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1. [bookmark: _GoBack]Introduction 
At the RAN1 #87 meeting, following agreements were achieved [1]:
	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



In this contribution, we provide our views on UL DMRS design for sPUSCH.
2. UL DMRS design for sPUSCH
[bookmark: OLE_LINK7]For legacy UL DMRS for PUSCH, multiplexing by CS and OCC is supported. However, OCC between DMRS symbols in the two consecutive slots would no longer work since any sPUSCH does not span two slots. Therefore, instead of OCC, other means to realize multiplexing UL DMRSs by different UEs scheduled with different PRBs.
Three examples are illustrated in Fig. 1. In Fig. 1 (a), two sPUSCHs share the same DMRS symbol, while their scheduled PRBs are partially overlapped. Cyclic-shift does not work properly if the scheduled PRBs are not fully overlapped and hence CS-based DMRS multiplexing for this MU-MIMO operation is challenging. In Fig. 1 (b), two sPUSCH from UE 1 and UE 2 in different sTTIs share the same DMRS symbol, where the scheduled PRBs are fully overlapped. In principle, cyclic-shift works for DMRS multiplexing between the UEs. However, orthogonality of DMRS cyclic-shift is not perfect. Therefore, received power difference between UEs would be harmful to de-multiplex them. In Fig. 1 (b), two sPUSCHs from UE3 and UE4 sharing the same DMRS symbol are illustrated. For this case, the issue is equivalent to the case of Fig. 1 (a).
One can argue that the problem should be handled by eNB scheduler. However, due to extremely tight processing time at the eNB, frequency-domain scheduling may need to be simplified. For example, for a HARQ re-transmission, scheduler may not be able to flexibly change the PRB assignment from the last transmission. This implies that the UEs scheduled with sPUSCH in the same sTTI length may have different PRB allocations. Besides, power difference between UE1 and UE2 of Fig. 1 (b) cannot be resolved by eNB scheduler.
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(a)						(b)
Fig. 1	DMRS multiplexing issues.

In order to resolve the above issues, we propose following two enhancements for UL DMRS for sPUSCH. 
· Enhancement 1: Support comb-based multiplexing (IFDMA) for UL DMRS
· UE is configured with the number of combs (e.g., 2 or 4) for UL DMRS.
· The comb index of UL DMRS for sPUSCH transmission is dynamically indicated by the sDCI.
· Number of schedulable PRBs is restricted to make sure that DMRS is generated by base sequences.
· For example, in case of comb number 2, schedulable number of PRBs should be 2, 4, 6, ….
· Enhancement 2: Power-control enhancement for UL DMRS
· Capacity of comb-based multiplexing (IFDMA) is limited and hence, cyclic-shift should still be usable.
· In order to suppress inter-CS interference on DMRS, power-control is enhanced.
· For example, power-control parameter alpha can be set different value (e.g., 1) from PUSCH.

Proposal 1:
· For UL DMRS for sPUSCH, following two enhancements are supported.
· Enhancement 1: Support comb-based multiplexing (IFDMA).
· UE is configured with the number of combs (e.g., 2 or 4) for UL DMRS.
· The comb index to use is dynamically indicated by the sDCI.
· Enhancement 2: Enhance transmit power-control.
· For cyclic-shift, received power among UEs sharing the DMRS but scheduled in different sTTIs should be the same.
· For example, UE can be configured with two sets of TPC parameters, and depending on whether the transmission is PUSCH or sPUSCH, different parameter set applies.
· For sPUSCH transmission, in order to make CS orthogonal, parameter alpha can be set to 1.

3. Remaining open issues for UL DMRS design for sPUSCH
It is FFS whether the UL DMRS can be positioned after the associated sTTI. Considering the tight timeline requirement for sTTI operation, UL DMRS should be located before or within the associated sTTI.
For sTTI with 3 symbols, the number of symbols available for data transmission within a sTTI can be 1, 2, and 3 symbols. It becomes 1 symbol at least when the sTTI is the last sTTI within the subframe, and if the sTTI contains DMRS and SRS. Therefore, all three symbol lengths should be considered for sTTI with 3 symbols.
Proposal 2:
· UL DMRS is not positioned after the associated sTTI.
· For sTTI with 3 symbols, the number of symbols available for data transmission can be 1, 2, and 3 symbols. 

4. Conclusion
In this contribution, we discussed UL DMRS for sPUSCH and made following proposals.
Proposal 1:
· For UL DMRS for sPUSCH, following two enhancements are supported.
· Enhancement 1: Support comb-based multiplexing (IFDMA).
· UE is configured with the number of combs (e.g., 2 or 4) for UL DMRS.
· The comb index to use is dynamically indicated by the sDCI.
· Enhancement 2: Enhance transmit power-control.
· For cyclic-shift, received power among UEs sharing the DMRS but scheduled in different sTTIs should be the same.
· For example, UE can be configured with two sets of TPC parameters, and depending on whether the transmission is PUSCH or sPUSCH, different parameter set applies.
· For sPUSCH transmission, in order to make CS orthogonal, parameter alpha can be set to 1.
Proposal 2:
· UL DMRS is not positioned after the associated sTTI.
· For sTTI with 3 symbols, the number of symbols available for data transmission can be 1, 2, and 3 symbols. 
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