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1 Introduction

In RAN#72, the new work item for shortened TTI and processing time for LTE was approved [1]. Regarding the shortened TTI, the updated WID was approved in RAN#73 [2]. The objectives of shortened TTI are as below.

	For Frame structure type 1: [RAN1, RAN2, RAN4]

· Specify support for a transmission duration based on 2-symbol sTTI and 1-slot sTTI for sPDSCH/sPDCCH 

· Specify support for a transmission duration based on 2-symbol sTTI, 4-symbol sTTI, and 1-slot sTTI for sPUCCH/sPUSCH 

· Down-selection is not precluded

· Study any impact on CSI feedback and processing time, and if needed, specify necessary modifications (not before RAN1 #86bis)

For Frame structure type 2: [RAN1, RAN2, RAN4]

· Specify support for a transmission duration based on 1-slot sTTI for sPDSCH/sPDCCH/sPUSCH/sPUCCH

· Study any impact on CSI feedback and processing time, and if needed, specify necessary modifications (not before RAN1 #86bis)


This contribution considers the aspects of sPDCCH multiplexing with data.
2 Discussions 

For 2-symbol sTTI, if CRS-based sPDCCH and sPDSCH are mapped in different OFDM symbols, the control overhead would be too high so that it is needed to use available REs in both symbols for sPDSCH. Let’s assume that sPDCCH in each sTTI indicates the PRB’s, which are used for sPDSCH transmission. Then, if a RE in the scheduled PRBs by sPDCCH to use sPDSCH transmission is already mapped with sPDCCH, the RE cannot be used for sPDSCH. This mapping method is shown in Figure 1-(a). For this method, the UE needs to be able to assume that there is no sPDCCH for other UEs in the scheduled PRBs. The information whether or not UE uses the remaining resource in the first symbol for sPDSCH can be informed by higher layer signaling or L1 signaling.
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Figure 1: Multiplexing of sPDCCH and sPDSCH for 2-symbol sTTI
In followings, the multiplexing between sPDCCH and sPDSCH is discussed. Those were also discussed through the email discussion of [90-08].
· Issue 1: CRS-based sPDCCH scheduling DMRS-based sPDSCH 
2/3OS sTTI has at most 3 symbols in an sTTI. Basically, CRS-based sPDCCH and DMRS-based sPDSCH can be FDMed within the sTTI. Also, when only 1 symbol is configured for an sPDCCH RB set with CRS, the same PRB within the sTTI can be used to map both sPDCCH and DMRS-based sPDSCH. In this case, the DMRS for sPDSCH can be mapped to the second and third symbols of the sTTI. 
Proposal 1: When only 1 symbol is configured for an sPDCCH RB set with CRS, the same PRB within the sTTI can be used to map both sPDCCH and DMRS-based sPDSCH.
· Issue 2: Mechanism to utilize unused resources by sPDCCH 

It was agreed to adopt a mechanism for unused sPDCCH resources. The issue is granularity of the resources to be used by indication, e.g., sREG, sCCE, sPDCCH candidates, sPDCCH RB set. The smaller granularity would provide better performance gain, however, it also bring the control overhead. Or, a UE can use the resources of a given sPDCCH RB set with rate matching around the sDCI scheduling the corresponding sPDSCH. For this, at most two bits are needed in an sDCI to indicate whether to utilize the resource configured to a given sPDCCH RB set. 
Proposal 2: For mapping sPDSCH, one-bit indication is used to utilize the resource configured for each sPDCCH RB set. 
3 Conclusions
In this contribution, the aspects of sPDCCH multiplexing with data are discussed. It can be summarized as below. 
Proposal 1: When only 1 symbol is configured for an sPDCCH RB set with CRS, the same PRB within the sTTI can be used to map both sPDCCH and DMRS-based sPDSCH.
Proposal 2: For mapping sPDSCH, one-bit indication is used to utilize the resource configured for each sPDCCH RB set.
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