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1 Introduction
In RAN1 60bis meeting, the following was agreed:

•
DL grants are always transmitted in the first slot of a subframe

•
If a DL grant is transmitted in the first PRB of a given PRB pair, then an UL grant may be transmitted in the second PRB of the PRB pair

•
In DM RS case, the DL grant and UL grant in a PRB pair shall be for the same RN
•
In CRS case, the DL grant and UL grant in a PRB pair can be for the same or different RNs
Details of transmission of DL grant alone and UL grant alone are FFS.
This document discusses the placement of R-PDCCH in the subframe where the backhaul is used for DL.
2 Discussion
2.1 Transmission of DL grant and UL grant
· DM-RS and CRS
In DM-RS case, the DL grant and UL grant in a PRB pair shall be for the same RN. No RE in such a PRB pair can be used for a different RN. Therefore, multiplexing of R-PDCCHs in a PRB pair is not allowed.
In CRS case, the DL grant and UL grant in a PRB pair can be for the same or different RNs. Therefore, multiplexing of R-PDCCHs like a Rel. 8 PDCCH in a PRB is possible. However, if a large number of RNs is multiplexed in a PRB pair like a Rel. 8 PDCCH type multiplexing, it is not efficient if only one or a few R-PDCCH is allocated in a subframe because only a small portion of a large number of PRB pairs is used for a R-PDCCH. Therefore, to limit the number of multiplexing in a PRB is quite useful also for CRS. The demerit is to reduce the diversity order in such case. But the usage of a few PRB has sufficient diversity gain and the diversity gain is saturated. In addition, to reduce the diversity order is also useful from ICIC operation of R-PDCCH flexibility. Therefore, we propose that multiplexed R-PDCCH in a PRB (like a Rel. 8 PDCCH) is not supported and one PRB carries a (part of) a single R-PDCCH.
· UL grant alone

Our proposal is that UL grants are always transmitted on the second slot of a subframe regardless whether the first slot is carrying a DL grant or not as shown in Fig. 1(a) and (b). We propose to consider enhancements for Rel. 11. When a DL grant is not transmitted in the first slot before an UL grant, the first slot is blank. We think the major applicable case is that there is a similar number of UL grants and DL grants per RN. It is not so necessary to allocate more UL grants only. In addition, leaving the first slot blank does not increase the blind decoding effort at RN although it may not be so big issue for RN.
· DL grant alone

We have studied the usage of the second slot REs for R-PDSCH. Fig. 2 shows the gain of second slot usage for R-PDSCH when a UL grant is not transmitted after DL grant. The gain is defined as the ratio between the available REs in the R-PDCCH PRB pair and the number of REs in only the assigned PRB pairs. We assume that the number of REs for the UL grant in a PRB is 78 based on the DM-RS usage on MBSFN subframe. The aggregation sizes of UL grant are 1, 2, 4 and 8.
The gains quickly drop to less than 5% REs when ≥16 PRB pairs are assigned (R-PDCCH aggregation size 1) and when ≥ 24 PRB pairs are assigned (R-PDCCH aggregation size 2). We are wondering if such gains are sufficient to support the second slot for R-PDSCH in Rel. 10. In narrow band operation and large aggregation size, the gains are higher. For supporting such an optimization, we would need to define an additional signalling (whether second slot is used for R-PDSCH) and mapping onto REs needs to take the presence or non-presence of the second slot for R-PDSCH into account. In addition, for a stationary relay, the aggregation size can be usually expected to be small. 
Therefore we propose that the second slot after DL grant should be either carrying a UL grant or be blank for Rel.10, regardless of whether using DM-RS or CRS when a DL grant is transmitted in the first slot of a given PRB pair as shown in Fig. 1(c). We propose to consider enhancements for Rel. 11. 
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Fig. 1 DL grant and UL grant
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Fig. 2 The gain of additional REs for R-PDSCH

2.2 Size of R-CCE

In [1] email discussion on backhaul design for Type 1 relays, majority view seems constant CCE size is preferred for simplicity. However, we propose R-CCE size is defined as the number of REs without CRS, DM-RS, and CSI-RS insertion on a PRB. 
As shown in Table 1, R-CCE size varies in DM-RS usage case between normal subframe and MBSFN subframe. Variant 1 is 2 antenna ports for CRS and 12 REs for DM-RS. Variant 2 is 4 antenna ports for CRS, 24 REs for DM-RS and 4 REs for CSI-RS in second slot. Compared with the number of REs between Variant 1 and Variant 2, the difference is 14 REs in case of second slot of DM-RS usage on normal subframe.
Table 1 the number of REs for R-PDCCH in a PRB
	
	
	
