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1 Introduction

In the RAN1#89 meeting [1], the following agreements related to supported layers for sPUSCH were agreed:
· More than 2 combs are not supported for IFDMA DMRS for 2/3-symbol sPUSCH.

· Each comb supports up to 2 layers multiplexing for IFDMA DMRS for 2/3-symbol sPUSCH.

In addition, the following agreements related to UL DMRS indication were agreed:
In case of 2/3os in UL, the following DMRS placement can be indicated by an UL grant in sTTI#n-x which schedules sPUSCH in sTTI n, where x is processing time configured for a PUCCH group

Note: Other combinations are FFS.
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Note: | denotes the boundary of sTTI n

This contribution firstly provides a brief discussion on the UL DMRS design for 2/3-symbol and 1-slot sPUSCH, and then discusses UL DMRS indication method for 2/3-symbol sPUSCH.   
2 UL DMRS design for sPUSCH
In the RAN1#88 meeting, it was agreed to support IFDMA DMRS for DMRS sharing among sTTIs with unequal frequency resource allocation for 2/3-symbol sPUSCH. In our opinion, CDM DMRS should be supported for 2/3-symbol sPUSCH also. CDM DMRS pattern may help improve channel estimation performance for some cases, e.g. the DMRS symbol is allocated to one UE for one or several sTTIs. On the other hand, IFDMA DMRS should be supported for 1-slot sPUSCH to support MU-MIMO transmission with unequal resource allocation. 
Proposal 1: In addition to IFDMA DMRS, CDM DMRS shall also be supported for 2/3-symbol based sPUSCH. 

Proposal 2: IFDMA DMRS shall be supported for MU-MIMO for 1-slot sPUSCH. 
In legacy LTE, up to 4 layers can be supported for PUSCH transmission to achieve high peak data rate and spectral efficiency. For the same reason as legacy LTE system, up to 4-layer should also be supported for sPUSCH as long as no significant issues are identified. 
Proposal 3: Up to 4-layer is supported for both 2/3-symbol and 1-slot sPUSCH. 
With the introduction of IFDMA pattern, DMRS to support 4 layers transmission can be supported either by two IFDMA combs with each comb supports 2 layers multiplexing or by one DMRS symbol using 4 different cyclic shifts as in legacy LTE for both 2/3-symbol and 1-slot sPUSCH, depending on the indicated DMRS pattern. 
Proposal 4: 4 layers multiplexing is supported either by two IFDMA combs with each comb supports 2 layers or by 4 cyclic shifts in CDM manner for both 2/3-symbol and 1-slot sPUSCH.
3 UL DMRS indication for 2/3-symbol sPUSCH
In the RAN1#89 meeting, the following DMRS placement was agreed for 2/3-symbol sPUSCH:
Table 1. Agreed DMRS placement for different sTTIs
	DMRS position pattern indicated by a UL grant scheduling sPUSCH in sTTI n
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Note: | denotes the boundary of sTTI n
Table 1 can support the scheduling of DMRS sharing among several sTTIs within one slot for one or multiple UEs to reduce DMRS overhead in low speed case, and support self-contained DMRS for each sTTI in high speed case. One main open issue on DMRS placement is whether to support cross slot DMRS sharing. Considering the possibility that 2/3-symbol sTTI may share the same TTI at the same frequency with 1-slot sTTI or legacy TTI configured with hopping pattern, it is preferred not to support DMRS sharing across slots. For 3-symbol sTTI, DMRS should not be placed in the middle symbol according to our evaluation in [2]. So there is no need to introduce extra DMRS placement for 2/3-symbol sPUSCH.
Proposal 5:  No need to introduce extra DMRS placement for 2/3-symbol sPUSCH. 
For IFDMA pattern, the IFDMA configuration used for DMRS transmission should also be indicated to UE if the number of transmission layers is up to 2. Generally different IFDMA configurations on the same DMRS symbol are used for different UEs multiplexed on the same or different sTTIs in this case, so some unnecessary indication for IFDMA configuration can be removed and some of the redundant states in Table 1 can be used to implicitly indicate the IFDMA configuration. Table 2 gives an example of indication of DMRS position and IFDMA configuration.

Table 2. Indication of DMRS position and IFDMA configuration
	2 bits in UL grant
	DMRS position pattern indicated by a UL grant scheduling sPUSCH in sTTI n
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 denotes the index of IFDMA comb of ‘R’.
Proposal 6: 2 bits in the UL grant are used to indicate DMRS position as well as to indicate IFDMA configuration.

In legacy LTE, one of 8 candidate cyclic shifts is indicated to UE via UL grant to implicitly indicate the PHICH resource. Since there is no PHICH channel for sTTI transmission, it seems the number of candidate cyclic shifts for each sTTI could be reduced. Considering that two users multiplexing on the same DMRS symbol is most likely the typical case in 2/3-symbol sTTI, 1 bit in UL grant to indicate two candidate cyclic shifts seems enough.
In addition, 1 bit in UL grant shall be used to differentiate CDM pattern and IFDMA pattern. For CDM pattern, DMRS can be indicated with the DMRS placement in Table 1 and cyclic shifts in Table 3.The indication of cyclic shifts for IFDMA pattern shall also support 4-layer transmission by two IFDMA combs with each comb supports 2 layers multiplexing, for instance, four cyclic shifts are included in each candidate where the first two cyclic shifts corresponding to the first two layers and the last two cyclic shifts corresponding to the last two layers are assumed to be associated with different IFDMA combs.

Table 3 gives an example of indication of DMRS multiplexing manners and cyclic shifts.

Table 3. Indication of DMRS multiplexing manners and cyclic shifts
	2 bits in UL grant
	CDM / ‘0’
	IFDMA / ‘1’
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Note: For IFDMA, the 
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 is indicated in Table 2. 
Proposal 7: 2 bits in the UL grant are used to differentiate CDM pattern and IFDMA pattern as well as to indicate cyclic shifts. 

4 Conclusion
This contribution firstly provides a brief discussion on the UL DMRS design for 2/3-symbol and 1-slot sPUSCH, and then discusses UL DMRS indication method for 2/3-symbol sPUSCH. Based on the discussion, we have the following proposals:
Proposal 1: In addition to IFDMA DMRS, CDM DMRS shall also be supported for 2/3-symbol based sPUSCH. 

Proposal 2: IFDMA DMRS shall be supported for MU-MIMO for 1-slot sPUSCH. 
Proposal 3: Up to 4-layer is supported for both 2/3-symbol and 1-slot sPUSCH. 
Proposal 4: 4 layers multiplexing is supported either by two IFDMA combs with each comb supports 2 layers or by 4 cyclic shifts in CDM manner for both 2/3-symbol and 1-slot sPUSCH.
Proposal 5:  No need to introduce extra DMRS placement for 2/3-symbol sPUSCH. 

Proposal 6: 2 bits in the UL grant are used to indicate DMRS position as well as to indicate IFDMA configuration.

Proposal 7: 2 bits in the UL grant are used to differentiate CDM pattern and IFDMA pattern as well as to indicate cyclic shifts. 
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