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1 Introduction
The WI on short TTI and reduced processing time enables reduced procedure time with shorer TTI. For subslot TTI operation (i.e. 2-symbols sTTI), the following agreement was made in RAN1 #90Bis meeting related to the precessing time [1]:  
	Agreement: 

Define two sets of two processing timing assumptions for subslot TTI operation for different maximum TA support. 

- Set 1 is defined with minimum timing n+4 with TA1/n+6 with TA1+4os

- Set 2 is defined with minimum timing n+6 with TA2/n+8 with TA2+4os

Agreements:
· For subslot TTI operation related to timing advance operation, the UE signals its capability for 2/3os sTTI between set 1 and set 2 for:

1. 1 os CRS based sPDCCH

2. 2 os CRS based sPDCCH 

3. DMRS based sPDCCH 

FFS: UE capability dependent on RS type for data.

· The maximum timing advance supported is:

· 2/3os:

· TA1: 67 us

· TA2: 167 us


In addition, the following agreement was made for short TTI to reduce the RS overhead by allowing DMRS sharing among consecutive subslot TTIs [1] and [2], respectively: 
	Agreement: 

DL DMRS can be shared among 2 consecutive sTTIs for the same UE for 2/3-symbol sPDSCH.

· Sharing across subframes is not supported
Agreement: 

For DMRS of 2/3-symbol sPDSCH, the DMRS sharing across slots within a subframe is supported.

Agreement: 

For DMRS of 2/3-symbol sPDSCH, the DMRS sharing among 3 consecutive sTTIs is not supported.
Agreement:
The time-domain position for DL DMRS of 3-symbol sPDSCH is placed in the first two symbols



Depending on the location of shared DMRS pattern, it may impact the early decoding benefit of sPDSCH that is orginially possible with its self-contained DMRS transmission. 

In this contribution, we provide our views on support of DMRS sharing for consecutive sPDSCH transmissions, particularly impacts on the sPDSCH processing time limitations. 

2. Discussion
Rel-15 sTTI WI targets for low end-to-end latency. Data decoding should be performed with as short latency as possible. Since channel estimations are required for data demodulation and decoding, the position of the DMRS has a critical impact on the precessing time budget. Obviously, placing the DMRS later in the sTTI or out of TTI will delay decoding and hence earliest transmission of HARQ-ACK, assuming a fixed processing time for a given UE. 

Hence, in a normal LTE subslot transmission and also slot transmission in New Radio (NR), DMRS signals for UEs are always transmitted using the first several symbols (up to two symbols) in any subslot or slot, leading to early decoding benefits. This is due to the front-loaded DMRS structure, where UE can commence channel estimation right after the end of DMRS symbols in the same subslot. Such early decoding is very important for UE to meet the tight shorten processing delay (i.e. ~1ms or less) imposed by the DL HARQ operation of subslot sPDSCH to achieve low latency.

For subslot sTTI operation, it was agreed [2] to support dynamic DMRS sharing across up to two consecutive sTTIs (e.g. for a UE in a low speed) so as to reduce RS overhead. The subslot sPDSCH processing time requirement has to be met in case of DMRS sharing operation. However, if the shared DMRS is transmitted in the 2nd subslot and also utilized for channel estimation of sPDSCH in the 1st subslot, early decoding benefits for self-contained DMRS-based sPDSCH in the 1st subslot disappears and make it challenging for UE to meet the DMRS-based sPDSCH processing requirement. 
Figure 1 provides one example to show the impact of DMRS sharing on the UE’s processing time with assuming legacy control region spans the first 2 symbols i.e. sTTI #0. More specficially, sPDSCH transmissions in subslot #1 and #2 of a same subframe are shared DMRS that is transmitted in the subslot #2 for whatever reason due to lack of restriction as of now.  
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Figure 1: An example of back-loaded DMRS for DMRS sharing operation


As can be clearly seen in FIG1, for the DMRS sharing functionality, the loss of HARQ processing time (w.r.t self-contained DMRS) is at least in the order of hundreds of microseconds. In our view, such flexible DMRS location serves no practical benefit, especially when considering the processing time of sPDSCH has been significantly reduced compared to legacy TTI and already quite challenging for the UE to meet the ~1ms HARQ processing delay requirement based on the earlier discussions. An additional loss of up to hundreds of ms in HARQ processing time (i.e. 2 or 3 symbols) due to DMRS sharing in the later subslot is significant, which can drastically increase UE complexity and the LTE sTTI feature support as well.
In order to alleviate the early decoding issue and to minimize the impact on UE processing time, it is thus nature and necessary to enfore some limitation on the DMRS location for the DMRS sharing operation. We therefore propose to limit the shared DMRS in the first subslot for DMRS sharing operation as in NR.      
Proposal: 

· DMRS is located in the first of multiple subslots that share a same DMRS pattern (i.e. Front-loaded DMRS) for PDSCH transmission.   
3. Conclusions
In this contributions, we shared our views on how to support DMRS sharing among consecutive sPDSCH transmissions for subslot operations. In particular, we propose the following restriction for DMRS sharing feature: 
Proposal: 

· DMRS is located in the first of multiple subslots that share a same DMRS pattern (i.e. Front-loaded DMRS) for PDSCH transmission. 
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