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Introduction
[bookmark: _Ref178064866]In RAN1#88, the following agreements were made on supported layers and the DMRS design for UL sTTI. 
· For both 2-symbol and 1-slot sPUSCH transmission 
· Up to 2-layer transmission is supported.
· FFS 4-layer is supported;
· IFDMA DMRS is supported for 2-symbol based sPUSCH
·  Support RPF=2
· FFS RPF=4
·  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 number of supported layers for sPUSCH.. 
Discussion
Theoretical maximum of supported number of layers with TM2 and IFDMA
Since release 10, TM2 (i.e., precoding-based uplink MIMO transmission) has been supported for uplink data transmissions on PUSCH. Precoding-based MIMO transmission can be used to either improve the reliability by using beamforming, or improve the spectral efficiency by using spatial multiplexing. For spatial multiplexing, TM2 supports up to four layers for PUSCH. The total number of available layers is 4 in a single PUSCH transmission. 
The performance of spatial multiplexing relies on the orthogonality between different DMRS sequences used to separate the data transmission on different layers. For MIMO transmissions on PUSCH, the orthogonality between different DMRS is achieved by assigning different cyclic shift and/or OCC in the UL DCI. For sPUSCH, in order 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 layer /user multiplexing. Therefore, the multiplexing must be done by using the cyclic shift or/and the comb in frequency domain. For MU-MIMO, the orthogonality achieved by using only different cyclic shift requires that different UEs are assigned with fully overlapped frequency resources.



In the 36.211 specification, the DMRS is assigned a cyclic shift via DCI. As seen in table 5.5.2.1.1-1, reproduced below for convenience,  is used to separate different layers in SU-MIMO and can be used to separate different MU-MIMO layers if the same bandwidth is scheduled.   As mentioned in a previous contribution[7], the amount of available cyclic shifts depends of the comb size of IFDMA.  With RPF=1, i.e. without IFDMA, each cyclic shift value  is associated with a time period of 1/12th of a SC-OFDM symbol or about 5.56us.  So as long the channel delay spread plus timing offset is less than 5.56us, the channels associated with each of the twelve cyclic shifts can be correctly estimated.  With RPF=2, time domain alias appears within a SC-OFDM symbol period (see figure 1) and only half of a symbol period is useful for channel estimation. With the same definition of cyclic shift, i.e. , the time separation between different cyclic shifts in this case is reduced by half, or about 2.78us.  With cyclic shift configurations given by Table 5.5.2.1.1-1, the minimum cyclic shift index separation between SU-MiMO layers guaranteeing orthogonality between layers is 3, i.e. about 16.67us for RPF=1 and 8.33us for RPF=2.  
For MU-MIMO pairing between new UEs configured with RPF=2 and with different scheduling BWs, UEs may be separated by using different sets of subcarriers (comb).  Therefore, the existing cyclic shift indices (0 to 11) can still be used when IFDMA is configured for DMRS with RPF=2.
Note, however, that these observations only say that DMRS-based channel estimation should be able to discriminate between layers based on cyclic shift. It should be noted that beside layer separation, other issues due to e.g. channel estimation exist. For example, in sTTI, multiple users PUSCH loads are sharing a DMRS position which is typically scheduled one or more symbol away (in the time domain) from the data symbol. The impact of the interpolation in time and frequency should thus be assessed. 
[bookmark: _Toc481754936]Observation 1 The minimum separations between DMRS sequences with RPF=2 is reduced by half of that with RPF=1. However, the minimum separation between different MIMO layers is still about 8.33us, which is still good for channel estimation on different layers
[bookmark: _Toc481754943]Proposal 1 The existing cyclic shift definition and range can also be used for UL DMRS with IFDMA and RPF=2


Figure 1: representation of DMRS multiplexing for 4 layers with 4 cyclic shifts assigned. In this figure, the channel impulse response is expected to not exceed 17usec, corresponding to cyclic shift distance of 3 shifts (RPF1) or 6 shifts (RPF2)
sTTI IFDMA channel estimation results
In our previous link level simulation results in [5] (also included in 3GPP TR 36.881 [1]), it has been shown that for 2-symbol sPUSCH with high MCS, up to 2 DMRS can be multiplexed in order to achieve a target BLER of 10%, if the DMRS sequences are only separated by using different cyclic shifts (see figure 2). Therefore, maximum two layers can be supported for an sPUSCH transmission, if different layers are separated only by using different cyclic shifts. 

