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1 Introduction
In RAN1 61 meeting, the following was agreed:

· The second slot of a R-PDCCH PRB pair can be allocated to data channel for a RN receiving at least part of DL grant in the first slot of the PRB pair.
· If the RN receives a resource allocation which overlaps a PRB pair in which a DL grant is detected in the first slot, the RN assumes there is PDSCH data transmission for it in the second slot of that PRB pair. 

· Otherwise the RN assumes no data transmission for it in the second slot of that PRB pair. 
i.e. no change to DCI formats


· For a R-PDCCH PRB pair where RN detects at least part of DL grant in the first slot, RN shall assume the first slot of the R-PDCCH PRB pair is not used for data transmission.
· UL grants are only transmitted in the second slot (never in the first slot)
· No data transmission in the first slot 
· FFS in case of SPS (await news from RAN2)

· Boundary between UL and DL grants is at the slot boundary.
This document discusses the placement of R-PDCCH in the subframe where the backhaul is used for DL.
2 Interleaving of R-PDCCHs in a PRB pair
2.1 DM-RS
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, interleaving across R-PDCCHs (multiplexing of R-PDCCHs) in a PRB pair is not allowed.
2.2 CRS
In CRS case, there are four modes in the email discussion [61-07-LTE-A].
- Mode 1-1: pure Rel-8 based REG-level interleaving where the set of semi-statically assigned PRBs determines the bandwidth used for blind decoding.
- Mode 1-2: Rel-8 based REG-level interleaving where the bandwidth used for blind decoding is determined by the entire set plus one or more subsets from the semi-statically assigned PRBs.
- Mode 1-3:  Rel-8 based REG-level partial interleaving where the bandwidth used for blind decoding is determined by one or more partitions within a set of semi-statically assigned PRBs and each partition is separately interleaved.
- Mode 2: no interleaving across R-PDCCHs in a PRB
Our preference is to support Mode 2 only, i.e. no interleaving across R-PDCCH only. Now the ongoing email discussion confirms our thinking that to support Mode 1-n is really complex to handle the REs re-uses. 
To support only Mode 2 has the following properties.

· No need of defining a complicated rule on how to efficiently utilize REs. The inefficiency of not using REs increases when the interleaving depth increases. Types of REs for re-use discussion as follows

a) REs in the first slot PRBs which are configured but not (fully) used for R-PDCCH transmission
b) REs in the second slot of a PRB used for R-PDCCH when no uplink grant is transmitted in this slot
c) REs in the first/second PRB not used for R-PDCCH transmission when resource allocation type 0 is used for R-PDSCH indication
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Fig. 1 Alternatives of resource allocations for type 0 (RBG-based) with interleaving across R-PDCCHs
      When a Mode 1-n is used, we need to discuss/conclude the resource allocation scheme since the 1st slot contains generally several DL grants. This is especially complicated when resource allocation type 0 (RBG-based) is used as in Figure 1. It is not straight-forward to allocate REs in (b) (second slot of the PRB used for R-PDCCH).and REs in (c) (the first/second PRB not used for R-PDCCH transmission) at an efficient granularity because there is only one bit representing the PRBs in this RBG. The detail of this issue is presented in [3].
For the REs in (a), Mode 1-2 and Mode 1-3 were proposed in order to avoid blocking a large number of PRBs. However Mode 2 is the most efficient to avoid blocking PRBs.
· The design for R-PDCCH can be common between CRS and DM-RS if only Mode 2 is supported. This can reduce the effort of the standardization especially because of the search space design can be common between them. This also allows both localized and distributed transmission of R-PDCCH for both of CRS and DM-RS in the same way by indicating which PRBs are available for R-PDCCH transmission.

· If Mode 1-n implies any arbitrary number of interleaving depth by "virtual system bandwidth" (i.e. set of interleaving sizes), it is not acceptable from a testing perspective. As no interleaving across R-PDCCHs can achieve sufficient diversity in case of lower coding rate like CCE aggregation level 2 or more, we don't see the need to introduce such a complication. If the concern is diversity gain in higher coding rate transmission of R-PDCCH, still the interleaving depth set should be limited to only a small set like 2 or 4 PRBs to simplify the testing. Such a restriction of the set can reduce the blocking inefficiency when the set is not completely filled by R-PDCCHs. Then it supports the dynamic change of the number of R-PDCCHs in a subframe efficiently. Mode 2 (=No interleaving across R-PDCCHs) means the set is equal to 1 and this is most efficient for the change of the R-PDCCH usage.

· The R-PDCCH PRB configuration signalling e.g. via RRC to a RN is in our view dedicated. Whether the search space is shared among RNs is purely up to eNB implementation. Mode 2 can support well both cases of sharing and not sharing the search space among RNs. It even supports partial search space sharing by properly indicating which PRBs are used for an RN's search space.
3 Resource mapping for no interleaving across R-PDCCH
3.1 Size of R-CCE

In [2] 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 for no interleaving across R-PDCCHs. 
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. When the last OFDM symbol for R-PDCCH is variable in DL timing case 3, 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.
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, R-PDSCH can be allocated on the second slot.
3.2 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. 4 localized and distributed allocation.

4 Summary

We proposed following properties.
· Interleaving across R-PDCCHs in CRS case 

· Interleaving across R-PDCCHs in a PRB (like a Rel.8 PDCCH) is not supported. 
One PRB carries a (part of) R-PDCCH.  
· R-CCE size for no interleaving across R-PDCCHs
· Variable R-CCE size is preferred.

· 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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