3GPP TSG RAN WG1 Meeting #88bis

      
R1-1704825
Spokane, USA 3rd - 7th April 2017
Agenda Item:
7.2.1.2.1.2
Source: 
LG Electronics

Title: 
Discussion on flexible UL DMRS for sPUSCH
Document for:
Discussion and decision
1. Introduction

The agreements regarding UL sTTI layout for 2/3-symbol TTI were made in RAN1#87 and RAN1#88 as follows [1, 2]: 

	Agreement:
· For 2-OS sTTI, down-select the UL sTTI pattern for sPUSCH between (2,2,3,2,2,3) and (3,2,2,2,2,3)
· The data symbol(s) for a sPUSCH are confined within a sTTI

· if sPUSCH is transmitted, the number of symbols available for data transmission within a sTTI can be 

· 1 or 2 for a sTTI with 2 symbols
· FFS: 1 or 2 or 3 for a sTTI with 3 symbols 

· The presence (if any) and the position of the UL DMRS is given or determined by the UL grant, 

· The UL DMRS can be positioned before or within the associated sTTI
· FFS: The UL DMRS can be positioned after the associated sTTI
Agreement:
· For 2-OS sTTI, UL sTTI pattern for sPUSCH and sPUCCH is [3,2,2,2,2,3]


In this contribution, we discuss several aspects on flexible UL DMRS design with UL sTTI layout. 
2. UL sTTI layout for 2/3-symbol TTI
For UL sTTI layout for 2/3-symbol sTTI, how to indicate flexible DMRS position of each sTTI needs to be addressed. We herein denote DMRS and UL-SCH data as “R” and “D”, respectively. Considering early-decoding of UL channel to achieve low latency, configurations with front-loaded DMRS (e.g., { R D } and { R D D }) deserve to be taken into account. Also, for DMRS sharing between sTTIs, configurations with back-loaded DMRS (e.g., { D R } and { D D R }) needs to be considered. For the same reason, configurations without DMRS (e.g., { D D } and { D D D }) can be also candidates. 
It was agreed that the general power transient period is defined outside the sTTI duration in RAN4 [3]. Accordingly, in case of 3-symbol sTTI, DMRS located in the middle of sTTI (e.g., { D R D }) can be also a good candidate for which DMRS can be protected from other sTTI’s power transient period. 
For sTTI#5, if the last symbol is indicated as “D”, then the legacy behavior can be reused. To be specific, if UE transmits SRS in the same subframe in the same serving cell, or if the assigned UL time-and-frequency resources are overlapped with cell-specific SRS resources, or if the last symbol is reserved for possible SRS transmission in a UE-specific aperiodic SRS subframe in the same serving cell, or if the last symbol is reserved for possible SRS transmission in a UE-specific periodic SRS subframe in the same serving cell when the UE is configured with multiple TAGs, UE sends sPUSCH only over 2 symbols, otherwise UE sends sPUSCH over 3 symbols and drops SRS transmission. 

In summary, when the UL-SCH scheduled in sTTI N is transmitted in sTTI N+x, at least the following combinations of UL-SCH data (D) and DMRS (R) in Table 1 should be supported, where each combination consists of one DMRS symbol and the remaining data symbols. Here, x is processing time for UL grant to UL data.  
Proposal 1: At least the configurations in Table 1 should be supported. 
Table 1. Candidates of DMRS + UL-SCH configurations for sPUSCH transmission 
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In what follows, we list up the remaining issues as follows:
· Issue 1: whether to allow UL-SCH transmission in sTTI N+x+1 while DMRS are in sTTI N+x
· Issue 2: whether to allow UL-SCH transmission in sTTI N+x while DMRS are in sTTI N+x+1

· Issue 3: how to handle DMRS at the last sTTI in a subframe with potential SRS transmission
· Issue 4: whether to allow a gap between DMRS and data symbols
Regarding issue 1, if this is allowed, the configuration { (-) - R | D D (D) } can be viable. This configuration can facilitate multiplexing between different UEs. For example, one UE is indicated with configuration of { D D R } at sTTI#k while another UE is indicated with configuration of { - - R | D D } at sTTI#k and sTTI#k+1, and thus one DMRS symbol is shared by two UEs. There can be two options which enable such configuration. The first option is to indicate DMRS in sTTI#N+x and UL-SCH in sTTI#N+x+1 by the respective UL grants. However, it seems undesirable to increase control overhead. The second option is to indicate DMRS in sTTI#N+x and UL-SCH in sTTI#N+x+1 by an UL grant, but this induces fluctuation of processing time between x and x+1 for UL grant to UL data timing. It is quite questionable whether it is essentially necessary to introduce such configuration for DMRS sharing between different UEs at the expense of longer processing time. 
On issue 2, if this is allowed, the configuration of { D D (D) | R - (-) } can be possible. In our view, such configuration should be avoided since it increases sPUSCH decoding latency, i.e., processing time becomes x+1 instead of x. In this sense, it would be desirable not to support configuration indicating DMRS and UL-SCH data symbols to be placed at different sTTIs. 
Proposal 2: The configuration indicating DMRS and UL-SCH data symbols to be placed at different sTTIs is not supported. 
On issue 3, the consideration point is for a UE how to handle the configuration of { D D R } at sTTI#5 in a SRS subframe. According to the current specification, UE can perform rate-matching for the last symbol of assigned PUSCH transmission for SRS transmission of the same UE in the same serving cell, or for SRS resource reservation for possible SRS transmission. However, when { D D R } is indicated at sTTI#5 in such cases where last symbol of PUSCH is rate-matched, UE should send { D D R } at the sTTI and drop SRS transmission since in this case network is not likely to be able to demodulate shortened sPUSCH (i.e., { D D - }) due to absence of DMRS. Alternatively, UE can send only SRS and drop sPUSCH transmission but this seems an inefficient behavior. Surely, in non-SRS subframe, there is no issue on the configuration of { D D R }.   
Proposal 3: In SRS subframe, sPUSCH is transmitted and SRS is dropped when { D D R } is indicated regardless of whether sPUSCH and SRS resources are overlapped or not.  
On issue 4, this is related to DMRS sharing between different UEs discussed above in issue 1. For instance, if this is allowed, UE1, UE2, and UE3 are indicated with configuration of { D D R }, { - - R | D D }, and { - - R | - - | D D }, respectively. Considering the increased latency especially for UE3, the benefit from supporting DMRS sharing between different UEs seems unclear. Moreover, there is some ambiguity on power transient period for a gap between DMRS and data symbols. Hence, considering specification efforts, allowing a gap between DMRS and data symbols seems not essential. 
Proposal 4: Allowing a gap between DMRS and data symbols is not necessary. 
3. Conclusions

In this contribution, we discussed several aspects on flexible UL DMRS design with UL sTTI layout. Based on the above discussions, our proposals are given as follows:
Proposal 1: At least the configurations in Table 1 should be supported. 
Proposal 2: The configuration indicating DMRS and UL-SCH data symbols to be placed at different sTTIs is not supported.
Proposal 3: In SRS subframe, sPUSCH is transmitted and SRS is dropped when { D D R } is indicated regardless of whether sPUSCH and SRS resources are overlapped or not.  
Proposal 4: Allowing a gap between DMRS and data symbols is not necessary. 
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