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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. 

This contribution is revised of R1-1712906.
Discussion
On the supported number of layers for sPUSCH
For legacy subframe based PUSCH, it is possible to use two codewords for TM2 when the number of layers is greater or equal to two. The downlink control information (DCI) associated with the scheduled modulation and coding scheme (MCS) and the new data indicator (NDI) for the two codewords is twice that for a single-codeword. Since asynchronous HARQ is supported for subslot/slot based PUSCH, a redundancy version field needs to be introduced in the sDCI, and this is required for each transmitted codeword. To reduce the signaling overhead, it is proposed that only single-codeword is supported for subslot/slot based PUSCH. Note that this is also in line with the NR PUSCH codeword design. 
[bookmark: _Toc494268204]Proposal 1: Support only single-codeword for sPUSCH transmission.
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. As up to 4-layer transmission has already been supported for PUSCH. It is proposed to support 4-layer transmission for sPUSCH as well to improve the UL throughput. Based on the agreements, a four-layer multiplexing for sPUSCH can be supported by using both 2 combs together with two different cyclic shifts per comb.  In addition, to reduce DMRS overhead, it has been agreed to support DMRS multiplexing of different UEs onto the same SC-FDMA symbol. DMRS multiplexing of two UEs can be supported by using different combs for different UEs, and for each UE, up to two-layers can be supported by using different cyclic shifts.
[bookmark: _Toc494268194]Observation 1: For sPUSCH, different layers can be separated by using different combs together with different cyclic shifts for the associated DMRS sequences. 
[bookmark: _Toc494268205]Proposal 2: Support two-layer multiplexing for sPUSCH via two different cyclic shifts with the same comb configuration.
[bookmark: _Toc494268206]Proposal 3: Support up to four-layer multiplexing for sPUSCH via a combination of two combs and two different cyclic shifts per comb.
[bookmark: _Toc494199305][bookmark: _Toc494268207]Proposal 4: Support DMRS multiplexing of two different UEs by using different combs. For each UE, up to two-layer sPUSCH transmission is supported by using different cyclic shifts.
The legacy codeword-to-layer mapping supports the mapping of a single codeword to 1 and 2 layers, see Table 5.3.2A.2-1 of 36.211.The mapping of a single codeword to up to a 4-layer sPUSCH transmission can be done by reusing the legacy principle. That is, the codeword is mapped to across layer first, then to the physical resources. More specifically, Table 1 can be used for mapping a single codeword to multiple layers for sPUSCH with spatial multiplexing.
[bookmark: _Ref494112223]Table 1 Codeword-to-layer mapping for sPUSCH with spatial multiplexing
	Number of layers
	Number of codewords
	Codeword-to-layer mapping



	1
	1
	

              

	2
	1
	

    

	3
	1
	

	


	4
	1
	

	




[bookmark: _Toc494268208]Proposal 5: Support mapping of a single codeword to up to 4 layers for sPUSCH with special multiplexing.
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. Moreover, IFDMA RPF=2 with power boosting gives the similar channel estimation performance as for IFDMA RPF=1.
[bookmark: _Toc494268195]Observation 2: For sPUSCH, a new DMRS signalling method needs to be considered for indicating the comb and/or cyclic shift configurations. 
[bookmark: _Toc494268209]Proposal 6: 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 2, Table 3 and Table 4.    
[bookmark: _GoBack]Consider a case of DMRS multiplexing of two UEs, UE1 and UE2, and each UE is configured with a two-layer sPUSCH transmission. One way of configuring DMRS of these two UEs is to the CS field to “00” and “10” for UE1 and UE2, respectively. Based on Table 3, this implies that the DMRS of UE1 is configured with comb offset 1 with cyclic shifts of 0 and 6 for different layers, and the DMRS of UE2 is configured with comb offset 2 with cyclic shifts of 7 and 1 for different layers.
[bookmark: _Ref481746838]Table 2   CS field table for single-layer uplink sTTI transmission
	Cyclic Shift Field in 
uplink-related DCI format
	

	

	
	[image: ]
	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 3 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 4, 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 4 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: _Toc494268210]Proposal 7: 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. 

UL DMRS validity
For 2/3-symbol sPUSCH, DMRS sharing is supported for the transmission of consecutive sTTIs from one UE to reduce the DMRS overhead. The DMRS transmitted in the first scheduled sTTI is used by the eNodeB for channel estimation of all the scheduled consecutive sTTIs to perform coherent demodulation of the received data. Considering the agreed DMRS signalling patterns in RAN1#89, DMRS sharing is supported for up to 3 consecutive sTTIs within a slot. There can be cases where the UE does not correctly detect the UL grant containing the UL DMRS position. In that case, it is not possible for the eNB to demodulate the following UL sTTI containing only data symbols. To avoid unnecessary uplink interference, a UE should cancel the uplink data transmission, in case the UL sDCI which contains the associated DMRS information is missed.
[bookmark: _Toc490231539][bookmark: _Toc494268211]Proposal 8: Specify a rule for the UE behaviour to avoid unnecessary uplink interference, i.e., a UE should channel the transmission in case the UL sDCI which contains the associated DMRS information is missed.

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 only single-codeword for sPUSCH transmission.
Proposal 2: Support two-layer multiplexing for sPUSCH via two different cyclic shifts with the same comb configuration.
Proposal 3: Support up to four-layer multiplexing for sPUSCH via a combination of two combs and two different cyclic shifts per comb.
Proposal 4: Support DMRS multiplexing of two different UEs by using different combs. For each UE, up to two-layer sPUSCH transmission is supported by using different cyclic shifts.
Proposal 5: Support mapping of a single codeword to up to 4 layers for sPUSCH with special multiplexing.
Proposal 6: Support only RPF = 2 for UL DMRS for sPUSCH.
Proposal 7: 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.
Proposal 8: Specify a rule for the UE behaviour to avoid unnecessary uplink interference, i.e., a UE should channel the transmission in case the UL sDCI which contains the associated DMRS information is missed.
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