3GPP TSG RAN WG1 Meeting #63
                                                                     R1-106088 
Jacksonville, USA, 15th - 19th November, 2010
Source:
Panasonic
Title: 
Mapping of physical resources to R-PDCCH
Agenda Item:
 6.6.1 
Document for:
Discussion/Decision
1 Introduction
In RAN1 61bis meeting, followings are agreed.

For R-PDCCH interleaving with CRS, the following are both supported by the specifications: 

· Rel-8 based REG-level interleaving where the (RN specific) set of semi-statically assigned PRBs determines the virtual system bandwidth used for blind decoding

· A limited set of not more than 18 interleaving depths (measured in number of PRBs) is supported (in total for UL and DL)

· Exact set is FFS

· Each RN searches only one set of assigned PRBs for R-PDCCHs

· No interleaving across R-PDCCHs in a PRB (sometimes referred to as PRB-level interleaving)

· (same as DMRS “mode 2”)

· Optionality from implementation perspective will be discussed separately.
In RAN1 62 meeting, followings are agreed.
· For Mode 2 and Mode 1-1*:

· For R-PDCCH, the REs in a PRB for R-PDCCH should discount at least those used for CRS and/or CSI-RS.

· Baseline is that R-PDCCH uses QPSK with the same Rel-8 convolutional coding.

· For Mode 1-1*:

· The same Rel-8 CCE is used, i.e. 9 REGs

· The same Rel-8 REG design should be used, i.e. in frequency domain in one OFDM symbol
This document discusses mapping of physical resources to R-PDCCH.
2 Discussion

2.1 R-CCE size
In interleaving case, (R-)CCE size is fixed on 9 REGs (36REs).In no interleaving case, R-CCE can be defined as a PRB. In this case, R-CCE size should be variable. In order to define a fixed R-CCE size, R-CCE size should be the smallest size to allow for the worst case scenario. The number of REs in PRB depends on the CRS antenna port (0 (MBSFN subframe),1,2,4 antenna ports), DM-RS (0REs, 12REs, 24REs), CSI-RS insertion (0, 2, 4, 8 antenna ports), CP length (Normal CP, Extended CP), DL Timing (case1, case3). In DL grant, minimum size is 24REs and maximums size is 46REs without CSI-RS insertion on 1st slot. In UL grant with DL timing case1, minimum size is 44REs with CSI-RS insertion and maximums size is 80 REs without CSI-RS insertion. The operation with the smallest size of R-CCE is not efficient to decode DL grant and UL grant. On the other hand, in order to reduce test, we should consider to limit granularity of R-CCE size. We consider following four R-CCE size with 8 REs granularity. We think 16 REs granularity would be a bit large as the granularity.
DL grant : 20REs, 28REs, 36REs, 44REs.

UL grant : 48REs, 56REs, 64REs, 72REs
Table 1 in Appendix show the number of REs for DL grant and UL grant. Note that the minimum size of 20REs for DL grant can not support 8CSI-RS ports with DM-RS and the minimum size of 48REs for UL grant can not support 8CSI-RS ports with DM-RS and 4 CRS ports on extended CP. 
On the other side, when CSI-RS insertion on 1st slot is not allowed, minimum size of DL grant can set 24 REs.
DL grant: 24REs, 28RE, 36REs, 44REs.
In this case, R-CCE sizes are not aligned with 8 REs granularity. However, we consider 44REs and 36REs are often used since 44REs of DL grant is suitable for 2CRS port without DM-RS on normal CP and 36REs of DL grant is suitable for 24REs DM-RS without CRS on normal CP.
2.2 REG design

