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[bookmark: _Ref465963108]Introduction
During the past RAN1 meetings [1][2][3], most of the design issues for the low PAPR reference signal in Rel-16 are settled. In this contribution, we provide our views on the design of the remaining problems related to low PAPR reference signal design in Rel-16, including: 
· Options to generate 2 DMRS ports for PUSCH
· Length-6 CGS design
· Configuration and determination of Rel-16 new DMRS sequence for PUCCH 
· Configuration of Rel-16 new DMRS for DL SPS 
[bookmark: _Ref471731770][bookmark: _Ref462669569]Options to generate 2 DMRS ports for PUSCH
In RAN 1 #96 meeting, it was agreed that the PUSCH multiplexing capacity when Rel-16 DMRS is configured for pi/2 BPSK PUSCH is up to two ports for one OFDM symbol, four ports (TD-OCC across OFDM symbols) for two OFDM symbols. Furthermore, in RAN1 #95, it was agreed that the Rel-16 new DMRS for pi/2 BPSK PUSCH shall support comb 2 structure in the frequency domain. However, how to generate the Comb 2 structure is still open to date. 
During the offline email discussions after RAN1 #96 meeting, the following solutions to generate DMRS sequences for combs are identified. 
· Alt.1 pre-DFT block-OCC [X X] and [X -X] and use length N DFT and a single sequence set X
· Alt.2 Rel-15 Type 1 Mapping with a single sequence set X, i.e., sequence X in time domain gives same frequency domain sequence on both combs
· Mapping to 2nd comb can be implemented either pre-DFT (by applying a time-domain phase ramp ) or post-DFT (direct mapping the output of length N/2 DFT to the 2nd comb or apply a frequency-domain cyclic-shift on the sequence of the 1st comb)
· Alt.3 With two different sequence sets X1 and X2 to be used use for first and second comb respectively, further categorized into
· Alt.3-a:  As in Alt.1 where instead two sequence sets X1 and X2 are designed for use as [X1 X2] or [X2 -X2] for the two combs respectively  
· Alt.3-b:  As in Alt.2 where instead two sequence sets X1 and X2 are designed for each of the two combs respectively  
· Alt.4 Pre-DFT symbol level OCC and use length N  DFT (e.g. [++++…], [+-+-+-+-]) 
Although these alternatives are discussed in the context of Length-6 CGS design, the methodology should naturally be applied to DMRS sequence of other lengths (both <30 and ≥30). Next, we share our view on the above alternatives. 
For Alt 1, the method to generate the DMRS sequences on the two ports is clear. Figure 1 below illustrates the flow of DMRS sequence generation for the 2nd comb. In this scheme, the comb-2 structure is created via the pre-DFT spreading and pre-DFT-OCC. 
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[bookmark: _Ref4768921]Figure 1  Flow diagram for DMRS generation on the 2nd comb in Alt. 1
For Alt. 2, there are at least three equivalent methods to generate the 2nd comb, as identified above. Among these methods, the easiest one to implement is to first generate the DMRS sequence in the 1st comb using pre-DFT repetition and length N DFT, and then apply a frequency-domain cyclic shift +1 on the DFT output to shift the DMRS sequence to the 2nd comb. The flow diagram for this DMRS generation method is shown in Figure 2. Compared with this method, the other solutions either needs DFT operations for new lengths or need a time-domain phase ramp, hence resulting in a higher UE implementation complexity. 
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[bookmark: _Ref4768833]Figure 2  Flow diagram for DMRS generation on the 2nd comb in Alt. 2 using FD cyclic shift
In terms of PAPR, AC/XC and link-level simulation, Alt. 1 and Alt. 2 have very similar performance. Alt. 3 may bring very marginal performance gain in theory, but it requires additional memory in UE implementation and also needs additional work in RAN 1. Alt. 4 as above does not yield Comb 2 structure in the frequency domain, unless it is applied on top of Alt. 1 or Alt. 2, which implies increased complexity without bringing any performance gain. 
Based on the above discussions, both Alt. 1 and Alt. 2 provide valid solutions to generate a Comb 2 structure for the Rel-16 new DMRS. However, since these alternatives result in different DMRS sequences on the second comb, RAN1 needs to down-select between one of them. 
Proposal 1: RAN 1 down-selects between the following two alternatives to generate Comb-2 structure for the Rel-16 DMRS for pi/2 BPSK PUSCH from a length N/2 base sequence X:
· Alt. 1: pre-DFT block-OCC [X X] and [X -X] and use length N DFT
· Alt. 2: Rel-15 Type 1 mapping with a single sequence set X, i.e., sequence X in time domain gives same frequency domain sequence on both combs, where the sequence on the 2nd comb is generated by applying a frequency-domain cyclic shift +1 on the sequence on the 1st comb.
Length-6 CGS design 
In RAN1 #1901Ah, it was agreed to use 8PSK constellation for length-6 CGS. More specifically, the DMRS sequence before DFT spread shall be generated according to 

