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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.
This document discusses R-PDCCH interleaving details.
2 Discussion

2.1 Supporting interleaving and no interleaving with CRS

For R-PDCCH interleaving with CRS, both interleaving and no interleaving across R-PDCCHs are supported by the specifications. However, it is necessary to consider whether both modes (interleaving and/or no interleaving across R-PDCCHs) are supported by eNB specific or RN specific.
Alt1: eNB and RN support both modes 

Alt1 has flexibility to allocate different number of RNs on a subframe by subframe depending on the traffic of RN cells. Both eNB and RN implementation cost is increased.
Alt2: RN specific 

RN supports one mode. eNB is assumed to supports both modes. Each RN indicates RN’s mode to eNB. The CRS with interleaving has the gain in case larger number of RNs support it. So we don't think it is not good choice. 
Alt3: eNB specific 

eNB support one mode. RN mandatory supports both modes. eNB indicates eNB’mode to RN.
Alt4: Operator specific
Operator selects one mode and eNB and RN support same mode. The indication of modes is not necessary. In RAN2 agreement, RN is preconfigured with the DeNB(s) it is allowed to access as RN. RN will only access these DeNB(s) as RN. If preconfigured DeNBs support same mode, RN has only to support same mode of preconfigured DeNBs. 
In Alt1 and Alt2, we need to consider whether eNB is allowed to assign both modes on a subframe simultaneously. If it is allowed for Alt1, RNs might search both modes on a subframe. In this case, the number of blind decoding would be increased or the number of blind decoding per 1 operation (interleaving or non interleaving are reduced. 
Although we listed above several alternatives, what should be concluded from the specification perspective is whether RN supports both or only one. We rather think mandatory support of both interleaving and no interleaving would have some benefit on the relay for economics of scale perspective in spite of additional test effort if there is a divergence in views for which case is the majority.
2.2 R-CCE size
Interleaving across R-PDCCHs case

In interleaving case, Rel-8 based REG-level interleaving is agreed. Therefore, It is better to minimize the modification from Rel.8 PDCCH. We propose that R-CCE size is fixed on 36 RE for DL grant and UL grant.
No interleaving across R-PDCCHs case

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, 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, 28RE, 36REs, 44REs.

UL grant : 48REs, 56REs, 64REs, 72REs

Table 1and Table2 in Appendix show the number of REs and wasted 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.

2.3 Mapping of physical resources to R-PDCCH
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. 
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. It is FFS whether quadruplets of complex-valued symbols is unit of the interleaving. 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. 1 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. When R-CCE size is 9REGs (36REs), 4REGs are un-used for DL grant and 2 REGs are un-used for UL grant. 
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Fig. 1 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.2 (a) shows approach 1 of time first mapping on a PRB. In this figure, the number of CRS antenna port is 2. 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.2 (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. 2 time first mapping for no inter leaving across R-PDCCHs
3 Summary

This contribution discussed the interleaving detail. It is necessary to consider whether both modes (interleaving and/or no interleaving across R-PDCCHs) are supported by eNB specific or RN specific. It is also necessary to discuss tx-diversity scheme for R-PDCCH and used antenna set for R-PDCCH further. 
We proposed following properties.
· R-CCE size

· Interleaving across R-PDCCHs

· Fixed 36REs 

· No interleaving across R-PDCCHs

· DL grant : 20REs, 28RE, 36REs, 44REs.
· UL grant : 48REs, 56REs, 64REs, 72REs
· Mapping of physical resources to R-PDCCH
· To use interleaving similar to Rel.8. The unit size is quadruplets of complex-valued symbols or not need further discussion.
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Appendix
Table 1 The number of REs on DL grant 
(R-CCE size of DL grant : 20REs, 28RE, 36REs, 44REs)
	
	
	1st slot

	
	
	Normal CP
	Extended CP

	
	CRS
	DMRS
	insertion REs
	REs
	un-used REs
	DMRS
	insertion REs
	REs
	un-used REs

	CSI-RS 0
	Port0
	
	2
	46
	2
	
	2
	34
	6

	
	Port0,1
	
	4
	44
	0
	
	4
	32
	4

	
	Port0,1,2,3,4
	
	4
	44
	0
	
	4
	32
	4

	
	
	12REs
	6
	42
	6
	16REs
	8
	28
	0

	
	
	24REs
	12
	36
	0
	
	
	
	

	
	Port0
	12REs
	8
	40
	4
	16REs
	10
	26
	6

	
	Port0
	24REs
	14
	34
	6
	
	
	
	

	
	Port0,1
	12REs
	10
	38
	2
	16REs
	12
	24
	4

	
	Port0,1
	24REs
	16
	32
	4
	
	
	
	

	
	Port0,1,2,3,4
	12REs
	10
	38
	2
	16REs
	12
	24
	4

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

	CSI-RS 2
	Port0
	
	4
	44
	0
	
	4
	32
	4

	
	Port0,1
	
	6
	42
	6
	
	6
	30
	2

	
	Port0,1,2,3,4
	
	6
	42
	6
	
	6
	30
	2

	
	
	12REs
	8
	40
	4
	16REs
	10
	26
	6

	
	
	24REs
	14
	34
	6
	
	
	
	

	
	Port0
	12REs
	10
	38
	2
	16REs
	12
	24
	4

	
	Port0
	24REs
	16
	32
	4
	
	
	
	

	
	Port0,1
	12REs
	12
	36
	0
	16REs
	14
	22
	2

	
	Port0,1
	24REs
	18
	30
	2
	
	
	
