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1. Introduction

In the paper we discuss on the remaining issues regarding non-interleaved R-PDCCH search space design. Specifically, the following aspects are discussed

· Un data DM RS port number ambiguity in cases where R-PDCCH and Un data are TDMed in the same PRB pair

· Configurability of DM RS port index and Scrambling code ID for R-PDCCH

· Blind detection number of non-interleaved R-PDCCH per each slot

2. Un data DM RS port number ambiguity

In [1], the issue of Un data DM RS port number ambiguity in case of R-PDCCH and Un data (DM RS based) are multiplexed in the same PRB pair is discussed. According to previous agreement the maximum rank of Un data transmission can be up to four, which means the following possibilities exist
· 6 REs used for DM RS in the 1st slot , which corresponds to Un data rank <= 2
· 12 REs used for DM RS in the 1st slot , which corresponds to Un data rank > 2
Therefore, RN needs to be aware of the number of DM RS ports present in the current PRBs in order to properly decode R-PDCCH.

As discussed in [1] there are basically three possible ways to solve the ambiguity issue above
1) RN always assume maximum possible DM RS overhead for Un data transmissions, i.e., REs corresponding to DM RS port {7,8,9,10} are always reserved and not used for R-PDCCH transmissions
2) RN always tries blind detection over the two DM RS overhead possibilities
3) RRC signaling is used to indicate the maximum DM RS overhead to RN
Among the three option 2) will double the blind detections of R-PDCCH and is therefore undesirable. Options 1) and 3) do not increase the blind detections because either always the same configuration is assumed or at least only one configuration is used at any time according to the agreement in RAN2 on higher layer reconfigurations.
Note that in all three options the rank of the R-PDSCH can still be selected dynamically therefore R-PDSCH does not need to be considered for the selection. 

To compare option 1) and 3) one needs to consider the efficiency of always assuming 12 REs in the 1st slot are reserved, i.e., not used for R-PDCCH use. This is determined by the performance loss of not using the 6 REs in question and the probability that this happens. 
In Table I the number of REs available for R-PDCCH are shown for different cases. From the table it is clear that 6 REs constitute around 15% of the resources for all the different cases, which seems difficult to be neglect.  

Table I Number of REs available for R-PDCCH in the 1st slot, 1 CCE
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DMRS 6 REs 

42 [100%] 38 [100%]

DM RS 12 REs 

36 [85.7%]  32 [84.2%]


For option 1) one way of compensating the resource loss is to use the power of the reserved REs for the R-PDCCH REs. This however only brings limited benefit, e.g., when the power of 6 REs are used for boosting the power 36 R-PDCCH REs it leads to around 10log(1+6/36) = 0.67dB average power gain. However, as the power boost cannot be equally distributed to all REs but only to those REs that are transmitted in an OFDM symbol carrying DM RS, only a fraction of the REs (e.g. 12/42, less than one third) can benefit from the power boost and accordingly the performance gain will suffer. It is clear that such power boosting gain is not sufficient to compensate the resource efficiency loss as shown from Table I. 
There has been the argument that for R-PDCCH a CCE size one is seldom used so saving 6 REs in one CCE is not very beneficial. However this is not necessarily true considering the rather good link geometry of the backhaul link and also the DCI size used for R-PDCCH. As shown in [2] under typical evaluations the backhaul geometry can achieve > 10dB with probability of some 60%. Considering a DCI size of 44-64bits (i.e., size of format 2B with different BW up to 20Mhz) there is good possibility of utilizing CCE size one for DCI format 2B with geometry above 10dB. Also note that it is also possible to multiplexing one RN’s R-PDCCH with another RN’s data transmissions in the same PRB pair, when the DCI for the first RN is used for scheduling CRS-based data but the second RN’s data is based on DM RS. In this case the DCI size for the multiplexed R-PDCCH can be much smaller than format 2B which increases the probability of using CCE size one. 
From the discussions above it can be concluded that wasting 6 REs in the 1st slot is highly inefficient. Such resource efficiency loss is difficult to be justified since the use case of rank 3 or 4 transmissions over backhaul link is rather limited [3] due to the fact that in a LOS environment it is unlikely to achieve a channel rank of more than 2 and due to the fact that neither all DeNBs nor all RNs will be equipped with quadruple antenna sets. Further more, some RNs that benefit significantly from the extra 6 REs are RNs in comparatively bad locations with comparatively bad backhaul SINR and those RNs will most likely not be able to support more than rank 2 as rank 3 or 4 require rather good SINR.  

