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1. Introduction
At the previous RAN1 meetings, following agreements and working assumptions were achieved [1] – [2]:
	Agreements:
· One or multiple RB set(s) is configured by higher layer signaling for sPDCCH frequency resource of a UE
· FFS on the number of RB sets for a UE
· FFS on the number of RBs per set
· FFS the number of symbols per RB set

Working assumption
· A sPDCCH RB set can be configured to a UE by higher-layer signalling either with distributed or localized mapping of sCCE to sREG
· FFS if more than one RB set is supported 
· FFS if more than one set can be distributed/localized

Working assumption
· A UE can be configured with one or two sPDCCH RB set(s) containing the UE’s user-specific sTTI search space.
· FFS whether more than two can be configured to a UE
· To be confirmed by RAN1#89

Agreement:
· An sREG consists of 1 RB within 1 OFDM symbol including REs for CRS and/or DMRS applied to DMRS based sPDCCH

Working Assumption:
· An sREG consists of 1 RB within 1 OFDM symbol including REs for CRS and/or DMRS applied to CRS based sPDCCH
· To be confirmed by RAN1#89

Agreement:
The number of OFDM symbols per RB set for CRS based sPDCCH for 2/3-symbol sTTI is 1 or 2 configured by higher layer
· FFS: 
· UE capability on:
· The HARQ Ack/UL grant timing dependent on the number of configured symbols for CRS based sPDCCH 

Agreement:
· The number of OFDM symbols per RB set for CRS based sPDCCH for 1-slot sTTI is 1 or 2 configured by higher layer.
· FFS: 3 OFDM symbols

Agreement:
RAN1 will not pursue CDM-F based DMRS pattern for sPDCCH



In this contribution, we present our views on sPDCCH search space design.
2. sPDCCH search space
2.1. Number of sPDCCH PRB set(s)
A PDCCH candidate is distributed/localized over a set of PRBs configured by higher-layer. Within the sPDCCH PRB set, the mapping rule is semi-statically configured. Besides, how many sCCEs are used for one sPDCCH transmission depends on the DCI payload, channel environment, available resources for the sPDCCH transmission, etc and is not controllable in some cases. Therefore, in order to realize flexible resource adaptation for sPDCCH, using multiple sPDCCH PRB set(s) is useful.
Following examples are shown in Figure 1(a) and 1(b). Example 1 shows that two sPDCCH PRB sets are configured on different frequency portions, and depending on, e.g., legacy PDSCH scheduling, which sPDCCH PRB set is used is selected by the eNB. Example 2 shows that two sPDCCH PRB sets are configured with overlapped manner. Similar to example 1, if the available resource for sPDCCH is enough, wider sPDCCH PRB set 2 can be used to ensure the performance, while if the available resource for sPDCCH is less, then narrower sPDCCH PRB set 1 can be used to save the overhead, with higher aggregation level.
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(a) Example 1
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(b) Example 2
Fig. 1	Multiple sPDCCH PRB sets.

As explained above, using multiple sPDCCH PRB sets is useful to enable flexible operation of sTTI. So far, up to two sPDCCH PRB sets would be sufficient. For a given sTTI, doubling the number of blind decodes for sPDCCH would not be preferable. Therefore, we propose following:
Proposal 1:
· More than one sPDCCH PRB set is supported.
· Higher-layer configurations of search space, e.g., localized/distributed mapping, transmission scheme (CRS-based or DMRS-based), etc, are per sPDCCH PRB set.
· Total number of blind decodes per sTTI can be constant irrespective of whether the UE monitors one or two sPDCCH PRB sets.
· Multiple sPDCCH PRB sets can overlap on the same resource for a given sTTI.

Note that the use of sDCI2 for sPDCCH monitoring de-activation can also be considered. If the UE does not detect the sDCI2, the UE shall monitor sPDCCH based on higher layer configuration. If the UE detects the sDCI2 de-activating the UE to monitor either or both of the sPDCCH PRB sets, the UE can skip blind decodes of the sPDCCH.
Proposal 2:
· [bookmark: _GoBack]Use of sDCI2 for sPDCCH monitoring de-activation can be considered.

