
3GPP TSG RAN WG1#89
R1- 1708299
15-19 May 2017
Hangzhou, P. R. China
Agenda item:
6.2.1.2.2.3
Source: 
Motorola Mobility, Lenovo
Title: 
Search space for sTTI operation
Document for:
Discussion
1     Introduction
In this contribution, we discuss our views on search space aspects of sPDCCH. In our view, RRC configures sPDCCH monitoring sets for a user. The user would monitor sPDCCH decoding candidates in each of the configured sets. If needed, L1 signalling can limit the number of monitored sets in a subframe for sTTI UEs (e.g., because of eNB scheduling 1-ms TTI UEs in the resources overlapping with the sPDCCH configured set(s) in the subframe). If a user fails to decode the L1 signalling (if present), it still monitors sPDCCH in each of the configured sets (or a default subset of them) and can decode the scheduled sPD(U)SCH.
2 Number of blind decodes

Based on the agreed DL sTTI patterns, there are 6 sTTIs in a subframe. Noting that not all of the sPDCCH blind decodes (BDs) need to be processed at the same time, as they occur in different sTTIs; it is feasible to support additional BDs per subframe than what is usually assumed for LTE (e.g. similar to doubling of BDs per subframe supported for LAA initial partial subframes). For example, assuming 44 PDCCH BDs (e.g., in the first two OFDM symbols of a subframe) can be processed by the end of the first slot in the subframe, the hardware can be reused for up to 44 BDs for sPDCCH decoding in 2nd slot of the subframe. However, to accommodate blind decoding for the sPDCCH decoding candidates belonging to the sTTIs of the first slot, the number of PDCCH BD attempts can be reduced from 44 to e.g., 32 allowing for 12 BD attempts for the first three sTTIs of a subframe. Assuming two DCI formats to be monitored, that would leave each one of the sTTIs in the first slot with 2 sPDCCH decoding candidates.  

Observation 1:  Assuming PDCCH blind decoding is completed by the end of 1st slot of each subframe for 44 BDs, it should be feasible for a UE to perform more than 44 BDs per subframe (e.g. 32 BDs for PDCCH and 56 BDs for sPDCCH candidates).
Observation 2:  To balance UE BDs for PDCCH and sPDCCH, sTTIs in the first slot of a subframe can have fewer BDs (e.g. 4 BDs/sTTI) compared to sTTIs in the second slot of the subframe (e.g., 14 BDs/sTTI).
Proposal 1:  If a UE is configured with DL 2OS-based sTTI, 

· the number of PDCCH BDs is reduced.

· sTTIs in the first slot can have fewer sPDCCH monitoring candidates.

3 Aggregation levels of sPDCCH
Assuming 36REs/CCE similar to PDCCH, in a sTTI containing 2 OFDM symbols without any reference symbol overhead (i.e., 24 RE/RB), aggregation level (AL) 8 requires ~12 RBs (i.e., more than 20% overhead in 50RB system). Therefore, it seems that upto AL 8 can be supported for 2OS-sTTI. 
Proposal 2: Assuming a CCE size of 36REs for sPDDCH, aggregation levels [1, 2, 4, 8] are supported for 2OS-based sTTIs.
If the number of OFDM symbols per RB set for CRS based sPDCCH for 2/3-symbol sTTI is configured to be 1, AL 8 may not be supported as it takes ~24 RBs assuming 36 REs/CCE. 
Based on the above analysis of number of BDs, assuming 2 DCI formats to be monitored (cf. [1]), in each sTTI, 2-7 sPDCCH candidates can be monitored. In our view, candidates with different aggregation levels should be monitored in a subframe so that every UE, if configured for sTTI operation, can enjoy the benefits of latency reduction to some extent. Table 1 shows an example of possible aggregation levels for a sTTI as a function of number of sPDCCH candidates monitored in the sTTI. Note that higher ALs (i.e., 4 and 8) may not be monitored in all sTTIs of a subframe. For instance, every odd sTTI can have a candidate with AL=4, and every even sTTI can have a candidate with AL=8. This way more candidates with lower ALs (i.e., 1 and 2) can be monitored in an sTTI. 
Table 1: An example of possible aggregation levels for a sTTI as a function of number of sPDCCH candidates monitored in the sTTI: Candidates with higher ALs 4 and 8 may not be monitored in all sTTIs leaving room for monitoring more candidates with ALs 1 and 2. 
	Number of sPDDCH candidates in sTTI
	AL distribution

(a,b,c,d) for (AL=1, AL=2, AL=4, AL=8)

	2
	(1,0,1,0)  in odd sTTIs and (0,1,0,1) in even sTTIs

	4
	(1,1,1,1)

	6
	(2,2,1,1)

	7
	 (2,2,2,1)


Conclusions

In this contribution we discussed our views on various aspects of control signalling for sTTI operation and make the following observations
· Observation 1:  Assuming PDCCH blind decoding is completed by the end of 1st slot of each subframe for 44 BDs, it should be feasible for a UE to perform more than 44 BDs per subframe (e.g. 32 BDs for PDCCH and 56 BDs for sPDCCH candidates).
· Observation 2: To balance UE BDs for PDCCH and sPDCCH, sTTIs in the first slot of a subframe can have fewer BDs (e.g. 4 BDs/sTTI) compared to sTTIs in the second slot of the subframe (e.g., 14 BDs/sTTI).  
Based on the observations, we propose the following
· Proposal 1:  If a UE is configured with DL 2OS-based sTTI, 

· the number of PDCCH BDs is reduced.

· sTTIs in the first slot can have fewer sPDCCH monitoring candidates.
· Proposal 2: Assuming a CCE size of 36REs for sPDDCH, aggregation levels [1, 2, 4, 8] are supported for 2OS-based sTTIs.
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