where the values of  are chosen from the set {-7,-5,-3,-1, 1, 3, 5, 7}, which corresponds to the 8PSK constellation in Figure 3  The 8PSK constellation below. 
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[bookmark: _Ref4747702]Figure 3  The 8PSK constellation
In Table 1 and Table 2 below, we provide two groups of length-6 CGSs that correspond to Alt 1 and Alt 2 discussed in Section 2, respectively. 
[bookmark: _Ref4743110]Table 1  A set of length-6 8PSK CGSs generated according to Alt. 1
	Index
	Sequence
	PAPR on port 0
	PAPR on port 2
	Max AC on   lags on port 0
	Max AC on   lags on port 2

	0
	    -7    -3     5     1    -7    -3
	    0.7882
	    0.7760
	    0
	    0.3333

	1
	    -7     1     5     1     5    -3
	    1.5367
	    0.7551
	    0
	    0.3333

	2
	    -7    -1     5     1     7    -5
	    1.5367
	    0.7760
	    0
	    0.3333

	3
	    -7    -1     3     1     7    -3
	    1.5367
	    0.5059
	    0
	    0.3333

	4
	    -7    -3     7    -5     5    -7
	    1.6347
	    1.6008
	    0.2551
	    0.3333

	5
	    -7     3     7     7    -5     5
	    1.6347
	    1.6119
	    0.2551
	    0.3333

	6
	    -7    -3    -7     5    -7    -3
	    1.6347
	    1.6119
	    0.2551
	    0.3333

	7
	    -7    -3     1    -3    -7    -3
	    1.6347
	    1.6008
	    0.2551
	    0.3333

	8
	    -7     5    -7     5    -7    -3
	    1.4431
	    1.6603
	    0.2732
	    0.0976

	9
	    -7    -3     7    -7     3     7
	    1.4307
	    1.7255
	    0.3333
	    0.2551

	10
	    -7     3     7    -7    -3     7
	    1.6132
	    1.7255
	    0.3333
	    0.2551

	11
	    -7     3    -3     1    -5     7
	    1.6750
	    1.7255
	    0.3333
	    0.2551

	12
	    -7     3    -1     1    -5     5
	    1.7343
	    1.4491
	    0.2551
	    0.3333

	13
	    -7     3    -3    -1    -7     5
	    1.7693
	    1.6259
	    0.2551
	    0.3333

	14
	    -7     3    -1     3    -3     7
	    1.0857
	    1.7968
	    0.3333
	    0.2551

	15
	    -7    -3     5     1     5    -3
	    1.7839
	    1.8051
	    0.2551
	    0.3333

	16
	    -7     1     5     1    -7    -3
	    1.8392
	    1.7431
	    0.2551
	    0.3333

	17
	    -7    -3    -7    -3    -7    -3
	    1.6246
	    1.8520
	    0.2551
	    0.3333

	18
	    -7     3    -7    -3     7    -5
	    1.8314
	    1.8577
	    0.2551
	    0.3333

	19
	    -7     3     7     5    -1     5
	    1.8395
	    1.8605
	    0.2551
	    0.3333

	20
	    -7    -1    -7     7    -5     5
	    1.7344
	    1.8690
	    0.2551
	    0.3333

	21
	    -7    -3     7    -5     1    -5
	    1.7344
	    1.8690
	    0.2551
	    0.3333

	22
	    -7    -1    -7     7     1     7
	    1.7799
	    1.8793
	    0.3333
	    0.2551

	23
	    -7     3    -7    -5     1    -5
	    1.7579
	    1.9161
	    0.3333
	    0.2551

	24
	    -7    -1     3    -1    -7    -3
	    1.7683
	    1.9247
	    0.3333
	    0

	25
	    -7     3     7     3    -7    -3
	    1.9429
	    1.7896
	    0.2551
	    0.3333

	26
	    -7    -3     7     3     7    -3
	    1.9429
	    1.8051
	    0.2551
	    0.3333

	27
	    -7    -3     3    -1     3    -3
	    2.0009
	    1.9935
	    0.3333
	    0

