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Discussion and decision
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 
In [3], search space of sTTI operation has been extensively discussed over many issues. For our company views, see [3]. In this contribution, we more focus on the remaining issues to discuss further.
Multiplexing of sPDCCH and sPDSCH
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Figure 1: Multiplexing of sPDCCH and sPDSCH for 2-symbol sTTI

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.

 For DMRS-based sPDCCH, it can be assumed to have FDM between DMRS-based sPDCCH and sPDSCH as shown in Figure 1-(b). Also for CRS-based sPDCCH, sPDCCH and sPDSCH can be FDMed according to DMRS design. If DMRS for sPDSCH uses OCC in the time domain similar to legacy LTE DMRS, both CRS-based and DMRS-based sPDCCH should be FDMed with sPDSCH unless sPDCCH and sPDSCH share DMRS.  
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Figure 2: Multiplexing of sPDCCH and sPDSCH for slot sTTI
 
In Figure 2-(a), multiplexing between CRS-based sPDCCH and sPDSCH is illustrated for slot sTTI, where they are TDMed similarly to the case between legacy PDCCH and PDSCH. In Figure 2-(b), multiplexing between DMRS-based sPDCCH and sPDSCH is illustrated, where they are FDMed similarly to the case between legacy EPDCCH and PDSCH.
Proposal 1: A scheduled UE can be informed that there is no sPDCCH for other UEs in the scheduled PRBs for sPDSCH.
There are four combinations for sPDCCH and sPDSCH with CRS and DMRS: 1) CRS-based sPDCCH and CRS-based sPDSCH, 2) CRS-based sPDCCH and DMRS-based sPDSCH, 3) DMRS-based sPDCCH and CRS-based sPDSCH, and 4) DMRS-based sPDCCH and DMRS-based sPDSCH. The proposals are summarized as below for 2-symbol sTTI and slot sTTI.


Proposal 2: For 2-symbol sTTI, CRS-based sPDCCH and CRS-based sPDSCH can be TDMed. 

Proposal 3: For 2-symbol sTTI, CRS-based sPDCCH and DMRS-based sPDSCH is FDMed. 

Proposal 4: For 2-symbol sTTI, DMRS-based sPDCCH and CRS-based sPDSCH is FDMed. 

Proposal 5: For 2-symbol sTTI, DMRS-based sPDCCH and DMRS-based sPDSCH is FDMed. 

Proposal 6: For slot sTTI, CRS-based sPDCCH and CRS-based sPDSCH can be TDMed. 

Proposal 7: For slot sTTI, CRS-based sPDCCH and DMRS-based sPDSCH can be TDMed. 

Proposal 8: For slot sTTI, DMRS-based sPDCCH and CRS-based sPDSCH is FDMed. 

Proposal 9: For slot sTTI, DMRS-based sPDCCH and DMRS-based sPDSCH is FDMed. 

3 Conclusions
In this contribution, the aspects of sPDCCH multiplexing with data are discussed. It can be summarized as below. 
Proposal 1: A scheduled UE can be informed that there is no sPDCCH for other UEs in the scheduled PRBs for sPDSCH.
Proposal 2: For 2-symbol sTTI, CRS-based sPDCCH and CRS-based sPDSCH can be TDMed.
Proposal 3: For 2-symbol sTTI, CRS-based sPDCCH and DMRS-based sPDSCH is FDMed.
Proposal 4: For 2-symbol sTTI, DMRS-based sPDCCH and CRS-based sPDSCH is FDMed.
Proposal 5: For 2-symbol sTTI, DMRS-based sPDCCH and DMRS-based sPDSCH is FDMed.
Proposal 6: For slot sTTI, CRS-based sPDCCH and CRS-based sPDSCH can be TDMed.
Proposal 7: For slot sTTI, CRS-based sPDCCH and DMRS-based sPDSCH can be TDMed.
Proposal 8: For slot sTTI, DMRS-based sPDCCH and CRS-based sPDSCH is FDMed.
Proposal 9: For slot sTTI, DMRS-based sPDCCH and DMRS-based sPDSCH is FDMed.
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