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1. Introduction

In the last RAN 1 #60bis meeting, the following conclusions were agreed on R-PDCCH multiplexing:
· 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.

· No REs in such a PRB pair can be used for a different 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: FFS
· Details of transmission of UL grant alone: FFS
Note that according to TS36.211 one PRB has one layer. 

· Decision on DL grant alone case and UL grant alone case to be made at RAN1#61.
In [1], it was agreed that “R-PDSCH and R-PDCCH can be transmitted within the same PRBs or within separated PRBs”, meaning that when partial resources of PRB pairs are used for R-PDCCH and the remaining resources can be used for R-PDSCH. In this contribution we will focus on DL and UL grant alone scenarios together with more detailed discussion on CRS case, including the mapping schemes of R-PDCCH and R-PDSCH under two different reference signals for R-PDCCH demodulation. Here DL and UL grant alone is understood as per RN bases, whether a RN has only DL grant or UL grant in a backhaul DL subframe.  
2. The mapping of R-PDCCH
2.1 DMRS case

In DM RS case, the DL grant and UL grant in a PRB pair shall be for the same RN if both grants are present in the subframe for this RN. It means that there is no interleaving between R-PDCCHs of different RNs and each RN has its own PRB pairs. So eNB will semi-statically configure RN-specific PRB pairs for each RN in order to carry R-PDCCH, or alternatively RN can search through PRB by PRB to find its own R-PDCCH. For DL grant only or UL grant only in the case of DMRS, we propose that: 

DL grant only: DL grant should be mapped onto the 1st slot of a PRB pair according to RAN1#60bis agreement, and the 2nd slot of such PRB pair should be used for R-PDSCH of the same RN. 
UL grant only: the UL grant can be mapped onto the 1st slot of a PRB pair or onto both slots in a PRB pair. In the case that UL grant mapped to the 1st slot, the 2nd slot of the PRB pair could be used by R-PDSCHs of other RNs.
RN can search PRB by PRB to find its own R-PDCCH. To further reduce the number of blind decodes, a search space can be defined at PRB-level. For example, for the 1st slot of a PRB pair, 1 PRB, 2 PRBs and 4 PRBs can be considered; for both of the two slots of a PRB pair, only 1 PRB and 2 PRBs may be needed. So RN would monitor a set of PRB candidates for its R-PDCCH, which is so-called RN-specific search space. Two alternatives are possible: 1) Each RN will determine its own RN-specific search space depending on RN ID, backhaul subframe number, RB aggregation level and the number of PRB candidates; 2) the PRB index of the RN-specific search space can be reserved statically or semi-statically. 
2.2 CRS case

In CRS case, the DL grant and UL grant in a PRB pair can be for the same or different RNs. It means that R-PDCCHs of different RNs can be interleaved together or not. We focus on interleaved R-PDCCHs in this contribution. The reason is as follows. Non-interleaved R-PDCCH implies each PRB (containing DL or UL grant) dedicated to a single RN in order to take advantage of frequency selectivity. Such mapping becomes less efficient than the interleaved case in FDM case where we either have to transmit the UL grant in the 2nd slot of the PRB pair with an unnecessarily low code rate, or accommodate another RN’s UL grant to fill up the 2nd slot. Multiplexing UL grants of different RNs in a PRB pair seems to defeat the purpose of frequency selectivity.

In the case of interleaved R-PDCCH, two mapping methods can be considered. It is noted that because of the interleaving, there is no need to separately discuss the situations of DL grant alone or UL grant alone.
Method 1: to use TDM+FDM, i.e. all RN’s R-PDCCHs including DL grant and UL grant are jointly interleaved, either fully or partially, and then mapped into the 1st slot of PRB pairs which are semi-statically assigned for R-PDCCH, as shown in Figure 1 [2]. R-PDSCHs are mapped into the 2nd slot of PRB pairs.
Method 2: all DL grants are fully interleaved or partial interleaved together and then mapped onto the 1st slot of PRB pairs; all UL grants are fully interleaved or partial interleaved together and then mapped into the 2nd slot of PRB pairs, as shown in Figure 2. Remaining vacant 2nd slots are used for R-PDSCH.
For Method 1, the highest frequency diversity or interleaving gain can be obtained. Moreover it has more efficient resource utilization compared to no interleaving, especially for pure FDM. There is only one search space needed in Method 1, thus requiring less number of blind decodes compared to Method 2 where the RN needs to blind decode over the search space of the 1st slot of PRB pairs for DL grant and then blind decode over the search space of the 2nd slot of PRB pairs for UL grant. Such search space and blind decoding separation between DL grants and UL grants are required in Method 2 for early decoding of DL grant and R-PDSCH. Method 2 has the advantage of small number of PRB pairs needed for R-PDCCH, therefore leaving more PRBs to schedule macro UEs. Note in Method 2, more PRBs are expected for DL grants than for UL grants, due to the more OFDM symbols in the 2nd slot of a PRB pair, and generally DL grants have more bits than UL grants.
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Figure 1: Method 1
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Figure 2: Method 2
2.3 How to use resource in 2nd slot