	28
	    -7    -1    -7    -5     3    -5
	    2.0009
	    1.7968
	    0.3333
	    0.2551

	29
	    -7     1    -7     7    -3     7
	    2.0375
	    1.6663
	    0.3125
	    0.3125



[bookmark: _Ref4743143]Table 2  A set of length-6 8PSK CGSs generated according to Alt. 2
	Index
	Sequence
	PAPR on port 0
	PAPR on port 2
	Max AC on   lags on port 0
	Max AC on   lags on port 2

	0
	      -7    -1     3     1     5    -3
	    1.5881
	    1.8358
	    0.2357
	    0.2357

	1
	    -7    -3     5     1     7    -5
	    1.5881
	    1.8358
	    0.2357
	    0.2357

	2
	    -7     1     5     3     7    -3
	    1.5881
	    1.8358
	    0.2357
	    0.2357

	3
	    -7    -3     3    -1     7    -5
	    1.5881
	    1.8358
	    0.2357
	    0.2357

	4
	    -7    -1     3     7     3    -3
	    1.3109
	    1.8531
	    0.2357
	    0.2357

	5
	    -7     3    -1     3     7    -3
	    1.3109
	    1.8531
	    0.2357
	    0.2357

	6
	    -7     3    -1     5    -7    -3
	    1.3109
	    1.8531
	    0.2357
	    0.2357

	7
	    -7    -3     1     7     3    -3
	    1.3109
	    1.8531
	    0.2357
	    0.2357

	8
	    -7     3    -7    -3    -7    -3
	    1.5195
	    1.8691
	    0.2357
	    0.2357

	9
	    -7    -3     3    -3    -7    -3
	    1.5195
	    1.8692
	    0.2357
	    0.2357

	10
	    -7    -3    -7    -3     3    -3
	    1.5195
	    1.8692
	    0.2357
	    0.2357

	11
	    -7    -3    -7     3    -7    -3
	    1.5195
	    1.8692
	    0.2357
	    0.2357

	12
	    -7     3    -7    -5     1    -5
	    1.8833
	    1.8675
	    0.2357
	    0.2357

	13
	    -7    -3     1    -3     1    -5
	    1.4610
	    1.8980
	    0.0976
	    0.0976

	14
	    -7    -3     7     5    -7    -3
	    1.4610
	    1.8980
	    0.0976
	    0.0976

	15
	    -7     3     7     3     7    -5
	    1.4610
	    1.8980
	    0.0976
	    0.0976

	16
	    -7    -3     1    -1    -7    -3
	    1.4610
	    1.8980
	    0.0976
	    0.0976

	17
	    -7     5    -7     3     7    -5
	    1.6121
	    1.9156
	    0.0976
	    0.0976

	18
	    -7    -3     1    -1    -5    -1
	    1.6121
	    1.9156
	    0.0976
	    0.0976

	19
	    -7    -3    -7     7    -5    -1
	    1.6121
	    1.9156
	    0.0976
	    0.0976

	20
	    -7    -3     1    -5    -1    -5
	    1.6121
	    1.9156
	    0.0976
	    0.0976

	21
	    -7    -1     1     7     1    -5
	    1.8840
	    2.0103
	    0.2357
	    0.2357

	22
	    -7     3    -3     3     5    -5
	    1.8840
	    2.0103
	    0.2357
	    0.2357

	23
	    -7     3     1     7    -7    -1
	    1.8840
	    2.0103
	    0.2357
	    0.2357

	24
	    -7    -3    -5    -1    -5    -1
	    1.7837
	    2.0237
	    0.0976
	    0.0976

	25
	    -7    -3     7    -5     7    -5
	    1.7837
	    2.0237
	    0.0976
	    0.0976

	26
	    -7    -3    -7    -3     7    -5
	    1.7837
	    2.0237
	    0.0976
	    0.0976

	27
	    -7    -3    -5    -1    -7    -3
	    1.7837
	    2.0237
	    0.0976
	    0.0976

	28
	    -7    -3     7    -5    -7    -3
	    1.7837
	    2.0237
	    0.0976
	    0.0976

	29
	    -7    -3    -7    -3    -5    -1
	    1.7837
	    2.0237
	    0.0976
	    0.0976




The performance comparison between the two sets of length-6 CGSs using Alt 1 and Alt 2 is shown below.
Table 3  Performance comparison between the CGSs for Alt. 1 and Alt. 2
	
