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1 Introduction
This contribution discusses the search space design for sTTI operation, including the number of sPDCCH/PDCCH candidates per user, supported aggregation levels and definition of the search space.
2 Search space for sPDCCH
2.1 sPDCCH Multiplexing in search space 

If multiple sPDCCHs can be multiplexed in sPDCCH search space, the blind detection is needed at UE. Another alternative is that one sPDCCH search space contains DL grant for only one UE and different UEs use different sPDCCH search spaces in a sTTI. In this alternative, blind detection is simplified and processing delay can be reduced. However, more resources for non-shared sPDCCH including UL grant need to be predefined and result in low throughput for sTTI. Thus, multiple sPDCCHs should be allowed to share sPDCCH search space.

Proposal 1: Multiple sPDCCHs for different UEs should be allowed to share sPDCCH search space.
2.2 Aggregation levels and candidates
Blind detection mechanism for sPDCCH in sTTI is expected similar to legacy PDCCH blind detection. If maximum number of blind detection per sTTI is approximately the same across different sTTI and is equal to that of legacy PDCCH, blind detection complexity would linearly increase with number of sTTIs per subframe, which can result in  a too much high number of detections per 1ms for a UE. The maximum number of blind detections in each sTTI should be reduced in order to limit the total processing delay caused by blind detections. Consequently, the number of candidates and aggregation levels for sTTI UE should be reduced according to length of sTTI. Take UE-specific search space of legacy PDCCH as example, aggregation level 1, 2, 4, 8 CCEs with 16 candidates would bring 32 blind decoding attempts. For two 1-slot sTTIs in one subframe, half candidates could be reserved. For 6 2-OS sTTIs in one subframe, about 3 candidates could be reserved and 1 or 2 aggregation levels could be reserved. If only one DCI size can be used for short TTI, there could be about 6 candidates in one DL sTTI. Different aggregation levels could be used depending on different coverage's or channel conditions, so one or two aggregation level(s) with predefined number of candidates could be configured for UE in order to reduce maximum number of blind detection. For example, 2 aggregation levels are configured with nest structure, such as aggregation level 1 and 2. Low aggregation level has 2 or 4 candidates and high aggregation level has 1 or 2 candidates.
Proposal 2: Number of aggregation levels and candidates in search space for sTTI UE should be limited. Aggregation level(s) could be configurable, e.g. 2 ALs with total 6 candidates in each 2-OS DL sTTI.
2.3 Search space definition
As discussed in [1], 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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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 #86 meeting that legacy PDCCH can be used to transmit sDCI. 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 and sPDCCH 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 would be enough for a UE worked in short TTI mode. Meanwhile, in order to reduce processing delay on blind decoding, blind decoding attempts of PDCCH can be also limited. It is benefit for processing the DL sTTI after PDCCH region as soon as possible. Part of legacy PDCCH USS (with reduced aggregation levels and/or candidates) can be indicated by RRC or sDCI 2.
Proposal 4: PDCCH blind decoding attempts 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： Multiple sPDCCHs for different UEs should be allowed to share sPDCCH search space.
Proposal 2: Number of aggregation levels and candidates in search space for sTTI UE should be limited. Aggregation level(s) could be configurable, e.g. 2 ALs with total 6 candidates in each 2-OS DL sTTI.
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: PDCCH blind decoding attempts should be also limited for a UE with supporting short TTI traffic.
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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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