In PDCCH, the mapping to resource elements is defined by operations on quadruplets of complex-valued symbols. The block of quadruplets is permuted according to the sub-block interleaver. The permutated block of quadruplets is cyclically shifted depending on Cell ID. The permutation and the cyclic shift have effect to randomize inter cell interference. Then, the block of quadruplets is mapped to REG with time first mapping for efficient power utilization at eNB. In the PDCCH region, 4 REs in a quadruplet of complex-valued symbols are ensured to be within one OFDM symbol and it fits well for SFBC. Whether quadruplets of complex-valued symbols are one unit for the mapping or not depends on Tx diversity scheme for R-PDCCH and the antenna ports used for R-PDCCH. Note that PDCCH is transmitted on the same set of antenna port as the PBCH for initial access perspective. R-PDCCH is not required to have such restriction. In addition, it is better to avoid to mix SFBC and STBC. 
In CRS case, the same Rel-8 REG design should be used, i.e. in frequency domain in one OFDM symbol. 
In DMRS case, the REG design should be modified since the Rel-8 REG design did not consider DM-RS REs. In RAN1 reflector, the necessity of higher layer signalling is discussed to indicate whether antenna ports {7, 8} or {7, 8, 9, 10} for 1st slot. For 2nd slot, antenna ports {7, 8} always assumed for UL grant. If it was agreed, the number of REs for DL grant depends on the number of antenna ports. When REG size consist of four REs aligned with CRS, In case of antenna ports {7, 8} (Rank <3), the symbol #5,#6,#12,#13 have 9REs for R-PDCCH in 1st slot and 2nd slot. The symbol #5,#6,#12,#13 consist of two REGs and one RE is not used for R-PDCCH as shown in Fig1(a). In case of antenna ports {7, 8, 9, 10} (Rank >=3) in 1st slot, symbol #5,#6 have 6REs for R-PDCCH. The symbol #5,#6 consist of one REG and two REs are not used for R-PDCCH as shown in Fig1(b). When REG size is 2 REs, In antenna ports {7, 8} in 1st slot and 2nd slot, the symbol #5,#6,#12,#13 consist of four REG and one RE is not used for R-PDCCH as shown in Fig2(a). In antenna ports  {7, 8, 9, 10} in 1st slot, the symbol #5,#6 consist of three REG as shown in Fig2(b). Two REs are sufficient with SFBC of 2 antenna ports. More than 2 ports diversity (rank 1 using 3 or 4 antenna port) via SFBC-FSTD would not be necessary for R-PDCCH. If the diversity is required, to use different precoding in different PRBs can be used as it is based on DM-RS 12REs/PRB pair of DM-RS case has more REs for R-PDCCH than it of 24REs/PRB pair of DM-RS case. 
 [image: image1.emf]R1

R0

R1

R0

R0

R1

R0

R1

10

0

14

7

1

15

8

2

16

9

3

11

4

12

5

13

6

R0

R

1

R0

R

1

R0

R1

R0

R1

R1

R0

R1

R0

R0

R1

R0

R1

8

4

0

5

1

10

0

14

7

1

15

8

2

16

9

3

11

4

R0

R

1

R0

R

1

R0

R1

R0

R1

6

4

0

5

1

R

B

R

B

Time (OFDM symbols)

#0

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

Time (OFDM symbols)

#0

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

6

2

7

3

12

5

13

6

2 3


                  (a)  12REs/PRB pair of DM-RS                                            (b) 24REs/PRB pair of DM-RS     

Fig. 1 REG design for R-PDCCH with REG size of 4REs
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                  (a)  12REs/PRB pair of DM-RS                                              (b) 24REs/PRB pair of DM-RS     

Fig. 2 REG design for R-PDCCH with REG size of 2REs
2.3 Mapping of physical resources to R-PDCCH
Interleaving across R-PDCCHs case

