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1
Introduction

In RAN1#62bis, some agreements were made on the R-PDCCH search space for non-interleaving (or the so called Mode 2) case. The agreement essentially allows potential overlap among search space candidates with different aggregation levels (note that in Mode 2, VRBs, rather than CCEs are aggregated). This leads to an ambiguity in determining aggregation level at the RN as the RN may decode its DL R-PDCCH via one of the two or more aggregation levels. While the ambiguity in determining the aggregation level may not be a problem as long as the RN receives its R-PDCCH correctly, the ambiguity can cause potential problems in PDSCH demodulation as the RN can potentially determine its PDSCH resources by rate-matching around the detected R-PDCCH region. This document proposes that the ambiguity in the PDSCH resource determination should be addressed by using the number of resource blocks used for R-PDCCH transmission as the initial seed within the R-PDCCH scrambling sequence initialization or by other means that allows the RN to uniquely determine the resource blocks used for R-PDCCH. 
2
Background

In the Relay specification (TS36.216, Sec 7.1), the Relay node procedures for receiving the physical downlink shared channel states the following : 
A relay node shall upon detection of a R-PDCCH intended for the relay node in a subframe, decode the corresponding PDSCH in the same subframe with the following assumptions. 

-
If the relay node receives a resource allocation which overlaps a PRB pair in which a downlink assignment is detected in the first slot, the relay node shall assume that there is PDSCH transmission for it in the second slot of that PRB pair. 
The above indicates that the R-PDCCH PRB allocation is important for PDSCH resource determination and demodulation. 

In RAN1#62bis, the R-PDCCH search space for non-interleaving mode was agreed and the following are some key points captured from the agreement. 

Agreement:

· For non-interleaving R-PDCCH 

· 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 VRBR-PDCCH(n) for n = 0, 1, …, N-1, where N is the number of R-PDCCH VRBs

· The possible values of N is FFS

· Rel-8 resource allocation types 0, 1 and 2 supported for R-PDCCH VRB set assignment

· DeNB can configure multiple RNs to share the same set of R-PDCCH VRBs

· 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

· Possibility of an additional semi-static offset to the starting position is FFS

· Working Assumption that the Rel-8 hashing function is not used

· Baseline for supported R-PDCCH aggregation levels L = {1, 2, 4, 8}

· FFS on number of R-PDCCH candidates M(L)
Note that the search space defined above allows the possibility for one or more candidates in the different aggregation levels to overlap completely or partially. For example Figure 1 shows an illustration of the R-PDCCH search space for the following configuration: 

· N = 8 VRBs (number 0 to 7) ,  L ={1,2,4,8} as the baseline aggregation levels

· M(1) = 8, M(2) =4, M(4)  = 2, M(8) = 1 for a total of  8 + 4+ 2+1 = 15 candidates. 
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Figure 1 - An illustration of R-PDCCH search space for various PRB aggregation levels. And an eNB transmission of a 4 PRB R-PDCCH along with an PDSCH spanning six PRBs (occupying only second slot in PRBs corresponding to the four PRBs containing R-PDCCH). 
Note that in Figure 1, there is significant number of overlapping starting locations for candidates with different PRB aggregations. Assume that the R-PDCCH was transmitted using L=4, when the RN does the blind decoding, it may potentially decode a successful R-PDCCH using one or more candidates, such as L=1, L=2. If the RN decodes the R-PDCCH and determines that its resource allocation includes a six PRB allocation (with PRBs labeled 0 to 5), then it determines the PDSCH resource allocation by removing (or rate-matching) around the decoded R-PDCCH PRBs. Thus, if L=1 or L=2 result in successful R-PDCCH, it can lead to incorrect PDSCH reception as shown below. 
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Figure 2. Illustration of incorrect PDSCH demodulation if R-PDCCH aggregation level is incorrectly decoded as L=1 or L=2 when the actual R-PDCCH aggregation level is L=4. 
Figure 2 shows the PDSCH resource mapping if the RN assumes an incorrect aggregation level (i.e. L=1 or L=2 instead of L=4). Thus, in this case, most likely the RN receiver may de-interleave the received bits in the PDSCH incorrectly, leading to soft buffer corruption and increased BLER. Thus, the ambiguity can lead to packet losses that can otherwise be avoided. There are several ways of avoiding the ambiguity problem: 

1. Avoid using resource allocations for PDSCH that lead to R-PDCCH and PDSCH being multiplexed within a PRB pair. This is however not a desired solution. 

2. Resolve the R-PDCCH PRB allocation ambiguity by ensuring that the correct candidate solution yields a valid DL assignment. This can be done by using the number of PRBs for R-PDCCH as a seed for scrambling initialization of R-PDCCH mapping. Other equivalent techniques can be used as well. 

3. Alter the PDSCH mapping (channel interleaving) so that the soft buffer corruption can be minimized (map PDSCH starting from unambiguous resources before mapping to ambiguous resources). This approach cannot solve the problem completely, even with modified channel interleaving (time-first mapping). 

4. Include upto 2 bits within the DL assignment to indicate the PRB aggregation level. This may lead to undesirable overhead as such bits are not necessary when R-PDCCH and PDSCH are not TDM-ed (e.g. when second slot PRB corresponding to DL grant is occupied by an R-PDCCH containing UL grant.)
3
Conclusions

For the non-interleaving case (Mode 2), potential overlap among search space candidates with different aggregation levels can lead to ambiguity in determining aggregation level at the RN which can potentially cause PDSCH demodulation errors via soft buffer corruption. Therefore, it is proposed that the ambiguity in the PDSCH resource determination should be addressed using the following mechanism: 

The number of resource blocks used for R-PDCCH transmission is used as the initialization seed within the R-PDCCH scrambling sequence initialization to allow an RN to uniquely determine the resource blocks used for R-PDCCH.
4
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