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1 Introduction
In RAN1 #90 meeting, the following agreements on search space for sTTI operation were made [1]:
Agreement:
· Support aggregation level L∈{1,2,4,8} for sPDCCH search space.
· A UE can be configured to monitor an sPDCCH RB set p with M_p^((L))sPDCCH candidate(s) for sPDCCH search space at aggregation level L within an sTTI, where p∈{0,1} and M_p^((L))∈{0,1,…,M_total}. M_total is the maximum allowable number of sPDCCH candidates to be monitored in an sTTI over all sPDCCH sets and aggregation levels. 
- FFS: The value of M_total.
- FFS: The total number of RB sets configurable to a UE
· The configured aggregation levels to be monitored within an sPDCCH RB set in an sTTI can be any subset of the supported aggregation levels L for sPDCCH search space.
· The maximum allowable blind decodes per sTTI on one CC, irrespective if the sDCI is in sPDCCH or PDCCH, for 2/3os sTTI is 6.
· The maximum allowable blind decodes per sTTI on one CC, irrespective if the sDCI is in sPDCCH or PDCCH, for 1-slot is 12.
· Support different number of sPDCCH candidates per aggregation level to be monitored for different sTTI index. FFS configured per sub-set of the sTTI in a subframe, over different subframe types, or different RS overhead, details on configuration.
· Whether the UE-specific search spaces for different UEs overlap is up to configuration.
· For sDCI monitoring in legacy PDCCH, the hashing function for PDCCH is used by using M_sDCI^(L) instead of M_L. Value of M_sDCI^(L) is FFS.
· The number of PDCCH candidate(s) M_sDCI^((L)) at aggregation level L for monitoring sDCI1 in legacy PDCCH region is determined by higher layer signalling, independent on the number of M_L at aggregation level L for monitoring DCI.
This contribution discusses the remaining issues of search space design for sTTI operation, including the number of sPDCCH/PDCCH candidates per user, supported aggregation levels and definition of the search space. It is a revision of R1-1712324.
2 Search space for sPDCCH
2.1 Aggregation levels and candidates
It was agreed that the maximum allowable blind decodes per sTTI on one CC, irrespective if the sDCI is in sPDCCH or PDCCH, for 2/3os sTTI is 6. And M_total is the maximum allowable number of sPDCCH candidates to be monitored in an sTTI over all sPDCCH sets and aggregation levels. So M_total = 3 if two different sDCI size are supported for each TM or M_total = 6 if only one sDCI size is supported for each TM. Similar with 7os sTTI, M_total = 6 with two different sDCI size or M_total = 12 with one sDCI size. A UE can be configured with up to two sPDCCH RB set(s) containing the UE’s user-specific sTTI search space as described in [2].
Proposal 1: For 2/3os sTTI, M_total = 3 if two different sDCI size are supported for each TM or M_total = 6 if only one sDCI size is supported for each TM. 
It was agreed that support different number of sPDCCH candidates per aggregation level to be monitored for different sTTI index. But the following is still FFS: configured per sub-set of the sTTI in a subframe, over different subframe types, or different RS overhead. 
In MBSFN subframe, it was agreed that only DMRS-based sPDCCH can be configured. Considering the RS overhead is not changed much, the same configuration can be applied to all sTTIs in MBSFN subframe. 
For non-MBSFN subframe, the RS overhead would be too large if both DMRS-based and CRS-based sPDCCH are supported in sTTI with CRS. Therefore, we prefer to define two subsets sTTI with different number of sPDCCH candidates per AL. sTTI #1, #3, #5 with CRS belongs to set #1 and sTTI #2, #4 without CRS belongs to set #2.
Proposal 2: Two sub-sets sTTI with different number of sPDCCH candidates per AL is supported in non-MBSFN subframe.
· sTTI #1, #3, #5 with CRS belongs to set #1 and sTTI #2, #4 without CRS belongs to set #2.

2.2 Search space definition
As discussed in [3], the sCCEs are used sequentially in the configured RB set(s) to make sPDSCH use the unused sPDCCH resources conveniently. It is straightforward to use the same start sCCE #0 like CSS for legacy PDCCH. But this would lead to a high blocking probability. In order to reduce the probability of blocking, a start sCCE offset could be introduced. However, it would be too difficult to let sPDSCH use the unused sCCEs left by sPDCCH if a flexible offset like USS for legacy PDCCH is introduced.  