	

	
	Port0,1,2,3,4
	12REs
	12
	36
	0
	16REs
	14
	22
	2

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

	CSI-RS 4
	Port0
	
	6
	42
	6
	
	6
	30
	2

	
	Port0,1
	
	8
	40
	4
	
	8
	28
	0

	
	Port0,1,2,3,4
	
	8
	40
	4
	
	8
	28
	0

	
	
	12REs
	10
	38
	2
	16REs
	12
	24
	4

	
	
	24REs
	16
	32
	4
	
	
	
	

	
	Port0
	12REs
	12
	36
	0
	16REs
	14
	22
	2

	
	Port0
	24REs
	18
	30
	2
	
	
	
	

	
	Port0,1
	12REs
	14
	34
	6
	16REs
	16
	20
	0

	
	Port0,1
	24REs
	20
	28
	0
	
	
	
	

	
	Port0,1,2,3,4
	12REs
	14
	34
	6
	16REs
	16
	20
	0

	
	Port0,1,2,3,4
	24REs
	20
	28
	0
	
	
	
	

	CSI-RS 8
	Port0
	
	10
	38
	2
	
	10
	26
	6

	
	Port0,1
	
	12
	36
	0
	
	12
	24
	4

	
	Port0,1,2,3,4
	
	12
	36
	0
	
	12
	24
	4

	
	
	12REs
	14
	34
	6
	16REs
	16
	20
	0

	
	
	24REs
	20
	28
	0
	
	
	
	

	
	Port0
	12REs
	16
	32
	4
	16REs
	18
	18
	

	
	Port0
	24REs
	22
	26
	6
	
	
	
	

	
	Port0,1
	12REs
	18
	30
	2
	16REs
	20
	16
	

	
	Port0,1
	24REs
	24
	24
	4
	
	
	
	

	
	Port0,1,2,3,4
	12REs
	18
	30
	2
	16REs
	20
	16
	

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


Table 2 The number of REs on UL grant.
(R-CCE size of UL grant :48REs, 56REs, 64REs, 72REs)

	
	
	2nd slot

	
	
	Normal CP
	Extended CP

	
	CRS
	DMRS
	insertion REs
	REs
	un-used REs
	DMRS
	insertion REs
	REs
	un-used REs

	CSI-RS 0
	Port0
	
	4
	80
	8
	
	4
	68
	4

	
	Port0,1
	
	8
	76
	4
	
	8
	64
	0

	
	Port0,1,2,3,4
	
	12
	72
	0
	
	12
	60
	4

	
	
	12REs
	6
	78
	6
	16REs
	8
	64
	0

	
	
	24REs
	12
	72
	0
	
	
	
	

	
	Port0
	12REs
	10
	74
	2
	16REs
	12
	60
	4

	
	Port0
	24REs
	16
	68
	4
	
	
	
	

	
	Port0,1
	12REs
	14
	70
	6
	16REs
	16
	56
	0

	
	Port0,1
	24REs
	20
	64
	0
	
	
	
	

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

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

	CSI-RS 2
	Port0
	
	6
	78
	6
	
	6
	66
	2

	
	Port0,1
	
	10
	74
	2
	
	10
	62
	6

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

	
	　
	12REs
	8
	76
	4
	16REs
	10
	62
	6

	
	　
	24REs
	14
	70
	6
	
	
	
	

	
	Port0
	12REs
	12
	72
	0
	16REs
	14
	58
	2

	
	Port0
	24REs
	18
	66
	2
	
	
	
	

	
	Port0,1
	12REs
	16
	68
	4
	16REs
	18
	54
	6

	
	Port0,1
	24REs
	22
	62
	6
	
	
	
	

	
	Port0,1,2,3,4
	12REs
	20
	64
	0
	16REs
	22
	50
	2

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

	CSI-RS 4
	Port0
	
	8
	76
	4
	
	8
	64
	0

	
	Port0,1
	
	12
	72
	0
	
	12
	60
	4

	
	Port0,1,2,3,4
	
	16
	68
	4
	
	16
	56
	0

	
	
	12REs
	10
	74
	2
	16REs
	12
	60
	4

	
	
	24REs
	16
	68
	4
	
	
	
	

	
	Port0
	12REs
	14
	70
	6
	16REs
	16
	56
	0

	
	Port0
	24REs
	20
	64
	0
	
	
	
	

	
	Port0,1
	12REs
	18
	66
	2
	16REs
	20
	52
	4

	
	Port0,1
	24REs
	24
	60
	4
	
	
	
	

	
	Port0,1,2,3,4
	12REs
	22
	62
	6
	16REs
	24
	48
	0

	
	Port0,1,2,3,4
	24REs
	28
	56
	0
	
	
	
	

	CSI-RS 8
	Port0
	
	12
	72
	0
	
	12
	60
	4

	
	Port0,1
	
	16
	68
	4
	
	16
	56
	0

	
	Port0,1,2,3,4
	
	20
	64
	0
	
	20
	52
	4

	
	
	12REs
	14
	70
	6
	16REs
	16
	56
	0

	
	
	24REs
	20
	64
	0
	
	
	
	

	
	Port0
	12REs
	18
	66
	2
	16REs
	20
	52
	4

	
	Port0
	24REs
	24
	60
	4
	
	
	
	

	
	Port0,1
	12REs
	22
	62
	6
	16REs
	24
	48
	0

	
	Port0,1
	24REs
	28
	56
	0
	
	
	
	

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

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