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1. Introduction
For the design of R-PDCCH, the following was agreed in RAN1 #62 meeting:

· Support of “no interleaving across R-PDCCHs in a PRB” is mandatory for RN for both CRS based and DM-RS based R-PDCCH design.

· No optional interleaving modes are supported in Rel-10.
· 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

· Down-selection of the supported modes in Rel-10 is not precluded.
In this contribution, we analyze the remaining issues for non-interleaving mode, and show our proposals.
2. Non-interleaving R-PDCCH
2.1. R-PDCCH Resource allocation
In Rel-8, VRBs are used to describe the resource allocation mapping to PRBs, with both localized VRB (LVRB) and distributed VRB (DVRB) defined in [1]. For LVRB, VRBs are mapped directly to physical resource blocks such that virtual resource block 
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. For DVRB, two VRBs in a VRB pair are mapped to different PRBs in two slots of a subframe. It is noted that DVRB defined in Rel-8 aims to provide frequency diversity across two slots. On the other hand, for R-PDCCH, it has been agreed that DL and UL grants are transmitted in the first and second slot, respectively. Consequently supporting Rel-8 DVRB cannot provide frequency diversity neither for DL grant nor for UL grant transmitted in R-PDCCH. Hence, we propose not to support DVRB mapping for non-interleaving R-PDCCH, which simplifies the design.
The R-PDCCH PRB allocation can be configured by higher layers, where the set of VRBs that may contain R-PDCCH is explicit signaled. Rel-8 resource allocation type 0 and 1 are sufficient to provide flexible R-PDCCH VRB allocations. It is noted that resource allocation type 2 defined in Rel-8 mainly tries to reduce the PDCCH signaling overhead signal, although most of the resource allocations by type 2 can also be achieved by resource allocation type 0 and 1. Considering that R-PDCCH VRB set configuration is not frequent and is performed by RRC signaling, it is proposed that only Rel-8 resource allocation type 0 and type 1 are supported for R-PDCCH VRB set allocation, to simplify the design. Figure 1 shows examples of Rel-8 resource allocation type 0 and type 1 for R-PDCCH VBR set allocation.
It is also possible to allocate the same VRBs to multiple RNs as R-PDCCH VRB set. Consequently, the multiple RNs may perform R-PDCCH blind decoding on the same set of R-PDCCH VRBs. The eNB shall ensure that in one R-PDCCH VRB, only one RN’s R-PDCCH is transmitted. Any vacant R-PDCCH VRBs can be used for PDSCH transmission, either of RNs or macro UEs. It is noted that such operations are purely implementation based, without additional specification required. 
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Figure 1: Example of resource allocation type 0/1 for R-PDCCH
In summary, for R-PDCCH resource allocation, our proposal is as following:

· One set of R-PDCCH VRBs for DL grants and UL grants is semi-statically configured by higher layers on a RN specific basis

· The R-PDCCH VRBs are indexed by VRB R-PDCCH(n) for n = 0, 1, …, N-1, where N is the number of R-PDCCH VRBs

· Rel-8 resource allocation type 0/1 supported for R-PDCCH VRB set assignment
· DeNB can configure multiple RNs to share the same set of R-PDCCH VRBs
· Only Rel-8 LVRB supported for R-PDCCH VRB to PRB mapping
2.2. R-PDCCH candidates allocation
For R-PDCCH blind decodings, the Rel-8 PDCCH design shall be maximally reused. The set of R-PDCCH candidates, including their locations within the set of R-PDCCH VRBs as well as the number of R-PDCCH candidates for each aggregation level, shall be specified. 
For non-interleaving R-PDCCH, the R-PDCCH aggregation can have a granularity of per RB, since multiple RNs R-PDCCHs cannot be transmitted in the same RB. Evaluations in previous meetings have shown that either 1 or 2 RBs are sufficient to accommodate most RN’s DL/UL grant, considering the backhaul geometry. Aggregation of 4 and 8 RBs may be needed, in order to provide options of lower coding rates for R-PDCCH. Hence, we proposed that the baseline of R-PDCCH aggregation level in Rel-8 is L = {1, 2, 4, 8} RBs.
In the set of configured R-PDCCH VRBs, for aggregation level L, M(L) R-PDCCH candidates can be defined, and R-PDCCH candidate m (for m = 0, 1, …, M(L)-1) at aggregation level L comprises L R-PDCCH VRBs with indices of 
(L * m + i) mod N, where i = 0, 1, …, L – 1, m = 0, 1, …, M(L)-1
Figure 2 shows an example where the set of R-PDCCH VRBs comprises 8 RBs, and M(L) = [6, 3, 1, 1] for L = [1, 2, 4, 8], respectively. The main design principle is the simplicity of R-PDCCH search space. 
As to the number of R-PDCCH candidates for each supported aggregation level, it is important that the number of R-PDCCH candidates for L = 1 and 2 are sufficiently large, since most RNs shall use low R-PDCCH aggregation levels. Large number of R-PDCCH candidates for L = 1 and 2 allows eNB to assign the same set of VRBs for multiple RNs’ R-PDCCH without compromising the R-PDCCH scheduling flexibility. Although it is possible for RN to have more processing power than UE, the total number of R-PDCCH candidate is preferably to be comparable to that of a Rel-10 UE. 
In summary, for the definition of R-PDCCH candidates, our proposals are:

