH in a 4 or 3-bit field called the Downlink Frequency Partition Configuration (DFPC) depending on system bandwidth. The Frequency Partition Count (FPCT) defines the number of frequency partitions. The Fre​quency Partition Size (FPSi) defines the number of PRUs allocated to FPi. FPCT and FPSi are determined from DFPC as shown in Table 652 through Table 654. A 3, 2, or 1-bit called the Downlink Frequency Partition Subband Count (DFPSC) defines the number of subbands allocated to FPi, i>0.
Table 652—Mapping between DFPC and frequency partitioning for 20MHz

	DFPC
	Freq. Partitioning
(FP0:FP1:FP2:FP3)
	FPCT
	FPS0
	FPSi (i>0)

	0
	1 : 0 : 0 : 0
	1
	NPRU
	0

	1
	0 : 1 : 1 : 1
	3
	0
	NPRU * 1/3

	2
	1 : 1 : 1 : 1
	4
	NPRU * 1/4
	NPRU * 1/4

	3
	3 : 1 : 1 : 1
	4
	NPRU * 1/2
	NPRU * 1/6

	4
	5 : 1 : 1 : 1
	4
	NPRU * 5/8
	NPRU * 1/8

	5
	9 : 1 : 1 : 1
	4
	NPRU * 9/12
	NPRU * 1/12

	6
	9 : 5 : 5 : 5
	4
	NPRU * 3/8
	NPRU * 5/24

	7-15
	Reserved
	
	
	


Table 653—Mapping between DFPC and frequency partitioning for 10MHz

	DFPC
	Freq. Partitioning
(FP0:FP1:FP2:FP3)
	FPCT
	FPS0
	FPSi (i>0)

	0
	1 : 0 : 0 : 0
	1
	NPRU
	0

	1
	0 : 1 : 1 : 1
	3
	0
	NPRU * 1/3

	2
	1 : 1 : 1 : 1
	4
	NPRU * 1/4
	NPRU * 1/4

	3
	3 : 1 : 1 : 1
	4
	NPRU * 1/2
	NPRU * 1/6

	4
	5 : 1 : 1 : 1
	4
	NPRU * 5/8
	NPRU * 1/8

	5
	9 : 5 : 5 : 5
	4
	NPRU * 3/8
	NPRU * 5/24

	6-7
	Reserved
	
	
	


Table 654—Mapping between DFPC and frequency partitioning for 5MHz

	DFPC
	Freq. Partitioning
(FP0:FP1:FP2:FP3)
	FPCT
	FPS0
	FPSi (i>0)

	0
	1 : 0 : 0 : 0
	1
	NPRU
	0

	1
	0 : 1 : 1 : 1
	3
	0
	NPRU * 1/3

	2
	1 : 1 : 1 : 1
	4
	NPRU * 1/4
	NPRU * 1/4

	3
	3 : 1 : 1 : 1
	4
	NPRU * 1/2
	NPRU * 1/6

	4
	9 : 5 : 5 : 5
	4
	NPRU*3/8
	NPRU*5/24

	5-7
	Reserved
	
	
	


The number of subbands in ith frequency partition is denoted by KSB,FPi. The number of minibands is denoted by KMB,FPi, which is determined by the FPSi and DFPSC fields. The number of subband PRUs in each frequency partition is denoted by LSB,FPi, which is given by LSB,FPi = N1·KSB,FPi. The number of miniband PRUs in each frequency partition is denoted by LMB,FPi, which is given by LMB,FPi = N2·KMB,FPi. The number of subbands for each frequency partition when FPCT = 1 or FPCT = 4, is given by equation (183).
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When DFPC = 1 and FPCT = 3, the number of subbands in FPi (for i>0) is given by KSB,FPi = DFPSC. The number of minibands for each frequency partition is given by equation (184).
[image: image15.jpg]Ky rp, = (FPS,—Kgg pp, " N)/N,  0<i<FPCT
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The mapping of subband PRUs and miniband PRUs to the frequency partition i is given by Equation (185):
[image: image16.jpg]PRU5(ky) for0 <j< LSB, e,
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where
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Figure 452 depicts the frequency partitioning for BW=10MHz, KSB=7, FPCT=4, FPS0=FPSi=12, and DFPSC=2.
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Figure 452 - Frequency partition for BW=10 MHz, KSB=7, FPCT=4, FPS0= FPSi=12, DFPSC=2
15.3.5.3 Cell-specific resource mapping

PRUFPis are mapped to LRUs.  All further PRU and subcarrier permutation are constrained to the PRUs of a frequency partition.
15.3.5.3.1 CRU/DRU allocation
The partition between CRUs and DRUs is done on a sector specific basis. Let LSB,FPi and LMB,FPi denote the numbe of allocated subband CRUs and miniband CRUs for FPi (i > 0). The number of total allocated subband and miniband CRUs, in units of a subband (i.e. N1 PRUs), for FPi (i > 0) is given by the downlink CRU allocation size, DCASi. The numbers of subband-based and miniband-based CRUs in FP0  are given by DCASSB,0 and DCASMB,0, in units of a subband and miniband, respectively. 