It is seen from the above discussion that the second slot of the PRB pair (2nd slot in a R-PDCCH PRB) can be used to carry R-PDSCH, when:

1. An RN has only DL grant in that subframe in case of DMRS

2. Method 1 in CRS case, DL grants and UL grants interleaved and mapped to the 1st slot of PRB pairs

3. Method 2 in CRS case, e.g., interleaved DL grants and interleaved UL grants (should be separately interleaved, otherwise no latency advantage), which leads to more PRBs needed for DL grants than UL grants. Also UL grants tend to be smaller than DL grants.

In order to utilize the resource in 2nd slot for R-PDSCH, the RN needs to know which PRBs contain only one slot of data so that it can pick the right data symbols. In DMRS case, the RN knows which PRBs contain its R-PDCCH of itself and the rest of OFDM symbols in the 2nd slot would carry its own R-PDSCH. 
In the CRS case with interleaving, the actual PRBs containing R-PDCCHs can be either notified by a common signaling (dynamic like PCFICH), or through some simple BD over a subset of candidate space defined in the standards. So after blind decoding, each RN knows which PRBs contain only one slot of R-PDSCH, even though those R-PDSCH may not all belong to this RN. The following example shows how to utilize the resource in second slot for R-PDSCH of different RNs, when DVRB mapping is used. We assume R-PDCCH occupies #0, #4, #8, #12 PRBs in the first slot and a RN is allocated #2, #3, #4, #5 DVRBs for R-PDSCH. According to Rel-8 RB mapping, these DVRBs will be mapped into {(#8, #0), (#12, #4), (#1, #9), (#5, #13)} PRBs, where (#x, #y) denotes a DVRB mapped into #x PRB in the first slot and #y PRB in the second slot. We can see resource mapping overlapped in #8 and #12 PRB in the first slot as shown in Figure 3. In such case, we can reuse Rel-8 resource allocation by not mapping R-PDSCH into the first slot of those overlapped PRBs which are used for R-PDCCH. Such “resource collision avoidance” can also be used for LVRB mapping.
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Figure 3: Resource mapping between R-PDSCH and R-PDCCH in DVRB with CRS
A related question is whether the transport block size tables in TS 36.213 need to be modified. Due to the partial PRB used for R-PDSCH, there is a mismatch between the number of actual modulation symbols available and the “nominal number” of modulation symbols (derived from MCS level and the number of full PRBs). To minimize the standardization effort, we can assume that such mismatch can be handled by DeNB schedulers, e.g., choosing more conservative MCS levels when the percentage of those partial PRBs (containing R-PDCCHs) is high, in order to compensate the higher effective code rate than the nominal code rate. Therefore, Rel-8 TB size tables can be reused.
3. Conclusion

Based on the above analysis, we propose the following: 
In DMRS case: 
· If only DL grant is present, the 2nd slot of PRB pair is occupied by R-PDSCH of the same RN. 
· If only UL grant is present, the UL grant can be mapped onto the 1st slot of a PRB pair or both of the two slots of a PRB pair. The remaining resource except those used by UL grant can be used by R-PDSCHs of other RNs.
In CRS case: 
· Method 1: DL grants and UL grants are jointly interleaved, and mapped into the 1st slot of PRB pairs. R-PDSCHs are mapped into the 2nd slot of those PRB pairs.
· Method 2: interleaved DL grants are mapped onto the 1st slot of PRB pairs; interleaved UL grants are mapped into the 2nd slot of PRB pairs. Remaining vacant 2nd slots are used for R-PDSCH
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