In interleaving across R-PDCCH, virtual system band is defined as R-PDCCH resource. In virtual system band, it is better to minimize the modification from Rel.8 PDCCH. We propose to use interleaving and the cyclic shift with cell ID. Interleaving would be effective to randomize inter cell interference and effective power utilization at eNB. After the interleaving, similar to Rel 8, time first mapping can be used. In this mapping rule like a PDCCH, 
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REGs is un-used for R-CCE in a virtual system bandwidth set. 
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 is the number of resource-element groups in the virtual system bandwidth. Fig. 3 shows time first mapping on virtual system band width using quadruplets of complex-valued symbols as one unit size as example. In this figure, the size of virtual band width is 2RBs, the number of CRS antenna port is 2. The number of REGs for DL grant is 22 and for UL grant is 38. 4REGs are un-used for DL grant and 2 REGs are un-used for UL grant. 
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Fig. 3 timing first mapping for inter leaving across R-PDCCHs
No interleaving across R-PDCCHs case

In spite of no-interleaving, mapping rule to a PRB is necessary. We think to apply interleaving in a PRB and to map time first in a PRB has the benefit for the commonality with interleaving case. Fig.4 (a) shows approach 1 of time first mapping on a PRB. In this figure, the number of CRS antenna port is 2 and REG size is 4 REs. The number of REGs for DL grant is 11 and for UL grant is 19 on a PRB. When R-CCE size is 11REGs (44REs) for DL grant and 18REGs (72REs) for UL grant with flexible CCE size, 1 REGs per PRB is un-used for UL grant. However, in this approach 1, location of un-used PRB is same among PRBs. It is not effective for power utilization at eNB. Fig.4 (b) shows approach 2 of time first mapping on a PRB. In approach 2, the start of mapping REG location is shifted depending on the RBG to distribute the OFDM symbol of un-used REG. We think to shift the start of mapping location is useful.
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            (a) approach 1                                                                                        (b) approach 2
Fig. 4 time first mapping for no inter leaving across R-PDCCHs
Frequency first mapping is proposed for R-PDCCH to RE mapping [1]. If 8 REs granularity of R-PDCCH is supported, locations of un-used REGs are last symbol. It is not effective for power utilization at eNB. In addition, Frequency first mapping has no commonality with rel.8 PDCCH and R-PDCCH with interleaving. Pros and cons of frequency-first mapping should be further clarified before a decision is taken.
3 Summary

We proposed following properties.
· R-CCE size

· No interleaving across R-PDCCHs

· DL grant : 20REs, 28RE, 36REs, 44REs.
· UL grant : 48REs, 56REs, 64REs, 72REs
· Mapping of physical resources to R-PDCCH
· 2 REs is sufficient for REG size for no-interleaving case.
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Appendix
Table 1 The number of REs on DL grant and UL grant

	

	
	1st slot
	2nd slot

	
	
	Normal CP
	Extended CP
	Normal CP
	Extended CP

	
	CRS
	DMRS
	insertion REs
	REs
	DMRS
	insertion REs
	REs
	DMRS
	insertion REs
	REs
	DMRS
	insertion REs
	REs

	CSI-RS 0
	Port0
	
	2
	46
	
	2
	34
	
	4
	80
	
	4
	68

	
	Port0,1
	
	4
	44
	
	4
	32
	
	8
	76
	
	8
	64

	
	Port0,1,2,3,4
	
	4
	44
	
	4
	32
	
	12
	72
	
	12
	60

	
	
	12REs
	6
	42
	16REs
	8
	28
	12REs
	6
	78
	16REs
	8
	64

	
	
	24REs
	12
	36
	
	
	
	24REs
	12
	72
	
	
	

	
	Port0
	12REs
	8
	40
	16REs
	10
	26
	12REs
	10
	74
	16REs
	12
	60

	
	Port0
	24REs
	14
	34
	
	
	
	24REs
	16
	68
	
	
	

	
	Port0,1
	12REs
	10
	38
	16REs
	12
	24
	12REs
	14
	70
	16REs
	16
	56

	
	Port0,1
	24REs
	16
	32
	
	
	
	24REs
	20
	64
	
	
	

	
	Port0,1,2,3,4
	12REs
	10
	38
	16REs
	12
	24
	12REs
	18
	66
	16REs
	20
	52

	
	Port0,1,2,3,4
	24REs
	16
	32
	
	
	
