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1. Introduction
In RAN1 #90 meeting, following agreements were made on DL sTTI. [1]:
	Agreement:
· 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.


Based on these agreements, we discuss some issues related to search space for shortened TTI in this contribution.

2. Discussion
2.1. Configuration of RB set for sPDCCH
In RAN1#90 meeting, it was agreed that different number of sPDCCH candidates per aggregation level to be monitored is supported for different sTTI index. In our view, the main motivation of having different search space at different sTTI index is to handle different effective REs for sPDCCH candidates due to CRS and/or CSI-RS. Given the aggregation levels are {1, 2, 4, 8}, if the number of effective REs becomes smaller, utilizing doubled AL values similar to ePDCCH design can be considered. In this sense, instead of configuring a set of ALs with the number of candidates per sTTI respectively, to minimize the configuration overhead, configuring two groups of a set of ALs with the number of candidates, where sTTIs with lower effective REs can form a group and sTTIs with higher effective REs can form the other group. For example, sTTI indices can be grouped into two groups according to whether the corresponding sTTI index includes CRS or not. (e.g., group 1: sTTI #2,4 / group 2: sTTI #0,1,3,5) Then, two sPDCCH candidate values can be configured for the number of sPDCCH candidates per aggregation level.
Proposal 1: Up to two groups of a set of ALs with the number of candidates can be configured at each subframe where each group corresponds to a subset of sTTIs within a subframe.
Regarding the MBSFN subframe, there are different approaches possible as follows.
(1) Configure both CRS-based and DM-RS based RB set for sPDCCH monitoring where both RB sets are valid in non-MBSFN subframe while only DM-RS based RB set will be monitored in MBSFN subframe. 
A. In terms of BD split, the following options can be considered.
i. The configured BDs are used where the smaller number of BDs are used in MBSFN subframes as the UE monitors only DM-RS based RB set in MBSFN subframes.
ii. The number of BDs for each RB set can be differently configured in non-MBSFN and MBSFN subframes. For example, in non-MBSFN subframes, equally distributed number of candidates can be considered between two RB sets whereas in MBSFN subframes, all BD candidates are configured in DM-RS based RB sets. This would require configuration of BD candidates per each RB set differently per subframe. 
iii. Another approach is to utilize the above mentioned different groups of a set of ALs with the number of candidates. As one group is for the cases where effective REs become lower due to CRS/CSI-RS overhead, it can be used in non-MBSFN subframes where CRS is present in the sTTI. The other group with higher effective REs can be used for MBSFN subframes as well as sTTIs in non-MBSFN subframes without CRS.
(2) Configure both CRS-based and DM-RS based RB set for sPDCCH monitoring where only CRS-based RB set are valid in non-MBSFN subframe while only DM-RS based RB set will be monitored in MBSFN subframe. In this case, the same set of ALs with number of candidates can be monitored in both non-MBSFN and MBSFN subframes though diferent RB set is used respectively. Alternatively, different set of ALs with candidates can be configured per each RB set respectively. 
Proposal 2: No separate DMRS-based RB set configuration for non-MBSFN and MBSFN subframe is needed.
Proposal 3: One of two groups of a set of ALs with the number of candidates for DM-RS based RB set (if configured) in non-MBSFN subframe can be reused for handling of MBSFN subframes.

2.2. Structure of search space
In determining candidates of an AL, we should define (1) how to locate the first CCE index and (2) how each candidates are constructed based on the first CCE index. First, in determining (2), we can consider contiguous approach as in PDCCH and non-contiguous approach in ePDCCH. It seems that there is no clear motivation of having discontinuous mapping which may complicate the use of control-data multiplexing. Even the frequency selective scheduling gain can be achieved with contiguous approach at a certain level because of the definition for sREG which spans one RB. In this sense, we can consider that PDCCH hashing function can be reused with potential slight modification to allow configurability of . 
As discussed in email discussion [90-07], the hashing function of sPDCCH can be defined as

where i=0,… ,L-1,  is the total number of sCCEs in sPDCCH RB set p of sTTI k, m=0,…,-1 and  is the number of sPDCCH candidates to monitor at aggregation level L in sTTI k.
[bookmark: _GoBack]eNB can have flexibility by configuring the starting sCCE index of sPDCCH search space for each aggregation level with higher layer signalling. This operation enables nested structure in which channel estimation can be shared among different sPDCCH candidates or efficient multiplexing of control/data. Another consideration is to align hashing among different UEs such that better ICIC can be handled and/or localized (in logical CCE domain) mappings of sPDCCH of UEs can be supported. 
To support this, one approach is to configure  with higher layer signalling instead of using UE RNTI such that all candidates of UEs are aligned in each instance. Note that PDCCH hashing function defines  by  where , A=39827, D=65537, and ,  is the slot number within a radio frame. For sPDCCH hashing function, similar to ,  can be defined as  and the definition of k can be changed as sTTI index, which will enable inter-sTTI randomization of starting sCCE index for each aggregation level. eNB can configure  by higher layer signaling in order to determine the starting sCCE index of an sPDCCH search space per aggregation level and per RB set.
Proposal 4: The hashing function of PDCCH search space can be reused for that of sPDCCH search space.
Proposal 5: eNB can configure  by higher layer signaling in order to determine the starting sCCE index of sPDCCH search space per aggregation level and per RB set.
3. Conclusion
In this contribution, we discussed some issues related to search space for shortened TTI.
Proposal 1: Up to two groups of a set of ALs with the number of candidates can be configured at each subframe where each group corresponds to a subset of sTTIs within a subframe.
Proposal 2: No separate DMRS-based RB set configuration for non-MBSFN and MBSFN subframe is needed.
Proposal 3: One of two groups of a set of ALs with the number of candidates for DM-RS based RB set (if configured) in non-MBSFN subframe can be reused for handling of MBSFN subframes.
Proposal 4: The hashing function of PDCCH search space can be reused for that of sPDCCH search space.
Proposal 5: eNB can configure  by higher layer signaling in order to determine the starting sCCE index of sPDCCH search space per aggregation level and per RB set.
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