2.2. Number of OFDM symbols per sPDCCH PRB set
For 2-symbol sTTI, it was agreed that the number of OFDM symbols of a sPDCCH PRB set is up to 2 symbols. The 2-symbol sPDCCH PRB set can be the common design among sTTIs within the subframe irrespective of whether the sTTI has 2 or 3 symbols. 
For 1-slot sTTI, it is FFS whether the number of OFDM symbols of a sPDCCH PRB set can be 3 symbols. It was agreed that the sTTI design is not optimized for N_PRB <= 10 and hence, the number of symbols is not needed to be 4. However, considering that there are cases where N_PRB = 15 or N_PRB = 25, limiting sPDCCH PRB set to 2 symbols is a little restrictive. Even with N_PRB = 25, assuming one sCCE = 6 REGs, no sPDCCH multiplexing is available within the sPDCCH PRB set if there is a sPDCCH with aggregation level 8. Therefore, we prefer to support sPDCCH PRB set spanning 3 symbols for 1-slot sTTI.
For both cases, sDCI for the first sTTI in the subframe should be transmitted in the PDCCH region if the first sTTI exists. In order to make sure that this sDCI for the first sTTI does not increase the blind decoding complexity, the sDCI in the PDCCH region should have the same payload as one of the legacy DCI that the UE monitors. A sDCI scheduling sPUSCH should also be transmitted in the PDCCH region.
Proposal 3:
· For 1-slot sTTI,
· sDCI for the first slot is transmitted in the PDCCH region.
· sDCI in the PDCCH region should have the same payload as one of the DCI that the UE monitors.
· sDCI for the second slot is transmitted in the sPDCCH region.
· sPDCCH region can span up to 3 symbols.
· The number of symbols for sPDCCH in the second slot is configured by higher layer.
· For 2-OS sTTI,
· sDCI for the first sTTI in the subframe is transmitted in the PDCCH region in case of CFI=1.
· sDCI in the PDCCH region should have the same payload as one of the DCI that the UE monitors.
· sDCI for remaining sTTIs in the subframe is transmitted in the sPDCCH region.
· sPDCCH region can span up to 2 symbols.
· Number of symbols for sPDCCH region can be different between CRS-based and DMRS-based.

2.3. Number of blind decodes per sPDCCH PRB set per sTTI
Regarding the number of blind decodes for search space, following values should be addressed:
(1) Total number of blind decodes per subframe when the UE is configured with sPDCCH monitoring
(2) Number of blind decodes per sTTI or per sPDCCH PRB set per sTTI for 2-os sTTI and 1-slot sTTI
Considering that the sPDCCH monitoring itself is UE-specifically configured by higher-layer, the numbers of blind decodes for various cases can also be flexibly configured for UEs. Note that how/whether to reduce the number of blind decodes for PDCCH monitoring should be carefully considered; reducing the number of blind decodes for PDCCH increases PDCCH blocking probability for fallback case.
Proposal 4:
· The number of blind decodes for sPDCCH monitoring can be configured by higher-layer.
· FFS how/whether to change the number of blind decodes for PDCCH monitoring when the UE is configured with sPDCCH monitoring.

3. Conclusion
In this contribution, we discussed sPDCCH design and proposed the following:
Proposal 1:
· More than one sPDCCH PRB set is supported.
· Higher-layer configurations of search spece, e.g., localized/distributed mapping, transmission scheme (CRS-based or DMRS-based), etc, are per sPDCCH PRB set.
· Total number of blind decodes per sTTI can be constant irrespective of whether the UE monitors one or two sPDCCH PRB sets.
· Multiple sPDCCH PRB sets can overlap on the same resource for a given sTTI.
Proposal 2:
· Use of sDCI2 for sPDCCH monitoring de-activation can be considered.
Proposal 3:
· For 1-slot sTTI,
· sDCI for the first slot is transmitted in the PDCCH region.
· sDCI in the PDCCH region should have the same payload as one of the DCI that the UE monitors.
· sDCI for the second slot is transmitted in the sPDCCH region.
· sPDCCH region can span up to 3 symbols.
· The number of symbols for sPDCCH in the second slot is configured by higher layer.
· For 2-OS sTTI,
· sDCI for the first sTTI in the subframe is transmitted in the PDCCH region in case of CFI=1.
· sDCI in the PDCCH region should have the same payload as one of the DCI that the UE monitors.
· sDCI for remaining sTTIs in the subframe is transmitted in the sPDCCH region.
· sPDCCH region can span up to 2 symbols.
· Number of symbols for sPDCCH region can be different between CRS-based and DMRS-based.
Proposal 4:
· The number of blind decodes for sPDCCH monitoring can be configured by higher-layer.
· FFS how/whether to change the number of blind decodes for PDCCH monitoring when the UE is configured with sPDCCH monitoring.
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