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1. Introduction

In RAN#73, the revised WID of an LTE work item on shortened TTI and processing time was approved as follows [1]. 

	· Complete the following objectives (including striving to complete the corresponding ASN.1) by RAN#76, with further discussions on which release to include the following objectives in future RAN meetings 

· Processing time reduction for legacy 1ms TTI, for FS1/2/3

· For FS1, sPDCCH/sPDSCH/sPUSCH/sPUCCH design based on

· 2-symbol for sPDCCH/sPDSCH

· 2-symbol for sPUSCH/sPUCCH

· CRS based and DMRS based sPDCCH/sPDSCH for FS1

· DL CA and UL non-CA for FS1

· The other objectives will be completed by RAN#77 as currently planned, and will be discussed in WG meetings before RAN#76


In this contribution, we discuss several aspects on UCI on sPUSCH. 
2. UCI on sPUSCH
In current LTE, if simultaneous transmission of PUCCH and PUSCH is not configured to a UE, UCI is transmitted via PUSCH. Specifically, CQI/PMI is mapped in time-first frequency-second manner and RI is mapped on the second nearest symbols to DM-RS from the last frequency index. The UL-SCH data is rate-matched around CQI/PMI and RI. Since HARQ-ACK has the highest priority to be protected, the HARQ-ACK is mapped on the nearest symbols from DM-RS to potentially exploit the best channel estimation accuracy. To avoid ambiguity due to miss detection of DL grant, the HARQ-ACK is mapped by puncturing UL-SCH. For UCI mapping on sPUSCH, the above legacy mapping rules can be mostly reused. For extremely short sTTI length case (e.g., 2-symbol UL sTTI), some exceptional rule can be considered. For instance, under some conditions, RI (and CQI/PMI) can be also mapped on the nearest symbol to DM-RS similar to HARQ-ACK and the RI (and CQI/PMI) can be mapped from the opposite way from HARQ-ACK mapping in frequency domain (i.e., RI (and CQI/PMI) mapping from the first frequency index and HARQ-ACK mapping from the last frequency index). To protect RI as much as possible, RI can be mapped first and then CQI/PMI can be followed. 
Proposal 1: For UCI mapping on sPUSCH, the legacy rule should be reused and some exception can be considered for very short sTTI length case. 
The number of REs for HARQ-ACK on PUSCH is a function of code rate and 
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 configured by higher layer. Since the number of REs would become relatively small for sPUSCH, new 
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 for sPUSCH may need to be introduced to increase DTX detection probability, which will be larger than that for legacy PUSCH. 
In current LTE, the following equation is used for PUSCH power control [2]: 
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 is given by the parameter deltaMCS-Enabled provided by higher layers for each serving cell 
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 is the number of code blocks, 
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 is the number of CQI/PMI bits including CRC bits  and 
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 are defined in [4]. 


Regardless of whether UCI is transmitted on PUSCH or not, BPRE is derived by the number of REs for PUSCH transmission. Considering the shortage of resource due to short TTI length, the portion of UCI REs may become larger. If the definition of 
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 is changed to the number of REs with excluding the number of UCI REs, then the transmit power for PUSCH transmission will be higher, which may improve the decoding performance of UL-SCH with UCI. Or, more simply some power offset can be considered only when UCI is transmitted on sPUSCH. 
Proposal 2: The enhancement for the small resource of UCI should be considered.
If a UE is configured with simultaneous transmission of sPUSCH and sPUCCH, UCI can be transmitted on sPUCCH. Otherwise, UCI can be piggybacked onto sPUSCH as legacy since it was agreed that the TTI length of sPUSCH is the same as that of sPUCCH in a given subframe for one UE. Further discussion is needed on necessity of separated capability signalling on simultaneous transmission of sPUSCH and sPUCCH. 
Proposal 3: If a UE is configured with simultaneous transmission of sPUSCH and sPUCCH, UCI can be transmitted on sPUCCH. Otherwise, UCI can be piggybacked onto sPUSCH as legacy.
3. Conclusions

In this contribution, we discussed several aspects regarding UCI on sPUSCH. Based on the above discussions, our proposals are given as follows:

Proposal 1: For UCI mapping on sPUSCH, the legacy rule should be reused and some exception can be considered for very short sTTI length case.
Proposal 2: The enhancement for the small resource of UCI should be considered.
Proposal 3: If a UE is configured with simultaneous transmission of sPUSCH and sPUCCH, UCI can be transmitted on sPUCCH. Otherwise, UCI can be piggybacked onto sPUSCH as legacy.
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