For FP0​, the value of DCASSB,0 is explicitly signaled in the SFH as a 5, 4 or 3-bit field. For FPi (for i>0), DCASSB,i = KSB,FPi. That is, all subbands for the reuse-3 frequency partitions are assigned for CRU allocation. A 5, 4 or 3-bit Downlink miniband-based CRU allocation size (DCASMB) is sent in the SFH only for partition FP0, depend​ing on system bandwidth. The number of subband-based CRUs for FP0 is given by the equation (XXX). DCASMB indicates the number of allocated miniband-based CRUs for partition FP0. 
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The mapping between DCASMB,0 and the number of miniband-based CRUs for FP0 is shown in the Tables xx through zz for system bandwidths of 20MHz, 10MHz, and 5MHz respectively.

Table xx - Mapping between DCASMB,0 and number of miniband-based CRUs for FP0 for 20MHz
	DCASMB,0
	# of miniband-based CRU for  FP0 (i.e. LMB,FP0) 
	DCASMB,0
	# of miniband-based CRU for FP0 (i.e. LMB,FP0)

	0
	0
	16
	16

	1
	1
	17
	17

	2
	2
	18
	18

	3
	3
	19
	19

	4
	4
	20
	20

	5
	5
	21
	21

	6
	6
	22
	22

	7
	7
	23
	23

	8
	8
	24
	24

	9
	9
	25
	28

	10
	10
	26
	32

	11
	11
	27
	36

	12
	12
	28
	40

	13
	13
	29
	44

	14
	14
	30
	48

	15
	15
	31
	52


Table yy - Mapping between DCAS MB,0 and number of miniband-based CRUs for FP0 for 10MHz
	DCASMB,0
	# of miniband-based CRU for FP0 (i.e. LMB,FP0) 
	DCASMB,0
	# of miniband-based CRU for FP0 (i.e. LMB,FP0) 

	0
	0
	8
	8

	1
	1
	9
	9

	2
	2
	10
	10

	3
	3
	11
	11

	4
	4
	12
	12

	5
	5
	13
	16

	6
	6
	14
	20

	7
	7
	15
	24


Table zz - Mapping between DCAS MB,0 and number of miniband-based CRUs for FP0 for 5MHz
	DCASMB,0
	# of miniband-based CRU for FP0 (i.e. LMB,FP0) 
	DCASMB,0
	# of miniband-based CRU for FP0 (i.e. LMB,FP0) 

	0
	0
	4
	4

	1
	1
	5
	6

	2
	2
	6
	8

	3
	3
	7
	10


For FPi (i > 0), only one value for DCASi is explicitly signaled for all i > 0, in the SFH as a 3, 2 or 1-bit field to signal the same numbers of allocated CRUs for FPi (i>0). 
For FPi (i > 0), the number of subband CRUs (LSB,FPi)and miniband CRUs (LMB,FPi) are derived using equations XYZ and YYZ respectively.
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The total number of CRUs in frequency partition FPi, for 0 ≤ i < FPCT, is denoted by LCRU,FPi, where
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The number of DRUs in each frequency partition is denoted by LDRU,FPi, where
[image: image24.jpg]Lpry,rp, = FPS;=Lepy, pp for0<i <FPCT




and FPSi is the number of PRUs allocated to FPi.
The mapping from PRUFPi to CRUFPi (for 0 ≤ i < FPCT) is given by:
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where k = s[j -– LSB,FPiDCASSB,i · N1]. 