	Alt 1
	Alt 2

	Min PAPR (port 0/port 2)
	0.79/0.51
	1.31/1.83	

	Mean PAPR (port 0/ port 2)
	1.68/1.62
	1.60/1.92

	Max PAPR (port 0/ port 2)
	2.04/1.99
	1.88/2.02

	Mean AC (port 0/port 2)
	0.25/0.28
	0.17/0.17

	Max AC (port 0/port 2)
	0.33/0.33
	0.24/0.24

	Mean XC (port 0/port 2)
	0.37/0.37
	0.43/0.43

	95% XC (port 0/port 2)
	0.71/0.71
	0.81/0.81



Based on the discussion above, we make the following proposal. 
Proposal 2: For length 6, NR Rel-16 supports the pre-DFT sequences  with  defined in either Table 1 or Table 2 followed by transform precoding as DMRS for/2 BPSK modulation for PUSCH.
Remaining issues for Rel-16 new DMRS design for PUCCH 
In previous RAN1 meetings, the methods to configure and determine the Rel-16 new DMRS sequence for PUSCH are settled. In particular, it was agreed that when Rel-16 sequence for pi/2 BPSK PUSCH DMRS is configured, the Rel-16 sequence is used for all sequence lengths. Furthermore, the methods to initialize the Gold sequence for length ≥30 and to select the CGS index for length <30 are agreed. 
However, how to configure and determine the Rel-16 new DMRS sequence for PUCCH is still open. In this section, we share our view on this issue. 
For PUCCH Format 3, the length of the DMRS can be either ≥36 or <36 (note that the DMRS length for PUCCH Format 3 has to be multiples of 12).  Based on the above agreement for PUSCH, it is reasonable to have one RRC configuration that applies to all sequence lengths.
Proposal 3: When Rel-16 DMRS sequence for pi/2 BPSK PUCCH Format 3 and Format 4 is configured, the Rel-16 sequence is used for all sequence lengths. 

For PUCCH format 3, different pi/2 BPSK sequences (Gold sequence vs CGS) may be used depending on the sequence length. If the DMRS length ≥36 (i.e., 3 RB allocations or larger), the Gold sequence may be initialized the same way as for PUCCH Format 2 in NR Rel-15 as follows:  


where  follows scramblingID0 in DMRS-UplinkConfig if configured, and is equal to  otherwise. 

When the DMRS length is smaller than 36, CGS is used, where the CGS index can be determined using the same approach as in Rel-15 PUCCH Format 3. In particular, the CGS index u shall be determined by 

where
· 
· 
 
where the pseudo-random sequence c(i) shall be initialized at the beginning of each radio frame with  where  is given by the higher-layer parameter hoppingId if configured, and is equal to the cell ID otherwise. 

Proposal 4: Rel-16 DMRS sequence for pi/2 BPSK PUCCH Format 3 is determined according to
· For length >30, the Gold sequence shall be initialized in the same way as for the DMRS for PUCCH format 2 in NR Rel-15, i.e., 

· For length ≤ 30, the CGS index u shall be determined the same way as for the DMRS for PUCCH Format 3 in NR Rel-15, i.e., 





For PUCCH format 4, it was agreed that the “orthogonal” MU capacity when Rel-16 DMRS is configured for pi/2 BPSK PUCCH is a single port. However, this will strongly limit the benefit of pi/2 BPSK and in fact may render the PUCCH format 4 useless. Indeed, in Rel-15, PUCCH format 4 resource can be configured with 2 or 4 UE “orthogonal” multiplexing. And the information bits for different UEs are multiplexed essentially in a FDM fashion. As such, if we limit the number of scheduled UEs on PUCCH format 4 to be one, then that means 50% (when occ-Length = 2) or 75% (when occ-Length = 4) of the data tones are wasted, because these tones cannot be allocated to other UEs, as shown in Figure 4. Besides, this is against the spirit of an earlier agreement made in RAN1 95. 
Agreement [1]
Support PUCCH DMRS enhancements for PUCCH format 3 and 4 