· Baseline for supported R-PDCCH aggregation levels L = {1, 2, 4, 8}
· In each slot within the configured VRB set, M(L) R-PDCCH candidates are defined for aggregation level L, where R-PDCCH candidate m (for m = 0, 1, …, M(L)-1) at aggregation level L comprises L R-PDCCH VRBs with indices of 

· (L * m + i) mod N, where i = 0, 1, …, L – 1
· FFS on number of R-PDCCH candidates M(L)
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Figure 2: Example of R-PDCCH candidates 
2.3. Supported DCI format
Similar to Rel-8 UEs, two DCI formats corresponding to DL transmissions shall be supported by R-PDCCH in the first slot, i.e.
· DCI format 1A 

· A TM dependent DL DCI format
where DCI format 1A is used to support transmit diversity as the fallback operation. A TM dependent DL DCI format is used to support the configured PDSCH transmission scheme. Although the backhaul channel quality is expected to be stable for fixed relays, fallback operation based on transmit diversity by DCI format 1A is still necessary for RRC signaling reconfigurations.
In the second slot, DCI format 0 shall be supported for PUSCH transmissions. Furthermore, potentially a TM dependent UL DCI format for UL SU-MIMO shall be supported. It is noted that RAN1 has not agreed to support UL SU-MIMO or non-contiguous resource allocation on backhaul uplink. 
In summary, we have the following proposals:
· RN monitors two DCI formats scrambled by RN-RNTI in the first slot

· DCI format 1A, and 

· A TM dependent DL DCI format 

· RN monitors at most two DCI formats scrambled by RN-RNTI in the second slot

· DCI format 0 (potentially including non-contiguous resource allocation), and 

· Potentially a TM dependent UL DCI formats DCI format for UL SU-MIMO
· Support of UL SU-MIMO or UL non-contiguous resource allocation on Un UL is FFS
It is noted that the above proposals on supported R-PDCCH DCI formats apply to both non-interleaving and interleaving R-PDCCH design.
3. Conclusions
In this contribution, we discuss the non-interleaving R-PDCCH design with the following proposals: 
· One set of R-PDCCH VRBs for DL grants and UL grants is semi-statically configured by higher layers on a RN specific basis

· The R-PDCCH VRBs are indexed by VRB R-PDCCH(n) for n = 0, 1, …, N-1, where N is the number of R-PDCCH VRBs

· Rel-8 resource allocation type 0/1 supported for R-PDCCH VRB set assignment

· DeNB can configure multiple RNs to share the same set of R-PDCCH VRBs
· Only Rel-8 LVRB supported for R-PDCCH VRB to PRB mapping
· Baseline for supported R-PDCCH aggregation levels L = {1, 2, 4, 8}
· In each slot within the configured VRB set, M(L) R-PDCCH candidates are defined for aggregation level L, where R-PDCCH candidate m (for m = 0, 1, …, M(L)-1) at aggregation level L comprises L R-PDCCH VRBs with indices of 

· (L * m + i) mod N, where i = 0, 1, …, L – 1
· FFS on number of R-PDCCH candidates M(L)
· RN monitors two DCI formats scrambled by RN-RNTI in the first slot

· DCI format 1A, and 

· A TM dependent DL DCI format 

· RN monitors at most two DCI formats scrambled by RN-RNTI in the second slot

· DCI format 0 (potentially including non-contiguous resource allocation), and 

· Potentially a TM dependent UL DCI formats DCI format for UL SU-MIMO

· Support of UL SU-MIMO or UL non-contiguous resource allocation on Un UL is FFS 
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