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1. Introduction

In RAN1#84 and #84bis meeting, the design principle related to sPUSCH transmission was discussed and the corresponding agreements were made as follows [1], [2]:

	Agreements in RAN1#84
· Following aspects are further studied in the next RAN1 meeting

· Note: But the study is not limited to them.

· Design of sPUSCH DM-RS

· Alt.1: DM-RS symbol shared by multiple short-TTIs within the same subframe

· Alt.2: DM-RS contained in each sPUSCH

· HARQ for sPUSCH

· Whether/how to realize asynchronous and/or synchronous HARQ
· sTTI operation for Pcell and/or SCells by (e)CA in addition to non-(e)CA case
Agreements in RAN1#84bis

· 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


In this contribution, we discuss several aspects on potential sPUSCH designs such as DM-RS, piggyback, and CA related operations. 

2. PUSCH design for shortened TTI
2.1. DM-RS design 

According to agreements in RAN1#84, the design of sPUSCH DM-RS can be classified as two options as follows: one is that DM-RS is contained per each sPUSCH and another is that DM-RS is shared by multiple short TTIs within the same subframe. Here, we further discuss the latter DM-RS design with various options. 

In order to alleviate the concern regarding DM-RS overhead, DM-RS can be shared by multiple short TTIs as already noted in multiple contributions [3]-[8]. In order to offer orthogonality among TTIs sharing the same DM-RS symbol for the symbol-sharing, several alternatives can be considered: 

· Alt 1: DM-RS for different TTIs are multiplexed by using different cyclic shift in CDM manner and same scheduled bandwidth of PUSCH is guaranteed at the TTIs sharing one DM-RS symbol. In this case, the scheduling restriction cannot be avoided from network perspective. 

· Alt 2: DM-RS for different TTIs are multiplexed by using different cyclic shift in CDM manner and DM-RS of a TTI consists of multiple DM-RS sequences, each of which are generated per minimum scheduling unit (e.g., RB(G)). To alleviate the PAPR problem due to use of multiple short DM-RS sequences at a SC-FDMA symbol, some further optimization might be necessary such as different cyclic shift per minimum scheduling unit and the related signalling in details might be also needed. 

· Alt 3: Larger transmission bandwidth for DM-RS is allocated compared with that for PUSCH. In this case, additional principle/signalling to generate DM-RS sequence with different bandwidth from data will be necessary. Different TTIs can be multiplexed at one DM-RS symbol by using different cyclic shifts without scheduling restriction as alt 1. For different bandwidth between data and DM-RS, UE’s Tx power allocation also needs to be addressed. 
· Alt 4: DM-RS for different TTIs are multiplexed by using different resource elements (REs) in FDM manner. By using different frequency resources at the DM-RS sharing symbol, it might provide more scheduling flexibility. The related signalling to which REs and how many REs are used for DM-RS of a specific TTI will need to be defined. 

Anyhow, for the above design options particularly in case of 4 symbol TTI, DM-RS overhead and position in time domain can be maintained as legacy TTI. For other TTI lengths shorter than 4-symbol TTI, the symbol-sharing design still can be considered with maintaining the current DM-RS symbol position. However, in this case, there will be some of non-contiguous TTIs in which data and DM-RS symbols are apart from each other. Such non-contiguous TTI case can bring about PUSCH decoding latency as well as reduced channel estimation accuracy.

Proposal 1: The symbol-sharing DM-RS design would be preferably considered as a potential DM-RS option at least for 3/4 symbol TTI cases. Further study is needed on DM-RS option for shorter TTI lengths (e.g., 2 symbol TTI cases). 
2.2. UCI piggyback

According to current specification, if simultaneous transmission of PUCCH and PUSCH is not configured, and if PUCCH collides with PUSCH at the same subframe, UCI feedback can be piggybacked on PUSCH. In this case, HARQ-ACK information is mapped to REs around PUSCH DM-RS symbol and RI information is mapped to REs around symbols used by HARQ-ACK. However, as PUSCH DM-RS design might be changed due to TTI shortening, the current UCI mapping rule would not be applicable. Considering that TTI length can be potentially short, it would be desirable that UCI feedback can be mapped onto at most one or two symbol(s). To reduce UCI information to be piggybacked, only part of UCI information (e.g., for cells corresponding to short TTI) is piggybacked to transmit on PUSCH with short TTI. Due to lack of resource for sPUSCH, it might be beneficial that some UCI can be transmitted on sPUSCH and other UCI can be transmitted on PUCCH if simultaneous PUCCH and PUSCH transmission is configured, or UCI piggyback can be prohibited for extremely short TTI. To this end, it is worth to further discuss UCI piggyback related issues in case of TTI shortening.
Proposal 2: Further discussion on UCI piggyback in case of TTI shortening would be needed.
2.3. CA related operations

If short TTI operation is to be supported, the following question is arisen that “is it necessary to support different UL TTI lengths within a single cell?”. In case of UL transmission, at least for PUSCH, supporting different UL TTI lengths per application or per packet can be realized by simpler way as follows: one subframe is divided by multiple short TTI and if longer TTI is to be supported, then the longer TTI can be supported by multi-TTI scheduling of short TTIs. 

For multiple cell cases, it can be considered that different TTI length is configured per different UL cell for a UE. For such UL CA case, UL carrier group or TA group consisting of cells with the same UL TTI length can be considered and UCI grouping/piggybacking of multiple cells into (s)PUCCH/(s)PUSCH can be further considered within a UL carrier group or TA group. On the other hand, if multiplexing of cells having different TTI lengths can be considered within UL carrier group or TA group, UCI collision needs to be handled and multiplexing/piggybacking rule and/or prioritization rule among UL cells with different TTI lengths also needs to be investigated. Further study is needed on how to support DL grant-to-A/N timing and UL grant-to-(s)PUSCH timing in case a UL cell is associated with multiple DL carriers with different TTI lengths or single DL carrier with multiple TTI lengths.  

Also, UL Tx power control needs to be discussed how to handle the issue in case UL channels with different TTI lengths are multiplexed across UL cells. If it is possible to look ahead shorter TTI UL transmission during long TTI UL transmission, then it can be considered that some power is allocated to either long or short TTI transmission in advance. Furthermore, cross-carrier scheduling between cells with potentially different short TTI length configured needs to be addressed as well. Overall, if CA with TTI shortening is considered, aspects on UCI multiplexing/piggybacking, power control, and cross-carrier scheduling should be further investigated.
Proposal 3: Aspects on UCI multiplexing/piggybacking, power control, and cross-carrier scheduling should be further investigated if CA with TTI shortening is considered. 
3. Conclusions

In this contribution, we discussed aspects of potential sPUSCH design and the related operations. Based on the above discussions, our proposals are given as follows:

Proposal 1: The symbol-sharing DM-RS design would be preferably considered as a potential DM-RS option at least for 3/4 symbol TTI cases. Further study is needed on DM-RS option for shorter TTI lengths (e.g., 2 symbol TTI cases).

Proposal 2: Further discussion on UCI piggyback in case of TTI shortening would be needed.

Proposal 3: Aspects on UCI multiplexing/piggybacking, power control, and cross-carrier scheduling should be further investigated if CA with TTI shortening is considered. 
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