	24REs
	24
	60
	
	
	

	CSI-RS 2
	Port0
	
	4
	44
	
	4
	32
	
	6
	78
	
	6
	66

	
	Port0,1
	
	6
	42
	
	6
	30
	
	10
	74
	
	10
	62

	
	Port0,1,2,3,4
	
	6
	42
	
	6
	30
	
	14
	70
	
	14
	58

	
	
	12REs
	8
	40
	16REs
	10
	26
	12REs
	8
	76
	16REs
	10
	62

	
	
	24REs
	14
	34
	
	
	
	24REs
	14
	70
	
	
	

	
	Port0
	12REs
	10
	38
	16REs
	12
	24
	12REs
	12
	72
	16REs
	14
	58

	
	Port0
	24REs
	16
	32
	
	
	
	24REs
	18
	66
	
	
	

	
	Port0,1
	12REs
	12
	36
	16REs
	14
	22
	12REs
	16
	68
	16REs
	18
	54

	
	Port0,1
	24REs
	18
	30
	
	
	
	24REs
	22
	62
	
	
	

	
	Port0,1,2,3,4
	12REs
	12
	36
	16REs
	14
	22
	12REs
	20
	64
	16REs
	22
	50

	
	Port0,1,2,3,4
	24REs
	18
	30
	
	
	
	24REs
	26
	58
	
	
	

	CSI-RS 4
	Port0
	
	6
	42
	
	6
	30
	
	8
	76
	
	8
	64

	
	Port0,1
	
	8
	40
	
	8
	28
	
	12
	72
	
	12
	60

	
	Port0,1,2,3,4
	
	8
	40
	
	8
	28
	
	16
	68
	
	16
	56

	
	
	12REs
	10
	38
	16REs
	12
	24
	12REs
	10
	74
	16REs
	12
	60

	
	
	24REs
	16
	32
	
	
	
	24REs
	16
	68
	
	
	

	
	Port0
	12REs
	12
	36
	16REs
	14
	22
	12REs
	14
	70
	16REs
	16
	56

	
	Port0
	24REs
	18
	30
	
	
	
	24REs
	20
	64
	
	
	

	
	Port0,1
	12REs
	14
	34
	16REs
	16
	20
	12REs
	18
	66
	16REs
	20
	52

	
	Port0,1
	24REs
	20
	28
	
	
	
	24REs
	24
	60
	
	
	

	
	Port0,1,2,3,4
	12REs
	14
	34
	16REs
	16
	20
	12REs
	22
	62
	16REs
	24
	48

	
	Port0,1,2,3,4
	24REs
	20
	28
	
	
	
	24REs
	28
	56
	
	
	

	CSI-RS 8
	Port0
	
	10
	38
	
	10
	26
	
	12
	72
	
	12
	60

	
	Port0,1
	
	12
	36
	
	12
	24
	
	16
	68
	
	16
	56

	
	Port0,1,2,3,4
	
	12
	36
	
	12
	24
	
	20
	64
	
	20
	52

	
	
	12REs
	14
	34
	16REs
	16
	20
	12REs
	14
	70
	16REs
	16
	56

	
	
	24REs
	20
	28
	
	
	
	24REs
	20
	64
	
	
	

	
	Port0
	12REs
	16
	32
	16REs
	18
	18
	12REs
	18
	66
	16REs
	20
	52

	
	Port0
	24REs
	22
	26
	
	
	
	24REs
	24
	60
	
	
	

	
	Port0,1
	12REs
	18
	30
	16REs
	20
	16
	12REs
	22
	62
	16REs
	24
	48

	
	Port0,1
	24REs
	24
	24
	
	
	
	24REs
	28
	56
	
	
	

	
	Port0,1,2,3,4
	12REs
	18
	30
	16REs
	20
	16
	12REs
	26
	58
	16REs
	28
	44

	
	Port0,1,2,3,4
	24REs
	24
	24
	
	
	
	24REs
	32
	52
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