In order to make a balance between the reduction of blocking probability and an efficient multiplexing of sPDCCH and sPDSCH, one way is to restrict the possible value(s) of the offset. For instance, only two offsets are configured and the two offsets could be a common offset for all UEs or a UE-specific offset. In case of a common offset, one offset can be configured for part of the aggregation levels and one for the others. For UE-specific offset case, the offset for different aggregation levels is configured by RRC or sDCI 2 UE-specifically.  
To summarize the discussion above, four alternatives can be given as, 

· Alt.1: Same start sCCE #0 without offset like CSS for legacy PDCCH.

· Alt.2: UE-specific randomized start sCCE offset depended on C-RNTI and the aggregation level L, like USS for legacy PDCCH.

· Alt.3 Common offset with limited number of offset values, e.g. offset=4 for L=1, offset=0 for the other ALs. 

· Alt.4 UE-specific offset with limited number of offset values, e.g. offset=4 for part of the AL(s) and offset=0 for the other AL(s), and it is configured UE-specifically by RRC or sDCI 2. 
Take one RB set with 16 sCCEs as an example, an comparison of the blocking probability of different alternatives is shown in Figure 1. Simulation assumptions are listed in Annex Table A-1. We can see that alt.2 has a lowest probability of blocking while the multiplexing efficiency between sPDCCH and sPDSCH is the worst.  It seems that alt.4 is a better choice due to the good balance between the reduction of blocking probability and an efficient multiplexing of sPDCCH and sPDSCH.
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Figure 1 Probability of blocking
As a result, the sCCEs corresponding to sPDCCH candidate m in the search space are given by
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 is the total number of sCCEs in the RB set p in subframe k. 
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Proposal 3: A limited number of values of start sCCE offset should be introduced to define search space for sPDCCH to reduce probability of blocking. The value of start sCCE offset can be informed by sDCI2 or RRC.
3 Search space of PDCCH for a UE in sTTI mode
It has been agreed in RAN1 #90 meeting that the number of PDCCH candidate(s) M_sDCI^((L)) at aggregation level L for monitoring sDCI1 in legacy PDCCH region is determined by higher layer signalling, independent on the number of M_L at aggregation level L for monitoring DCI. It has been also agreed in RAN1 #87 meeting that a UE can be dynamically (with a subframe to subframe granularity) scheduled with legacy TTI unicast PDSCH and/or short TTI unicast PDSCH. Then blind decoding attempts of PDCCH carried DCI and sDCI and sPDCCH carried sDCI should be both taken into account for processing delay of DL control channel. When a UE is worked in short TTI mode, it has less possibility to transmit the traffic used legacy PDSCH simultaneously. So fewer candidates for PDCCH carried DCI would be enough for a UE worked in short TTI mode. For example, part of legacy PDCCH USS (with reduced aggregation levels and/or candidates) can be indicated by RRC or sDCI 2.
Proposal 4: Blind decodes of legacy DCI should be also limited for a UE in short TTI mode.

4 Conclusion

According to the analysis given above, we have the following proposals: 
Proposal 1: For 2/3os sTTI, M_total = 3 if two different sDCI size are supported for each TM or M_total = 6 if only one sDCI size is supported for each TM. 
Proposal 2: Two sub-sets sTTI with different number of sPDCCH candidates per AL is supported in non-MBSFN subframe.
· sTTI #1, #3, #5 with CRS belongs to set #1 and sTTI #2, #4 without CRS belongs to set #2.

Proposal 3: A limited number of values of start sCCE offset should be introduced to define search space for sPDCCH to reduce probability of blocking. The value of start sCCE offset can be informed by sDCI2 or RRC.
Proposal 4: Blind decodes of legacy DCI should be also limited for a UE in short TTI mode.
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6 Annex

Table A-1 Simulation Assumptions
	Parameters
	Value

	Total number of sCCE
	16

	Total number of sDCI
	10

	TTI
	10000

	Probability
	AL8 
	3%

	
	AL4
	7%

	
	AL2 
	40%

	
	AL1
	50%

	Candidates
	AL8 
	2

	
	AL4
	2

	
	AL2 
	2

	
	AL1
	2
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