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1 Introduction
At the RAN1 #88Bis, multiple agreements and work assumptions were made regarding various aspects of the sPDCCH as follows: 

	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

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

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

· 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 on 3 OFDM symbols. 




In this contribution, we discuss the remaining open issues of sPDCCH design including the number of sPDCCH control resource sets, sREG definition for CRS-based sPDCCH tranamission etc.  
2. Discussion
2.1 The number of sPDCCH RB sets
In LTE, up to two control resources sets can be configured for ePDCCH channel to utilize resource efficiently without dynamic indication. For instance, two ePDCCH sets can be configured for a given UE and one of ePDCCH sets is common for all UEs, then an eNB scheduler may use the common ePDCCH set when the number of scheduled UE in a subframe is relatively small so that the unused EPDCCH set may be re-allocated for PDSCH transmission. In addition, a distributed ePDCCH set assumes to be always be configured at least for fallback support for localized ePDCCHs. Our understanding is that the same motivation is still hold for sPDCCH control resource set configuration and therefore the following is proposed: 

Proposal 1: Confirming the working assumption that a UE can be configured with one or two sPDCCH RB set(s) containing the UE’s user-specific sTTI search space
2.2  sREG definition for CRS-based sPDCCH

The sREG for DMRS-based sPDCCH transmission is defined to consist of 1 RB within 1 OFDM symbol including REs for CRS and/or DMRS and it would be benefitial to extend this sREG definition to the CRS-based sPDCCH. Using a same sREG definition for CRS-based sPDCCH transmission as well would allow the RB to be used as a physical layer building block for both types of sPDCCH transmission. It allows a unified search space design to achieve an efficient multiplexing between CRS-based and DMRS-based sPDCCHs within a control resource set and could improve resource efficiency and reduce block probability. Hence, we propose: 

Proposal 2: Confirming the work assumption that a sREG consists of 1 RB within 1 OFDM symbol including REs for CRS and/or DMRS applied to CRS based sPDCCH  
2.3 Blind decoding candidates of sPDCCH monitoring
The total number of BDs in one subframe increases linearly with the number of monitored DCI format sizes, the number of aggregation levels (ALs), candidates for each AL, and the total number of sTTIs. On top of the BD attempts for sPDCCH in each sTTI, BD attempts on CSS and USS of legacy PDCCH need to be performed by the UE as well, e.g., to receive broadcast messages and support dynamic switching between legacy TTI and sTTI on a subframe basis. 

Decoding of the sPDCCH directly impacts the UL and DL timing and RTT. To achieve the targeted latency reduction, it is important to limit the maximum number of BD attempts in each sTTI to reduce the sPDCCH decoding latency. More specifically, the same BD attempts within a subframe can be maintained as the legacy LTE, which is split over multiple sTTIs within a subframe. This also implies that the number of BD attempts would be decreased per each additional sTTI in a subframe. We discuss some methods on how to achieve this target in the following.
A UE needs to monitor two fast DCI formats per sTTI, one for DL assignment and the other for UL grants. By matching the payload of the two DCI formats, the number of BD attempts can be simply reduced to 50%. 

Proposal 3: Introduce a DL sDCI1 format and a UL sDCI1 format with the same size.  
Additional mechanisms to limit the number of aggregation levels within an sTTI can be also considered. To minimize the impact on scheduling flexibility, a smaller number of ALs and/or a reduced number of candidates corresponding to a given AL can be dynamically signaled using a slow DCI format, e.g., based on UE geometry. Note that higher ALs (e.g., AL8) need to be supported by the sPDCCH configuration in order to ensure the same coverage as the legacy PDCCH. 

Proposal 4: Refine the number of ALs and the corresponding candidates for sPDCCH monitoring by using a sDCI2.     
3. Conclusions
In this contribution, we discuss several aspects of S-PDCCH transmission. Based on the discussion, we make the following proposals:
Proposal 1: Confirming the working assumption that a UE can be configured with one or two sPDCCH RB set(s) containing the UE’s user-specific sTTI search space
Proposal 2: Confirming the work assumption that a sREG consists of 1 RB within 1 OFDM symbol including REs for CRS and/or DMRS applied to CRS based sPDCCH  

Proposal 3: Introduce a DL sDCI1 format and a UL sDCI1 format with the same size.  
Proposal 4: Refine the number of ALs and the corresponding candidates for sPDCCH monitoring by using a sDCI2.     
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