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1   Discussion
In this contribution, we discuss our views on UL DMRS sharing/multiplexing for UL 2OS sPUSCH. In RAN1#87, it has been agreed that “The presence (if any) and the position of the UL DMRS is given or determined by the UL grant”.  Considering that the UL grant is sent in a 2OS-based DL sTTI where control overhead should be managed, it is useful to enable UL DMRS sharing/multiplexing with minimal number of bits needed in the UL grant.
Looking at the possible (2,2,3,2,2,3) and (3,2,2,2,2,3) UL sTTI layouts (to be further down-selected), for individually scheduled UL sTTIs, the UE can determine where to send UL DMRS and sPUSCH based on the scheduled sTTI index as follows:
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Figure 1: Based on the scheduled sTTI index, the UE determines where to send data and DMRS in (a) (2,2,3,2,2,3)  and (b) (3,2,2,2,2,3) UL sTTI layouts. “D” represents sPUSCH and “R” represents DMRS.
For instance, for (2,2,3,2,2,3) pattern, if a UE is scheduled to transmit 

· sPUSCH in sTTI0, it transmits sPUSCH in symbol 0 and DMRS in symbol 1, 

· sPUSCH in sTTI1, it transmits sPUSCH in symbols 2, 3 and DMRS in symbol 1 (DMRS can be FDM shared across sTTI0 and sTT1). 

There are some benefits in using the above patterns:

1.  No inter-subframe scheduling dependency: If sTTI0 is scheduled in subframe n, it contains a DMRS and does not need to use a DMRS in the previous subframe n-1, which provides more flexibility in scheduling PUSCH and sPUSCH across different subframes. For instance, most resource blocks (RBs) in subframe n-1 may have been used by PUSCH of another UE, whereas no PUSCH might have been scheduled in subframe n for any UE. So, an sTTI UE can flexibly be assigned any RBs in sTTI0 of the current subframe for UL transmission.
2.  No inter-slot scheduling dependency: If sTTI3 is scheduled it contains a DMRS and does not need to use a DMRS in the previous slot, which provides more flexibility in scheduling 0.5ms sPUSCH UEs and 2OS-based sPUSCH UEs across different slots of a subframe. For instance, most resource blocks (RBs) in the first slot may have been used by 0.5ms-sPUSCH of another UE, whereas no 0.5ms-sPUSCH might have been scheduled in the second slot for any UE. So, a 2OS-based sTTI UE can flexibly be assigned any RBs in sTTI3 for UL transmission.

3. No DMRS after sTTI: For an sTTI, DMRS is always before or within the sTTI, not after the sTTI, which may reduce the latency.  

4. Minimal UL grant overhead: No bits in the UL grant needed to indicate which symbols should be used for DMRS and sPUSCH.

Observation 1: Scheduling flexibility is affected if UL DMRS for a sTTI is in the previous subframe or slot.
Of course allowing various distributions of sPUSCH and DMRS in time domain e.g., via higher layer signaling or using a field in sTTI grant that indicates the DMRS location based on sTTI position within the subframe is possible and can provide more flexibility. 
 Given the simplicity of the structures shown in Figure 1 not needing indication/configuration of sPUSCH and DMRS distribution in time domain, we propose to use them as baseline.
Proposal 1: For individually scheduled UL sTTIs, 
· The UE can determine where to send UL DMRS and sPUSCH based on the scheduled sTTI index:
· For (2,2,3,2,2,3) if adopted: (DRDDRDD, DRDDRDD) pattern can be used 

· For (3,2,2,2,2,3) if adopted: (DDRDDRD, DRDDRDD) pattern can be used 
· No time-domain indication of UL DMRS should be the baseline.
Conclusions

In this contribution we have discussed time domain aspects of UL DMRS sharing/multiplexing for UL 2OS sPUSCH resulting in the following observation and proposal:
Observation 1: Scheduling flexibility is affected if UL DMRS for a sTTI is in the previous subframe or slot.
Proposal 1: For individually scheduled UL sTTIs, 
· The UE can determine where to send UL DMRS and sPUSCH based on the scheduled sTTI index:
· For (2,2,3,2,2,3) if adopted: (DRDDRDD, DRDDRDD) pattern can be used 

· For (3,2,2,2,2,3) if adopted: (DDRDDRD, DRDDRDD) pattern can be used 
· No time-domain indication of UL DMRS should be the baseline.

