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1. Introduction
At the RAN1 #85 meeting and RAN1 #88bis meeting, agreements and working assumptions on sPDCCH multiplexing with data and sPDCCH time-/frequency-domain resources were achieved as following [1] – [2]:
	Agreement:
· Confirm the working assumption
· Working Assumption:
· CRS-based sPDCCH is recommended to be supported 
· FFS whether CRS-based sPDCCH can be transmitted in the legacy PDCCH region 
· DMRS-based sPDCCH is recommended to be supported 
· Design of both CRS-based sPDCCH and DMRS-based sPDCCH will be studied further. 
· From resource utilization perspective, sPDSCH assigned by a sPDCCH can be mapped to resources that are left unused by any sPDCCH
· Details are for further study, e.g., FFS whether unused resources are RB or RE level

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



In this contribution, we discuss resource sharing between sPDCCH and sPDSCH.
2. Resource sharing between sPDCCH and sPDSCH
The overhead such as control and RS of sTTI is certainly larger than that of 1ms TTI. Therefore, besides latency reduction, overhead reduction is also one of the design targets need to be achieved. Dynamic and efficient resource sharing between sPDCCH and sPDSCH is one important aspect to reduce the control overhead, improve the spectral efficiency. There are two general approaches to enable this; implicit way and explicit way. In the following we analyze the pros/cons of these approaches.

Implicit approach
The implicit approach makes use of the fact that the UE can detect own sDCI by CRC check. The sPDCCH scheduling a sPDSCH can be embedded in the scheduled resources of the sPDSCH since the target UE is the same between the sPDCCH and the sPDSCH (Fig. 1 (a)). The resources not scheduled for any sPDSCH can also be used to transmit sPDCCHs (Fig. 1 (b)). UL grant can be mapped if the sPDCCH resource is occupied by the sPDSCH scheduled to the UE for which the UL grant is mapped, or if the sPDCCH resource is not occupied by any sPDSCH (Fig. 1 (c)).
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Fig. 1	Implicit approach for resource sharing.

The problem of the above approach is its scheduler restriction. In general, scheduler should prioritize scheduling data over control; control scheduling should be done afterwards such that the scheduled data is/are properly delivered. However, in the above scheme, data scheduling cannot be done solely, since it is based on the consequence of control scheduling. 
Transmission of sDCI(s) not targeting the overlapping sPDSCH (e.g., UL grant for UEs not scheduled with sPDSCH) is also problematic. If the sDCI(s) not targeting the overlapping sPDSCH is/are actually transmitted, the performance of sPDSCH is significantly degraded since the UE cannot be aware of the presence of sDCI(s). In order to enable this, eNB scheduler should puncture the resources of sPDSCH overlapped by the sDCI(s), and should reduce coding rate of the sPDSCH such that the overlapping sDCI(s) can be acceptable to decode the sPDSCH. 

To alleviate the scheduler restriction, having some additional rules are useful:
· Rule 0: UEs are assumed to share sPDCCH candidates (or assumed to share sPDCCH search space).
· Rule 1: If a DL grant is not overlapped with its scheduling sPDSCH, the UE assumes all the sPDCCH candidates overlapped with the scheduled sPDSCH resources are not occupied by the sPDCCH, and the scheduled sPDSCH spans over the whole resources.
· Rule 2: Otherwise if a DL grant is overlapped with its scheduling sPDSCH, the UE assumes all the sPDCCH candidates overlapped with the scheduled sPDSCH resources are occupied by sPDCCH, and the scheduled sPDSCH will be punctured at around the sPDCCH candidates overlapped with the sPDSCH (see Fig. 2).
With the rules 1 and 2, flexibility in scheduling control and data can be improved. Nevertheless, the original benefit of implicit approach is still kept unchanged.
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Fig. 2	Improved implicit approach for resource sharing.

With the improved implicit approach, all the sPDCCH candidates in the scheduled sPDSCH resources are assumed to be occupied by the sPDCCHs, and these resources in the sPDSCH are punctured. Therefore, the overhead of sPDCCH for the scheduled sPDSCH would be large especially if the scheduled sPDSCH and its scheduling DL grant are overlapped. In order to alleviate this, rule 2 can be replaced by the following rule 2’:
· Rule 2’: Otherwise if a DL grant is overlapped with its scheduling sPDSCH, the UE assumes the sPDCCH candidates satisfying a particular condition overlapped with the scheduled sPDSCH resources are occupied by sPDCCH, and the scheduled sPDSCH will be punctured at around the sPDCCH candidates satisfying the particular condition overlapped with the sPDSCH (see Fig. 3).
· The condition: sPDCCH candidate index lower than a certain threshold.
With this way, not all sPDCCH candidates of a given sPDSCH resources are punctured and hence, sPDSCH performance can be improved. eNB can control how much puncturing for sPDCCH candidates is desirable if it is possible to schedule control and data jointly.
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Fig. 3	Further improved implicit approach for resource sharing.

Explicit approach
eNB tells the scheduled UE by L1 signalling about which sPDCCH candidates overlapped with the scheduled sPDSCH are punctured. Instead of puncturing, rate-matching may be applicable. Considering the limited time budget for UE processing time, puncturing would be better choice. However, in order to enable flexibility/efficiency achieved in improved or further improved implicit approach, larger L1 overhead increase may be unavoidable. Depending on the detailed sPDCCH design, the basic unit constructing one sPDCCH, the unused sPDCCH resource is RB level or RE level can be decided.  

Proposal 1:
· Resource sharing between sPDCCH and sPDSCH is done by either implicit way or explicit way.
· Implicit approach or further implicit approach could achieve flexibility in control/data scheduling and efficiency of resource utilization.
· In case of explicit approach, L1 signalling overhead increase should be taken into account.

3. Conclusion
In this contribution, we discussed resource sharing between sPDCCH and sPDSCH and proposed following:
Proposal 1:
· Resource sharing between sPDCCH and sPDSCH is done by either implicit way or explicit way.
· Implicit approach or further implicit approach could achieve flexibility in control/data scheduling and efficiency of resource utilization.
· In case of explicit approach, L1 signalling overhead increase should be taken into account.
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