[bookmark: _Ref4777241]Figure 4  Single UE PUCCH format 4 RE mapping structure with Pi/2 BPSK modulation
To eliminate this problem, it is reasonable to follow the agreement made for PUSCH MU design in RAN1-96, which allow the gNB to reschedule “nonorthogonal MU” in a transparent fashion by indicate different DMRS sequences. The “transparent nonorthogonal MU” agreement for PUSCH is copy-and-pasted below
Agreement [3]
· For PUSCH DMRS with pi/2-BPSK modulation, two RRC parameters ScramblingID0 and ScramblingID1 can be configured by RRC as for CP-OFDM DMRS (16 bit per ID)
· Used in cinit for length ≥30 as n_ID^{n_SCID=0}, n_ID^{n_SCID=1}
· For length<30, these parameters are used as N_ID^PUSCH is configured as either ScramblingID0 or ScramblingID1 depending on DCI
· DCI indicates n_SCID={0,1} dynamically, without increasing DCI size to select the above parameter
· Antenna port indication is re-used for n_SCID indication as follows:
· DMRS port 1000,1002,1004 and 1006 are interpreted as port 1000,1002,1004 and 1006, respectively, with n_SCID=0
· DMRS port 1001,1003,1005 and 1007 are interpreted as port 1000,1002,1004 and 1006, respectively, with n_SCID=1

More specifically, in Rel-15, each PUCCH resource with format 4 is configured with an occ-length and an occ-index, where the occ-length indicates the multiplexing capacity (i.e., 2 vs 4) and the occ-index indicates the pre-DFT OCC code applied to the payload of the PUCCH format 4 transmission of a specific UE. In case the Rel-16 new DMRS is configured for PUCCH format 4, UE may select a different DMRS sequence based on the occ-index. One way to define a the occ-index to DMRS sequence (i.e., CGS) index mapping is to configure two or four ’s depending on the multiplexing capacity, and then map each occ-index to an .

From implementation point of view, the proposed change w.r.t Rel-15 only impact software and should be have any hardware impact at both UE and eNB. 

With the following proposal, the tone/RE usage from system perspective is illustrated in Figure 5. 



[bookmark: _Ref4777501]Figure 5 : PUCCH format 4 RE mapping structure with 4 UE MUX with Pi/2 BPSK modulation

Proposal 5: When Rel-16 DMRS sequence for pi/2 BPSK PUCCH Format 4, two (if occ-length=2) or four (if occ-length=4) hoppingID (, , , ) can be configured by RRC 
· Used in  and  to determine the CGS group index 
· UE determines the  where occ-index is the occ-index associated with the PUCCH format 4 resource 
Configuration of Rel-16 new DMRS for DL SPS 
In the RAN1 #96 meeting, the following agreement was reached on the Rel-16 DMRS for CP-OFDM. 

Agreement
For CP-OFDM, if Rel.16 DMRS is configured by RRC, it only applies when scheduled by DCI formats 0_1 and 1_1 or with a PUSCH transmission with configured grant.
· Note: It is up to the editor whether/how to capture this agreement

However, it is not clear whether DL SPS is covered by this agreement. Therefore, we would like to clarify this in RAN 1. 

Proposal 6: For PDSCH, if Rel.16 DMRS is configured by RRC, it applies for SPS PDSCH.
Conclusions
In this contribution, we have made the following proposals. 
Proposal 1: RAN 1 down-selects between the following two alternatives to generate Comb-2 structure for the Rel-16 DMRS for pi/2 BPSK PUSCH from a length N/2 base sequence X:
· Alt. 1: pre-DFT block-OCC [X X] and [X -X] and use length N DFT
· Alt. 2: Rel-15 Type 1 mapping with a single sequence set X, i.e., sequence X in time domain gives same frequency domain sequence on both combs, where the sequence on the 2nd comb is generated by applying a frequency-domain cyclic shift +1 on the sequence on the 1st comb.
Proposal 2: For length 6, NR Rel-16 supports the pre-DFT sequences  with  defined in either Table 1 or Table 2 followed by transform precoding as DMRS for/2 BPSK modulation for PUSCH.
Proposal 3: When Rel-16 DMRS sequence for pi/2 BPSK PUCCH Format 3 and Format 4 is configured, the Rel-16 sequence is used for all sequence lengths. 

Proposal 4: Rel-16 DMRS sequence for pi/2 BPSK PUCCH Format 3 is determined according to
· For length >30, the Gold sequence shall be initialized in the same way as for the DMRS for PUCCH format 2 in NR Rel-15, i.e., 

· For length ≤ 30, the CGS index u shall be determined the same way as for the DMRS for PUCCH Format 3 in NR Rel-15, i.e., 





Proposal 5: When Rel-16 DMRS sequence for pi/2 BPSK PUCCH Format 4, two (if occ-length=2) or four (if occ-length=4) hoppingID (, , , ) can be configured by RRC 
· Used in  and  to determine the CGS group index 
· UE determines the  where occ-index is the occ-index associated with the PUCCH format 4 resource 
[bookmark: _GoBack]
Proposal 6: For PDSCH, if Rel.16 DMRS is configured by RRC, it applies for SPS PDSCH.
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