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1 Introduction
In RAN1#88, the following agreements were made for legacy TTI and short TTI transmissions [1]: 
Agreements:
· In case of collision between sPUSCH and sPUCCH in the same sTTI on a given carrier for a UE

· The UE transmits both sPUSCH and sPUCCH if the UE is indicating the capability of and is configured with simultaneous transmission of sPUSCH and sPUCCH

· Otherwise, the UE transmits only sPUSCH including UCI of sPUCCH
· FFS whether some priority rule applies for inclusion of UCI from sPUCCH
· FFS between 
· If UE is indicating the capability of and is configured with simultaneous transmission, it applies to both sPUSCH/sPUCCH and PUSCH/PUCCH

· Separate capability signaling and configuration of simultaneous transmission for sPUSCH/sPUCCH and PUSCH/PUCCH are defined

In this paper, we discuss the design of UCI on sPUSCH.
2 Discussion
Since it was agreed that the UE transmits only sPUSCH including UCI from sPUCCH if sPUCCH and sPUCCH collides and when simultaneous transmission of sPUCCH and sPUSCH is not supported by the UE or disabled by higher layer signaling, UCI of sPUCCH on sPUSCH should be designed. Since the sPUCCH and sPUSCH is aligned in time, UCI on sPUSCH should be specified similar as legacy behavior. To reduce the impact on data transmission, HARQ-ACK should be transmitted on sPUSCH by puncturing the data so as not to impact the coding rate of data when DL transmission is missed. CSI and RI can be multiplexed with data since the bits of CSI and RI is fixed according to the feedback periodicity. For sPUSCH with 1-slot sTTI length, legacy UCI mapping rule in one slot can be directly reused. For sPUSCH with 2-symbol/3-symbol sTTI length, frequency diversity transmission of HARQ-ACK/RI should be considered when mapping UCI on sPUSCH since there is less or no time domain diversity sTTI considering with legacy. Otherwise, the performance of HARQ-ACK/RI will be degraded a lot if HARQ-ACK/RI are mapped localized at some PRBs with deep channel fading or high interference. Since there may be different data and RS structures in one 2-symbol/3-symbol sTTI as discussed in [3], UCI on sPUSCH can be separately defined for structures with different number of data symbols. This can achieve time domain diversity when there are more than 1 data symbols but may introduce many UCI on sPUSCH patterns depends on the number of data and RS structures supported for 2-symbol/3-symbol sTTI. Alternatively, a unified solution can be defined for all data and RS structures which means one 1 symbol can be used for UCI transmission since there is a structure of one symbol for data.
In case of sPUCCH collides with PUSCH as discussed in [2] , method should be defined for transmitting UCI from sPUCCH on PUSCH when simultaneous transmission of sPUCCH and PUSCH is not supported by the UE or disabled. As sPUCCH may not be aligned with PUSCH in time domain, UCI of sPUCCH may not be mapped on the SC-FDMA symbols used to carry UCI as defined in legacy system. Thus, new UCI mapping rule should be further defined for UCI from sPUCCH when piggybacked on PUSCH. For example, UCI from sPUCCH can be mapped on the symbols on PUSCH that overlapped with sPUCCH. But when sPUCCH is overlapped with DMRS of PUSCH, this cannot work. Alternatively, UCI of sPUCCH can be mapped on the symbols as earlier as possible and close to DMRS. The HARQ-ACK\P-CSI\SR mapping rule on the determined symbols of PUSCH with UCI can follow the same UCI mapping rules as defined for the case of UCI of sPUCCH on sPUSCH.
In case of PUCCH collides with sPUSCH as discussed in [2], method should be defined for transmitting UCI from PUCCH on sPUSCH when simultaneous transmission of PUCCH and sPUSCH is not supported by the UE or disabled. This will reduce the coverage of UCI since sPUSCH has shorter TTI length compared with PUCCH. The same UCI mapping rule as defined for the case of UCI of sPUCCH on sPUSCH can be reused. Furthermore, if there are multiple sPUSCH in the subframe of PUCCH, selection rule should be defined to select one or more sPUSCH to carry the UCI of PUCCH. For example, always select the first or the last one, or select the sPUSCH with periodic CSI (if any) to carry periodic CSI on PUCCH and select the sPUSCH with HARQ-ACK (if any) to carry HARQ-ACK on PUCCH.

Proposal 1: When UCI from sPUCCH is piggybacked on sPUSCH, UCI on sPUSCH should be specified by following the legacy behavior as much as possible for sPUSCH with different sTTI lengths.
Proposal 2: For sPUSCH with 1-slot sTTI length, legacy UCI mapping rule in one slot can be directly reused when UCI from sPUCCH is piggybacked on sPUSCH.

Proposal 3:  Frequency diversity transmission of HARQ-ACK/RI on sPUSCH should be considered.
3 Conclusions
Based on the above discussion, we have the following proposals:
Proposal 1: When UCI from sPUCCH is piggybacked on sPUSCH, UCI on sPUSCH should be specified by following the legacy behavior as much as possible for sPUSCH with different sTTI lengths.

Proposal 2: For sPUSCH with 1-slot sTTI length, legacy UCI mapping rule in one slot can be directly reused when UCI from sPUCCH is piggybacked on sPUSCH.

Proposal 3:  Frequency diversity transmission of HARQ-ACK/RI on sPUSCH should be considered.
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