Hence, we have the following proposal.

Proposal #1: For non-interleaving R-PDCCH (i.e. mode 2), if Un PDSCH transmission mode is based on Rel-10 DM RS, 1-bit higher layer signaling is used to indicate whether antenna ports {7, 8} or {7, 8, 9, 10} are reserved (not used) in the first slot of R-PDCCH RB pairs used for R-PDCCH transmission.
Further discussion is needed regarding the handling in the second slot: Either the same rule can be applied as for the first slot, or the number of reserved ports can be determined from the configuration used for R-PDSCH, which can be determined from the information transmitted in the R-PDCCH in the first slot which might be available for decoding the second slot. However, there may be cases where the decoding of the first slot fails in which case the handling of the 2nd slot remains ambiguous. Hence, we have the preference to apply the proposal given above also for the second slot.
3. Configurability of DM RS port index and Scrambling code ID for R-PDCCH
It has been agreed as working assumption that only rank one is supported for R-PDCCH for a given RN [4]. One open issue is therefore how to configure the DM RS port for RN for R-PDCCH. Regarding this issue the following aspects need to be taken into consideration
· MU-MIMO over backhaul link shall be supported to boost the system capacity

· Existing mechanisms of supporting MU-MIMO shall be reused maximally for the backhaul link

Reuse of the existing MU-MIMO mechanisms in Rel-9/10 is possible since the Rank 1 transmission for R-PDCCH is in line with the assumption used in MU-MIMO design in Rel-10 time frame, i.e., not more than 4 UEs are co-scheduled in case of MU-MIMO, and not more than 2 layers per UE with 2 orthogonal DM RS ports [5]. With such reuse in mind our preference is to have the DM RS port index and also the DM RS sequence scrambling ID configurable on a per RN basis. Note that for Transmission mode #8 (#9) these parameters are configured dynamically via DCI format 2B (2C), while for R-PDCCH these need to be configured via higher layer (e.g., RRC signaling)to avoid a chicken-egg problem. If MU-MIMO is only supported for Un data transmission then it is desirable to reuse Rel-9/10 design. Based on the discussions we have the following proposal
Proposal #2: 
· Confirm the working assumption that only rank 1 is supported for R-PDCCH for a given RN in Rel-10. 

· If MU-MIMO is supported for DM RS-based R-PDCCH, the DM RS port index (i.e., port 7 or 8) and the SCID (i.e., 0 or 1) shall be configurable via higher layer on a per RN basis. 
4. Blind detection number of non-interleaved R-PDCCH per each slot 
Following the last meeting an e-mail discussion was held regarding the specification of blind decodings that the RN has to perform for R-PDCCH in slot1 and slot2. An agreement was reached and captured in the way format in [6]:

· Agree that the number of blind decodings (BDs) is based on per slot.

· Number of R-PDCCH candidates M(L) monitored by the Relay node is taken from one of the options (A-D).
· One option to be chosen at RAN1#63.

This agreement clarifies that the BDs are to be counted per slot which is motivated by the fact that the processing of R-PDCCH for slot1 and slot2 will not be done concurrently but at different times. However no final agreement was reached on the specific number of BDs but the choice was narrowed down to 4 options. Given the fact that blind decodings are to be counted per slot we conclude that option A offers the highest flexibility while not leading to excessive BD requirements (60) and therefore propose to agree on this option.
Hence, we have the following proposal:

Proposal #3 To choose option A in R1-105822 for the number of R-PDCCH blind detections per slot, i.e. 60 BDs. 
5. Conclusion

Several remaining issues are discussed in this paper and our proposals are summarized as the following
Proposal #1 For non-interleaving R-PDCCH (i.e. mode 2), if Un PDSCH transmission mode is based on Rel-10 DM RS, 1-bit higher layer signaling is used to indicate whether antenna ports {7, 8} or {7, 8, 9, 10} are reserved (not used) in the first slot of R-PDCCH RB pairs used for R-PDCCH transmission.
Proposal #2: 

· Confirm the working assumption that only rank 1 is supported for R-PDCCH for a given RN in Rel-10. 

· If MU-MIMO is supported for DM RS-based R-PDCCH, the DM RS port index (i.e., port 7 or 8) and the SCID (i.e., 0 or 1) shall be configurable via higher layer on a per RN basis. 

Proposal #3 To choose option A in R1-105822 for the number of R-PDCCH blind detections per slot, i.e. 60 BDs. 
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