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1 Introduction

In RAN1#84bis and RAN1#85 meeting, the conclusion of PUSCH design for short TTI is as follows:
Agreements:

· A UE can be dynamically (with a subframe to subframe granularity) scheduled with PUSCH and/or sPUSCH

· A UE is not expected to transmit PUSCH and short TTI sPUSCH simultaneously on the same REs, i.e. by superposition

· FFS whether a UE may transmit PUSCH and short TTI sPUSCH in the same subframe on one carrier by puncturing PUSCH

· FFS whether a UE may transmit PUSCH and short TTI sPUSCH in different PRBs on the same symbol(s)

· Dropping/prioritization rules (if any) are FFS 
Agreement:

· For DM-RS of sPUSCH, the followings are recommended to be supported: 

· For the case of 1-slot TTI length, reuse the current DM-RS 

· For the case of less than 1-slot TTI length, support DM-RS sharing/multiplexing of consecutive TTIs from one or multiple UEs 

· At least 2 contiguous TTIs can be shared/multiplexed. FFS on sharing /multiplexing of more than 2 contiguous TTIs

· FFS on how to share/multiplex DM-RS (e.g., CDM, FDM, different BW between RS & data, and hybrid thereof) 

· FFS the DMRS position and whether it is indicated by eNB

In this contribution, we discuss PUSCH design for short TTI in terms of simultaneous transmissions of UL signals, UL power control and TBS on PUSCH. UCI on sPUSCH is provided in [1].
2 Simultaneous transmissions of UL signals 
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Figure 1. The case of both sPUSCH and PUSCH in the same time domain resources
In the current LTE, it is not supported for a UE to transmit more than one PUSCH in the same subframe on one carrier. 
In the mixed case of shortened TTI operation and legacy TTI operation, assuming eNB in subframe i sends the grant_1 corresponding to the PUSCH of subframe i+4 for one MBB traffic, when the low latency traffic arrives between subframe i and subframe i+4, the eNB may send the grant_2 corresponding to the sPUSCH of a sTTI also in subframe i+4. Hence, it is necessary to consider supporting simultaneous transmission of PUSCH and sPUSCH in the same subframe.

Based on [1], it is also necessary to study reduced processing latency for PUSCH with legacy 1ms TTI. Once a UE is configured to use the reduced processing latency to determine the HARQ timing for PUSCH with legacy 1 ms TTI, it should always use the reduced processing latency. Therefore, there is no clear benefit to simultaneous transmissions of multiples PUSCHs with legacy 1ms TTI on one carrier. 
Furthermore, in the current LTE, supporting the simultaneous transmissions of PUCCH and PUSCH is a UE capability. There needs to be another capability for simultaneous transmissions of PUSCH and sPUSCH. If a UE does not support simultaneous sPUSCH and PUSCH transmission or if eNB does not configure the UE to do so, then the UE shall prioritize between sPUSCH and PUSCH. 
Proposal 1: Simultaneous transmissions of sPUSCH and PUSCH should be a UE capability. 
Then, based on the above discussion, the possible solution about simultaneous PUSCH and sPUSCH transmission is:
· If the UE is configured for simultaneous PUSCH and sPUSCH transmission, the UE can simultaneously transmit PUSCH and sPUSCH if there is no power limited and there is no overlapping between sPUSCH and PUSCH in the frequency. If there is power limitation, in the SC-FDMA symbols in which both sPUSCH and PUSCH are transmitted, sPUSCH is prioritized. If sPUSCH and PUSCH overlaps in certain RBs, the UE shall transmit the sPUSCH in the overlapped RBs.  
· If the UE is not configured for simultaneous PUSCH and sPUSCH transmission, the UE shall prioritize sPUSCH in the SC-FDMA symbol in which both sPUSCH and PUSCH are scheduled.
Proposal 2: The UE shall prioritize sPUSCH if sPUSCH and PUSCH cannot be transmitted in the same SC-FDMA symbol.
3 UL power control

In the Rel.11 carrier aggregation, when the total transmission power of UE exceeds the maximum UE transmission power, channel type is considered for power scaling priority, that is,  PRACH>PUCCH>PUSCH with UCI > PUSCH without UCI > SRS. For the simultaneous transmissions of same type of channels, e.g., PUSCH without UCI, the power of each channel is equally scaled.  In the Rel.12 synchronized dual connectivity, the power scaling priority is determined by UCI type, as HARQ/SR > CSI > data > SRS.

In short TTI case, the transmission of sPUSCH with UCI, sPUSCH without UCI, sPUCCH, SRS, and PRACH channels may coincide with each other. In addition, considering DMRS sharing among sTTIs, there will be sPUSCH without DMRS, sPUSCH with DMRS, sPUCCH without DMRS, sPUCCH with DMRS. Hence, whether the DMRS is one priority level or not should be further studied.
Furthermore, if simultaneous transmission of sPUSCH and PUSCH is agreed, the UL power control needs to consider that case as well. 
4 TBS on PUSCH
TBS in short TTI should be studied. One straightforward solution is that the TBS in sTTI is proportionally scaled with the sTTI length. 
Proposal 3: TBS in sTTI is proportionally scaled with TTI length. 
5 Conclusion

In this paper, we discuss PUSCH design for short TTI about simultaneous transmissions of UL signals and UL power control, we have following proposal:
Proposal 1: Simultaneous transmissions of sPUSCH and PUSCH should be UE capability. 
Proposal 2: The UE shall prioritize sPUSCH if sPUSCH and PUSCH cannot be transmitted in the same SC-FDMA symbol.

Proposal 3: TBS in sTTI is proportionally scaled with TTI length. 
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