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1 Introduction

In the RAN1#89 meeting, the following agreements and work assumption on sPDCCH were achieved: 
· An sREG consists of 1 RB within 1 OFDM symbol including REs for CRS and/or DMRS applied to CRS based sPDCCH
· A CRS based sPDCCH RB set can be configured to a UE by higher-layer signalling either with distributed or localized mapping of sCCE to sREG

· FFS definition of localized mapping
· A UE can be configured to monitor at most two sPDCCH RB set(s) containing the sTTI USS in an sTTI.

· One sPDCCH candidate is contained within one RB set

· A sPDCCH RB set can be configured with at least the following information:

· A set of RBs 

· EPDCCH PRB allocation is reused

· Transmission scheme (e.g., CRS-based or DMRS-based)

· FFS: Dependent on subframe type

· Localized or distributed sCCE to sREG mapping (at least for CRS, and, if supported DMRS-based sPDCCH)

· FFS: Localized or distributed sPDCCH candidate to sCCE mapping

· Number of sPDCCH candidates/aggregation levels of the RB set

· FFS: Same or different sPDCCH candidates for different sTTI index

· Number of symbols for sPDCCH duration at least in case of CRS-based transmission

· RS scrambling sequence (e.g., VCID) in case of DMRS-based transmission

· FFS: other information (if needed)

· The number of OFDM symbols per RB set for DMRS based sPDCCH for 1-slot sTTI is 2

· The number of OFDM symbols for DMRS based sPDCCH for 2/3-symbol sTTI is

· 2 for 2-symbol sTTI#1,2,3,4

· FFS: 3 for 3-symbol sTTI#1 and #5

· FFS: sTTI#0

· SFBC is supported for CRS-based sPDCCH

· FFS number of antenna ports

· Single port DMRS-based sPDCCH demodulation is supported

· FFS bundling size

· FFS if two port DMRS-based sPDCCH demodulation is supported

· FFS bundling size

In the RAN1#88bis meeting, the following agreements and work assumption on sPDCCH were achieved: 
· An sREG consists of 1 RB within 1 OFDM symbol including REs for CRS and/or DMRS applied to DMRS based sPDCCH

· 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 

· 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

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

The detailed views on sPDCCH design have been given in [1]. This contribution discussed how to multiplex the sPDCCH RB sets for 2/3 symbol and 1-slot sTTI from different UEs.
2 Discussion on multiplexing sPDCCH for 2/3-symbol sTTI and 1-slot sTTI
From eNB point of view, in a given subframe, it is possible that one UE is scheduled with 2/3-symbol sPDSCH, but another UE is scheduled with 1-slot sPDSCH. There are three possible options to multiplex sPDCCH RB sets for 2/3-symbol sTTI and 1-slot sTTI:
· Option 1: shared sPDCCH RB set for 2/3-symbol sTTI and 1-slot sTTI

As shown in Figure 1, sPDCCH RB set in sTTI 3 is configured for 2/3-symbol sTTI and 1-slot sTTI, which means sPDCCH in this sPDCCH RB set can be used to schedule 2/3-symbol sPDSCH/sPUSCH and/or 1-slot sPDSCH/sPUSCH. 
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Figure 1. sPDCCH RB set shared for different sTTI length
Since sPDCCH for scheduling 1-slot sPDSCH/sPUSCH only needs to be placed in first symbols of a slot, it is possible that sPDCCH RB sets in other symbols of a slot are configured with smaller number of RBs than that in first symbols of a slot since it is only for 2/3-symbol sTTI. Note that a 1-slot sPDSCH cannot be scheduled on RBs for sPDCCH RB sets in sTTI 1, sTTI 2, sTTI 4 and sTTI 5.

· Option 2: overlapped sPDCCH RB set(s) for 2/3-symbol sTTI and 1-slot sTTI
As shown in Figure 2, in sTTI 3, sPDCCH RB sets for 2/3-symbol sTTI and 1-slot sTTI are overlapped partly, which means part of sPDCCH candidate(s) in these two sPDCCH RB sets are common.
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Figure 2. overlapped sPDCCH RB sets for different sTTI length
· Option 3: separate sPDCCH RB set(s) for 2/3-symbol sTTI and 1-slot sTTI

As shown in Figure 3, separate sPDCCH RB set(s) for 2/3-symbol sTTI and 1-slot sTTI are configured. With this option, different UEs with different sTTI length can only be allocated with separate sPDCCH regions and this operation could lead to inflexible sPDCCH region allocation and may decrease the frequency diversity gain. If a UE has different UL and DL length, sPDCCH RB set(s) should be configured according to DL sTTI length, because different RB sets for UL grant and DL assignment may increase the BDs.
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Figure 3. separate sPDCCH RB sets for different sTTI length

sPDCCH RB set(s) are configured semi-statically and/or indicated by sDCI 2 if supported, which means that the sPDCCH RB set(s) cannot be changed in the granularity of sTTI. However, frequency resources for sPDSCH should be allocated dynamically in each sTTI to avoid scheduling restriction. There is no clear motivation to limit such eNB scheduling flexibility. Therefore, all these three options should be supported, which can be configured by eNB.
Proposal: sTTI sPDCCH RB set design should allow separate/partially overlapped/fully overlapped resource allocation for 2/3-symbol and 1-slot sTTI. 

Note the sPDCCH RB set is configured by RRC signalling, or indicated by sDCI2 if support.

3 Conclusions
The contribution discusses the multiplexing of sPDCCH RB sets for 2/3 symbol and 1-slot sTTI. There is no clear motivation to limit the eNB scheduling flexibility of sPDCCH RB resource. Thus it is proposed that:

 Proposal: sTTI sPDCCH RB set design should allow separate/partially overlapped/fully overlapped resource allocation for 2/3-symbol and 1-slot sTTI. 

Note the sPDCCH RB set is configured by RRC signalling, or indicated by sDCI2 if support.
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