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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 UCI on sPUSCH.
2 Discussions 
Whether to support multiplexing of UCI on sPUSCH


During SI, the following is concluded about UCI on sPUSCH.

	The following principles on sPUSCH are recommended to be supported:

- UCI transmission on sPUSCH is supported.
· NOTE: The UCI herein refers to at least the ones for sTTI operations.




For legacy LTE, HARQ-ACK punctures UL data RE’s so that the effective code rate for PUSCH increases due to the puncturing. Compared to the legacy LTE, 2symbol sTTI has much smaller number of SC-FDMA symbols. For allowing UCI on sPUSCH for 2symbol sTTI, sPUSCH BLER performance should be seen. 
Proposal 1: BLER performance of sPUSCH should be evaluated when UCI on sPUSCH is allowed, especially for 2symbol sTTI.

Puncturing or rate matching of HARQ-ACK

For UCI on PUSCH in LTE, HARQ-ACK punctures UL data RE’s instead of rate matching. This is because of the possibility that the eNB misunderstands whether or not UE sends HARQ-ACK in the PUSCH (can occur in Rel-8 in FDD, or for SPS PUSCH, or for non-adaptive retransmission though PHICH). As a result of puncturing instead of rate matching, BLER performance of UL data becomes worse and, for low target BLERs, error floors can exist even for modest puncturing. Moreover, after Rel-8 LTE, multiple ways have been introduced to avoid the misunderstanding between a UE and an eNB on whether or not the UE sends HARQ-ACK in PUSCH – e.g. the HARQ-ACK codebook determination as in eCA, etc.
Proposal 2: Consider rate matching sPUSCH when HARQ-ACK is transmitted in sPUSCH.
3 Conclusions
In this contribution, the aspects of UCI on sPUSCH are discussed. It can be summarized as below. 
Proposal 1: BLER performance of sPUSCH should be evaluated when UCI on sPUSCH is allowed, especially for 2symbol sTTI.
Proposal 2: Consider rate matching sPUSCH when HARQ-ACK is transmitted in sPUSCH.
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