s[] is the CRU/DRU allocation sequence defined in Equation (188) and 0 ≤ s[j] < FPSi -DCASSB,i · N1.
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In Equation (188), PermSeq() is the permutation sequence of length (FPSi-DCASSB,i·N1) and is determined by SEED = {IDcell*343} mod 210. The permutation sequence is generated by the random sequence generation algorithm specified in Section 15.3.5.3.3. DL_PermBase is an integer ranging from 0 to 31(TBD), which is set to preamble IDcell.
The mapping of PRUFPi to DRUFPi is given by:
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where k = s[j + LCRU,FPi -LSB,FPi DCASSB,i · N1].
Figure xxx presents an example to illustrate the various steps of subband partitioning, miniband permutation, frequency partitioning, and CRU/DRU allocation for the case of 10MHz system bandwidth. For this example, KSB = DSAC = 7, FPCT = 4, FPSi = 12 (for i≥0), DFPSC = 2, DCASSB,0 = 1,  DCASMB,0 = 2, and DCASi=2.
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Figure xxx - CRU/DRU allocation for BW=10 MHz, KSB = DSAC = 7, FPCT = 4, FPSi = 12 (for i≥0), DFPSC = 2, DCASSB,0 = 1,  DCASMB,0 = 2, and DCASi=2
15.3.5.3.2 Subcarrier permutation
The subcarrier permutation defined for the DL distributed resource allocations within a frequency partition spreads the subcarriers of the DRU across the whole distributed resource allocations. The granularity of the subcarrier permutation is equal to a pair of subcarriers.
After mapping all pilots, the remaining used subcarriers are used to define the distributed LRUs. To allocate the LRUs, the remaining subcarriers are paired into contiguous tone-pairs. Each LRU consists of a group of tone-pairs. 
Let LSC,l denote the number of data subcarriers in lth OFDMA symbol within a PRU, i.e., LSC,l = Psc - nl, where nl denotes the number of pilot subcarriers in the lth OFDMA symbol within a PRU. Let LSP,l denote the number of data subcarrier-pairs in the lth OFDMA symbol within a PRU and is equal to LSC,l/2. The per​mutation sequence PermSeq() is defined in Section 15.3.5.3.3. The DL subcarrier permutation is performed as follows:
For each lth OFDMA symbol in the subframe:
1)
Allocate the nl pilots within each DRU as described in section 15.3.5.4. Denote the data subcarriers of DRUFPi[j] in the lth OFDMA symbol as 
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2)
Renumber the LDRU, FPi · LSC,l data subcarriers of the DRUs in order, from 0 to LDRU,,FPi · LSC,l - 1. Group these contiguous and logically renumbered subcarriers into LDRU,FPi · LSP,l pairs and renum​ber them from 0 to LDRU,FPi · LSP,l - 1. The renumbered subcarrier pairs in the lth OFDMA symbol are denoted by RSPFPi,l.
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3)
Apply the subcarrier permutation formula Equation (190) to map RSPFPi,l into the sth distributed LRUs s = 0,1,..., LDRU,FPi - 1. The subcarrier permutation formula is given by
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where
—
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 is the mth subcarrier pair in the lth OFDMA symbol in the sth distributed LRU of the tth subframe
—
m is the subcarrier pair index, 0 to LSP,l-1
—
l is the OFDMA symbol index, 0 to Nsym-1
—
s is the distributed LRU index, 0 to LDRU,FPi-1
—
PermSeq() is the permutation sequence of length LDRU,FPi and is determined by SEED={IDcell*343} mod 210. The permutation sequence is generated by the random sequence generation algorithm specified in Section 15.3.5.3.3
—
g(PermSeq(),s,m,l) is a function with value from the set [0, LDRU,FPi-1], which is defined according to Equation (191)

—
f(m,s)=(m+13*s) mod LSP,l.
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15.3.5.3.3 Random sequence generation
The permutation sequence generation algorithm with 10-bit SEED (Sn-10, Sn-9,…,Sn-1) generates a per​mutation sequence of size M as described below:
1)
Initialization
a)
Initialize the variables of the first order polynomial equation with the 10-bit seed, SEED. Set d1 = floor(SEED/25) + 1 and d2 = SEED mod 25.
b)
Initialize the maximum iteration number, N=4.
c) 
Initialize an array A with size M with the numbers 0, 1, … , M-1 (i.e. A[0]=0, A[1]=1, … , A[M-1]=M-1).
d)
Initialize the counter i to M-1.
e)
Initialize x to -1.

2)
Repeat the following steps if i > 0
a)
Initialize the counter j to 0.
b)
Increment x and j by 1.
c)
Calculate the output variable of y = {(d1*x + d2) mod 1031} mod M.
d)
Repeat the above steps 2.b and 2.c if y ≥ i and j<N.
e)
If y ≥ i, set y = y mod i.
f)
Swap A[i] and A[y].
g)
Decrement i by 1.

