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Introduction
[bookmark: _Ref178064866]For sPUSCH transmission, the following agreements have been made:
· For both 2-symbol and 1-slot sPUSCH transmission 
· Up to 2-layer transmission is supported
· FFS 4-layer is supported
For DMRS of sPUSCH, the following agreements have been made:
· For the case of 1-slot TTI length, reuse the current DM-RS
· For the case of less than 1-slot TTI length, support DM-RS sharing/multiplexing of consecutive TTIs from one or multiple UEs
· At least 2 contiguous TTIs can be shared/multiplexed
For 2-symbol based sPUSCH, IFDMA DMRS is supported with the following agreements
· 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
· Support UL DMRS EPRE power boosting to maintain same transmit power for both DMRS symbol and data symbol
· No new UL DMRS sequence generation compared to PUSCH in Rel-14 (including new sequence length from eFD-MIMO)

In this contribution, we provide our views on the support of 4 layers for an sPUSCH transmission, and the signalling design for uplink multi-layer transmission with sTTI. 
Discussion
On the supported number of layers for sPUSCH
The performance of spatial multiplexing relies on the orthogonality between different DMRS sequences used to separate the data transmission on different layers. For PUSCH, up to four layers are supported for an uplink data transmission. The orthogonality between different layers is achieved by assigning different cyclic shifts and/or OCC for the associated DMRS sequences. 
For sPUSCH, to reduce the RS overhead, in most cases, there is at most one DMRS symbol per sTTI, which implies that OCC cannot be used for ensuring orthogonality between DMRS on sPUSCH. Instead, combs and/or cyclic shifts are used to achieve the orthogonality between different DMRS for multi-layer multiplexing. Based on the agreements, the signalling for DMRS should support up to 2 combs. In addition, up to two cyclic shifts are needed per comb such that each comb supports up to two layers multiplexing. These agreements imply that a four-layer multiplexing for sPUSCH can be supported by using both 2 combs together with two different cyclic shifts per comb. 
[bookmark: _Toc489970643]Observation 1: For sPUSCH, different layers can be separated by using different combs together with different cyclic shifts for the associated DMRS sequences. 
[bookmark: _Toc489970645]Proposal 1: Support two-layer multiplexing for sPUSCH via two different cyclic shifts with the same comb configuration.
[bookmark: _Toc489970646]Proposal 2: Support four-layer multiplexing for sPUSCH via a combination of two combs and two different cyclic shifts per comb.
Signalling design for UL DMRS for sPUSCH
Separating different layers by using different combs and different cyclic shifts is not supported in the legacy DMRS configuration. Hence, a new DMRS signalling method needs to be considered if this configuration is going to be supported. In addition, to reduce the signalling overhead, it is suggested that only RPF=2 is supported for UL DMRS for sPUSCH. In this way, no extra bit is needed for indicating the RPF value, i.e., RPF=1 or RPF=2.
[bookmark: _Toc489970644]Observation 2: For sPUSCH, a new DMRS signalling method needs to be considered for indicating the comb and/or cyclic shift configurations. 
[bookmark: _Toc489970647]Proposal 3: Support only RPF = 2 for UL DMRS for sPUSCH.
For the legacy case, the cyclic shift field in the UL DCI for PUSCH contains 3 bits to jointly indicate the use of up to eight cyclic shifts and up to four OCC configurations. For sPUSCH, IFDMA based DMRS support only up to two combs and only up to two cyclic shifts per comb. Therefore, the number of bits in the cyclic shift field in the UL sDCI for sPUSCH can be reduced to two bits.
To make more efficient use of the two bits, different lookup tables can be used for different number of layers multiplexing, which is indicated by the TRI (Transmit Rank Index) field in the DCI containing the UL grant. A possible set of tables are given in Table 1, Table 2 and Table 3.    
[bookmark: _Ref481746838]Table 1   CS field table for single-layer uplink sTTI transmission
	Cyclic Shift Field in 
uplink-related DCI format
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	IFDMA Configuration

	00
	0
	Comb offset 0

	01
	6
	Comb offset 0

	10
	3
	Comb offset 1

	11
	9
	Comb offset 1


 


 

[bookmark: _Ref481746841]Table 2 CS field table for two-layer uplink sTTI transmission
	
Cyclic Shift Field in 
uplink-related DCI format
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	IFDMA Configuration

	00
	0
	6
	Comb offset 0

	01
	3
	9
	Comb offset 0

	10
	7
	1
	Comb offset 1

	11
	10
	4
	Comb offset 1


As shown in Table 3, when 4 layers wish to be configured, a combined use of two combs together with 2 cyclic shifts is proposed. The use of two combs together with two cyclic shifts to achieve 4 layers can be signalled by using only two bits in the UL DCI.
[bookmark: _Ref481746288]Table 3 CS field table for four-layer uplink sTTI transmission
	Cyclic Shift Field in 
uplink-related DCI format
	


	
	Comb offset 0
	Comb offset 1
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	00
	0
	6
	0
	6

	01
	3
	9
	3
	9

	10
	7
	1
	7
	1

	11
	10
	4
	10
	4



[bookmark: _Toc489970648]Proposal 4: Use a set of predefined tables together with a two-bit field in the UL sDCI for signalling the cyclic shifts and comb configurations for an uplink sTTI transmission. 
Conclusion
In section 2 we made the following observations:
Observation 1: For sPUSCH, different layers can be separated by using different combs together with different cyclic shifts for the associated DMRS sequences.
Observation 2: For sPUSCH, a new DMRS signalling method needs to be considered for indicating the comb and/or cyclic shift configurations.
 Based on the discussion in section 2 we propose the following:
Proposal 1: Support two-layer multiplexing for sPUSCH via two different cyclic shifts with the same comb configuration.
Proposal 2: Support four-layer multiplexing for sPUSCH via a combination of two combs and two different cyclic shifts per comb.
Proposal 3: Support only RPF = 2 for UL DMRS for sPUSCH.
Proposal 4: Use a set of predefined tables together with a two-bit field in the UL sDCI for signalling the cyclic shifts and comb configurations for an uplink sTTI transmission.
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