 [image: ]
Figure 2: BLER performance of for 1 to 4 DMRS multiplexing

If both different combs and different cyclic shifts are used to separate different layers of an sPUSCH transmission, then, in theory, more than 2 layers can be supported. However, 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. 
[bookmark: _Toc481754937]Observation 2: Up to two layers can be supported for an sPUSCH transmission by using only different CSs for the multiplexed DMRS.
[bookmark: _Toc481754938]Observation 3: 4-layer sPUSCH transmission can be supported by using IFDMA based DMRS with RPF = 2 combined with different CSs. 
The IFDMA-based DMRS multiplexing schemes has been agreed for multiple UEs scheduled with partially overlapped frequency allocations. Based on previous contribution, the comb size was limited to size 2 and power boosting was recommended. The signaling of comb-based DMRS multiplexing for sPUSCH transmissions needs to be considered. Given the support of 2 layers and the amount of multiplexing expected not to exceed three DMRS resources at one symbol location the current solution for addressing the legacy DMRS (3 DCI bits) could be revisited for optimization.
[bookmark: _Toc474174807][bookmark: _Toc474174464][bookmark: _Toc477873837][bookmark: _Toc481754939]Observation 4: Signaling of IFDMA-based DMRS multiplexing needs to be considered for sPUSCH transmissions
[bookmark: _Toc474174808][bookmark: _Toc474174465][bookmark: _Toc477873838][bookmark: _Toc481754940]Observation 5: For sTTI, the DCI CS field for UL DMRS can be reduced for overhead reduction
[bookmark: _Toc474174811][bookmark: _Toc474174468][bookmark: _Toc477873839][bookmark: _Toc481754944]Proposal 2: Consider introducing a revised, smaller CS field for UL DMRS comb, layer and cyclic shift signalling in DCI.
[bookmark: _Toc481754945]Proposal 3: Support up to 4 layers multiplexing via a combination of combs and CS
Aspects of control signalling
The introduction of IFDMA requires new control signalling in DCI. From the previous observation, the DCI should be able to control at least two layers as well as two possible combs. In the current specification, DCI for cyclic shift contains 3 bits to control up to 8 cyclic shift. Given the constrains for sTTI, 3 bits clearly is too much and some payload could be saved by reducing the CS field to 2 bits. 
[bookmark: _Toc481754941]Observation 6:The number of bits in the CS field in UL DCI can be reduced to signal the UL DMRS configuration for an uplink sTTI transmission.
[bookmark: _Toc481754942]Observation 7: No more than two CS and two combs may be used at a given time.
Moreover, it is possible to make more efficient use of the two DCI bits by connecting them to different lookup tables based on the number of layers configured for the scheduling uplink transmission, 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
	

	

	
	[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 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



Therefore, the following proposals are introduced.
[bookmark: _Toc481754946]Proposal 4: Use a set of predefined tables together with a two bit field in the UL DCI for signalling the CS and comb configurations for an uplink sTTI transmission. 
[bookmark: _Toc481754947]Proposal 5: Use a combination of two combs and two layers per comb for 4-layer uplink short TTI transmission.

Conclusion
In section 2 we made the following observations:
Observation 1 The minimum separations between DMRS sequences with RPF=2 is reduced by half of that with RPF=1. However, the minimum separation between different MIMO layers is still about 8.33us, which is still good for channel estimation on different layers
Observation 2: Up to two layers can be supported for an sPUSCH transmission by using only different CSs for the multiplexed DMRS.
Observation 3: 4-layer sPUSCH transmission can be supported by using IFDMA based DMRS with RPF = 2 combined with different CSs.
Observation 4: Signaling of IFDMA-based DMRS multiplexing needs to be considered for sPUSCH transmissions
Observation 5: For sTTI, the DCI CS field for UL DMRS can be reduced for overhead reduction
Observation 6:The number of bits in the CS field in UL DCI can be reduced to signal the UL DMRS configuration for an uplink sTTI transmission.
Observation 7: No more than two CS and two combs may be used at a given time.
 Based on the discussion in section 2 we propose the following:
Proposal 1 The existing cyclic shift definition and range can also be used for UL DMRS with IFDMA and RPF=2
Proposal 2: Consider introducing a revised, smaller CS field for UL DMRS comb, layer and cyclic shift signalling in DCI.
Proposal 3: Support up to 4 layers multiplexing via a combination of combs and CS
Proposal 4: Use a set of predefined tables together with a two bit field in the UL DCI for signalling the CS and comb configurations for an uplink sTTI transmission.
Proposal 5: Use a combination of two combs and two layers per comb for 4-layer uplink short TTI transmission.
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