3)
PermSeq[i] = A[i], where 0 ≤ i < M.
15.3.5.3.5 Formation of MLRU
To form MLRUs for the assignment A-MAP,

1)
Renumber all tone pairs in the distributed LRUs in the A-MAP region in a time first manner. Assuming that each LRU has LSP tone-pairs per symbol, the renumbered A-MAP tone-pairs are denoted by RMP[u], where u ranges from 0 to LAMAP · Nsym · LSP - 1. 
LAMAP is the number of LRU allocated to the A-MAP.
2)
A distributed tone-pair, 
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is the tone-pair index of the mth tone-pair in the lth OFDMA symbol in the sth distributed LRU of frequency partition i as defined in Section 15.3.5.3.2.
3)
Suppose RMP[v] is the first tone-pair for allocation A-MAP. The kth MLRU is formed by tone-pairs from RMP[v + k · NMLRU / 2] to RMP[v + (k+1) · NMLRU / 2 - 1], where NMLRU is the size of an MLRU.
15.3.5.3.6 Logical Resource Unit Mapping
Both contiguous and distributed LRUs are supported in the downlink. The CRUs are directly mapped into contiguous LRUs, including subband LRUs and miniband LRUs. The DRUs are permuted as described in 15.3.5.3.2 to form distributed LRUs.
15.3.5.4 Pilot structure
The transmission of pilot subcarriers in the downlink is necessary for enabling channel estimation, measure​ments of channel quality indicators such as the SINR, frequency offset estimation, etc. To optimize the sys​tem performance in different propagation environments and applications, IEEE 802.16m supports both common and dedicated pilot structures. 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 distributed allocations. 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 precoded or beamformed in the same way as the data subcarriers of the resource allocation. The pilot structure is defined for up to eight transmission (Tx) streams and there is a unified pilot pattern design for common and dedi​cated 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, within the same subframe there is equal number of pilots for each PRU of a data burst assigned to one MS.
15.3.5.4.1 Pilot patterns
Pilot patterns are specified within a PRU.
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Figure 453—Pilot patterns used for 1 DL data stream
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Figure 454—Pilot patterns used for 2 DL data streams




Base pilot patterns used for one and two DL data streams in dedicated and common pilot scenarios are shown in Figure 453 and Figure 454 respectively, with the subcarrier index increasing from top to bottom and the OFDM symbol index increasing from left to right. The numbers on the pilot locations indicate the stream they correspond to. Subfigure (a) and Subfigure (b) in Figure 454 are used on DL data stream 1 and DL data stream 2, respectively, where ‘X’ stands for the null symbol, which means that no pilot or data is allocated on that time-frequency resource.
The interlaced pilot patterns are generated by cyclic shifting the base pilot patterns. The interlaced pilot pat​terns are used by different BSs for one and two streams. Interlaced pilot patterns for one stream is shown in Figure 455 and interlaced pilot patterns on stream 0 and stream 1 for two streams are shown in Figure 456and Figure 457, respectively. Each BS chooses one of the three pilot pattern sets (pilot pattern set 0, 1, and 2) as shown in Figure 455 and Figure 456. The index of the pilot pattern set used by a particular BS with Cell_ID = k is denoted by pk. The index of the pilot pattern set is determined by the Cell_ID according to the following equation:
[image: image43.jpg]p, = mod(k,3)




For the subframe consisting of 5 symbols, the last OFDM symbol in each pilot pattern set shown in Figure 454 is deleted. For the subframe consisting of 7 symbols, the first OFDM symbol in each pilot pattern set shown in Figure 454 is added as 7th symbol.
[image: image44.jpg]18 contiguous subcarriers

6 symbols

Pilot Pattern Set 0 Pilot Pattern Set 1 Pilot Pattern Set 2

Figure 455—Interlaced pilot patterns for 1 pilot stream
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Figure 456—Interlaced pilot patterns on stream 0 for 2 data streams
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Figure 457—Interlaced pilot patterns on stream 1 for 2 data streams




The pilot patterns on stream 0 - stream 3 for four pilot streams are shown in Figure 458 through Figure 461— respectively, with the subcarrier index increasing from top to bottom and the OFDM symbol index increasing from left to right. Subfigure (a) in Figure 458 through Figure 461— show the pilot pattern for four pilot streams in subframe with six OFDM symbols; Subfigure (b) in Figure 458 through Figure 461—show the pilot pattern for four pilot streams in subframe with five OFDM symbols; Subfigure (c) in Figure 458 through Figure 461— show the pilot pattern for four pilot streams in subframe with seven OFDM symbols.
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Figure 458—Pilot patterns on stream 0 for 4 data streams
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Figure 459 – Pilot patterns on stream 1 for 4 data streams
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Figure 460—Pilot patterns on stream 2 for 4 data streams
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Figure 461—Pilot patterns on stream 3 for 4 data streams




The pilot patterns for eight pilot streams are shown in Figure 462— with the subcarrier index increasing from top to bottom and the OFDM symbol index increasing from left to right. Subfigure (a) in Figure 462—shows the pilot pattern for eight pilot streams in subframewith six OFDM symbols; Subfigure (b) in Figure 462 shows the pilot pattern for eight pilot streams in subframewith five OFDM symbols; Subfigure (c) in Figure 462 shows the pilot pattern for eight pilot streams in subframewith seven OFDM symbols.
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Figure 462 – Pilot patterns for 8 data streams
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