	DM-RS usage on normal subframe
	DM-RS usage on MBSFN subframe
	CRS usage on

normal subframe

	Variant 1
	CRS: 12REs (2 antenna port)
DM-RS:12 REs
CSI-RS:0 REs
normal CP #3 to #13 
	1st slot 
(DL grant)
	38
	42
	44

	
	
	2nd slot 
(UL grant)
	70
	78
	76

	Variant 2
	CRS: 16REs (4 antenna port)
DM-RS:24 REs
CSI-RS: 4 REs in 2nd slot
normal CP  #3 to #13
	1st slot 
(DL grant)
	32
	36
	44

	
	
	2nd slot 
(UL grant)
	56
	68
	68


R-CCE size also depends on the number of OFDM symbols for R-PDCCH. If the start OFDM symbol and the last OFDM symbol for R-PDCCH are variable [2], the number of REs for R-PDCCH in a PRB pair is affected. In order to define a fixed R-CCE size, R-CCE size should be the smallest size to allow for the worst case scenario. However the number of antenna ports is cell specific value. The operation with the smallest size of R-CCE is not efficient to decode DL grant and UL grant. The power sharing is possible but the coding gain of R-PDCCH is lost around 30-40% order. This is very inefficient.
In addition, the size of R-CCE varies greatly between DL grant and UL grant according to the number of OFDM symbols. One solution would be to change the boundary of DL grant and UL grant. The reason why DL grant is always transmitted in the first slot of a subframe is to reduce the decoding latency of DL data. For decoding latency perspective, we understand several companies prefer to fix the end of DL grant as the end of the first slot. If the decoding latency can be afforded to increase, the extension of two OFDM symbols into the second slot is preferable. In this case DL grant has 6 OFDM symbols (#3 to #8) and UL grant has 5 OFDM symbols (#9 to #13) in normal subframe. DL grant would be larger than UL grant from the aspect of DCI format. Some numerology is presented in Table 2. "Slot boundary + 2 OFDM symbols" configuration achieves code rate 0.603 (DM-RS based) and 0.547 (CRS based) with aggregation size1 for DCI format 2. Since DCI format 0/1A achieves a code rate 0.611 with aggregation size 1 in Rel. 8 PDCCH configuration, the coverage of "slot boundary + 2 OFDM symbols" for DCI format 2 can be expected to be slightly larger than that of the format 0/1A in Rel.8, because of the beamforming gain of DM-RS or the lower coding rate for CRS. This may allow a frequent usage of aggregation size 1 even for the DCI format 2 family, which is particularly beneficial in case that DCI format 1A is not supported for R-PDCCH in Release 10. 
Table 2 R-PDCCH boundary analysis for DCI format 2 in normal subframe
	
	
	Slot boundary
	Slot boundary + 1 OFDM symbol
	Slot boundary + 2 OFDM symbols

	Variant 1 in 20 MHz, DM-RS
	REs in the 1st part 
(=DL grant)
	38
	46
	58

	
	Code rate with 
aggregation size 1
	0.921
	0.761
	0.603

	Variant 1 in 20 MHz, CRS
	REs in the 1st part 
(=DL grant)
	44
	52
	64

	
	Code rate with 
aggregation size 1
	0.795
	0.673
	0.547


It may be obvious but we think DL grant and UL grant are separately encoded. Then DL grant and UL grant can have independent aggregation sizes. This can help to cover the irregularity size of R-CCE between DL grant and UL grant. When the aggregation size of DL is larger than UL grant in DM-RS case, there are blank PRBs in the second slot like in Fig. 1 (c). However, from DL grant alone discussion above, we think this impact is not so significant.
2.3 Localized and distributed
Both frequency-distributed and frequency-localized R-PDCCH allocations are supported for DM-RS and CRS in order to be common design between DM-RS and CRS. Frequency distributed or localized is realized by whether the PRB pairs are placed in a distributed or localized fashion. In Fig. 3, PRB#A and PRB#B are placed in a localized fashion and PRB#C and PRB#D are placed in distributed fashion.
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Fig. 3 localized and distributed allocation.

3 Summary

We proposed following properties.

· UL grant allocation

· UL grants are always transmitted in the 2nd slot of a subframe.

· Usage of second subframe 

· In Rel. 10, if a DL grant is transmitted in the first slot of a given PRB pair, the second slot is either carrying a UL grant or is blank regardless whether DM-RS or CRS are used. 

· R-CCE size

· Variable R-CCE size is preferred.

· Boundary of DL grant and UL grant 

· Fixed to the slot boundary would be better in view of decoding latency of DL data. FFS to instead use an extension of two OFDM symbols into the second slot.
· Multiplexing of R-PDCCH in CRS case 

· Multiplexed R-PDCCH in a PRB (like a Rel.8 PDCCH) is not supported. 
One PRB carries a (part of) R-PDCCH.

· Localized and distributed

· Both are supported for DM-RS and CRS in order to be common design between DM-RS and CRS.
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