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Discussion and Decision
1 Introduction

In RAN1#86bis, the following agreements were made with respect to SC-PTM search space design –

· For the search space scheduling SC-MCCH (called Type1-MSS for RAN1 purposes)

· UE monitoring of blind decoding candidates is based on FFS: Type1-CSS or Type2-CSS

· α, Rmax, and G values for Type1-MSS are configured per SC-MCCH by higher layers
· For the search space scheduling SC-MTCH (called Type2-MSS for RAN1 purposes)

· UE monitoring of blind decoding candidates is based on FFS: Type1-CSS or Type2-CSS

· α, Rmax, and G values for Type2-MSS are configured per SC-MTCH in SC-MCCH

· UE is not required to simultaneously monitor Type1-MSS and Type2-MSS

· UE is not required to monitor Type2-MSS while receiving NPDSCH carrying SC-MTCH

In this contribution, we consider additional details of search space design for SC-MCCH and SC-MTCH transmissions.

2 Search Space
In addition to the search space starting subframe itself, the candidate monitoring set can also follow either Type-1 or Type-2 set. In Type-1, UE monitors different decoding candidates starting only at the beginning of the search space. In Type-2, UE monitors different decoding candidates at the beginning of the search space as well as on every u×R consecutive subframes. Although the candidate monitoring is simpler for Type-1, there are less opportunities for the eNB to avoid collision with other transmissions. With Type-2 monitoring, the network has several opportunities to transmit the NPDCCH. In a way, Type-2 monitoring includes most candidates from Type-1 at the expense of additional decoding attempts. 
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Figure 1. NPDCCH performance.
Figure 1 illustrates NPDCCH performance for different numbers of repetitions. From the figure, it is seen that for 144 dB MCL, no repetition is needed. For 154 dB MCL, 16 repetitions are needed while for 164 dB MCL, 256 repetitions are needed. From the figure, it can be seen that as little as 1 subframe would be needed for transmitting DCI for SC-MCCH/SC-MTCH. If Type1-CSS is used, this would restrict to occur in only one location which would restrict scheduling by the eNB. In addition, in case of collision, e.g. with paging, there would not be a way for the eNB to avoid this collision by scheduling around it. 
Although Type1-CSS has less decoding candidates, it is not clear if this will result in any meaningful power saving for the UE. First, UE already can support Type2-CSS so there is no complexity reduction at the UE to use Type1-CSS. Second, the UE may have to receive up to Rmax subframes with either search space type. This requires the UE to perform channel estimation, demodulation, and LLR computation for the same number of subframes. The only difference is in the buffering and decoding candidates. Thus, it is not clear whether there will be any meaningful power saving from using Type1-CSS. On the other hand, as pointed out previously, there is less scheduling flexibility and more potential collision with Type1-CSS. Therefore, it is proposed that Type-2 NPDCCH candidate monitoring set is used for SC-PTM.
Proposal 1: Reuse Type2-CSS candidate monitoring set for SC-MCCH/SC-MTCH.
Note that NB-IoT UE is not required to monitor more than one search space at a time. Hence, there may be also possible overlap between SC-MCCH and SC-MTCH search spaces, and SC-MTCH and SC-MTCH search spaces for different sessions. In this case, UE will of course monitor only one search space and a priority rule must be defined. For overlap between SC-MCCH and SC-MTCH search spaces, it is preferred to prioritize SC-MCCH search space. For overlap between SC-MTCH and another SC-MTCH search spaces, it is left to UE implementation. 
Proposal 2: In case of overlap between Type1-MSS and Type2-MSS, UE will monitor Type1-MSS.
3 Conclusions

In this contribution, we consider SC-PTM search space and make the following proposals –

Proposal 1: Reuse Type2-CSS candidate monitoring set for SC-MCCH/SC-MTCH.
Proposal 2: In case of overlap between Type1-MSS and Type2-MSS, UE will monitor Type1-MSS.
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