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Introduction
In NR RAN AH1901 meeting, the good progress was achieved on DMRS enhancement for both CP-OFDM and DFT-s-OFDM [1]. Some agreements are listed as follows
Agreement#1:
For length 12,18, and 24 respectively, NR Rel-16 supports the binary CGS in the Table C1, C2, and C3 respectively followed by pi/2 BPSK modulation followed by DFT as DMRS sequence for π/2 BPSK modulation for both PUSCH and PUCCH.
· The above is applicable to single-symbol DMRS configuration
· FFS: CGS for two-symbol DMRS configuration
Table C1, C2, and C3 can be found in R1-1901362

Agreement#2:
· For pi/2 BPSK Rel.16 sequence design for PUSCH DMRS of length ≥30
· Cell ID default scrambling parameter(s) unless configured otherwise
· Use c_init formula from Rel.15 CP-OFDM DMRS and reuse Rel-15 Gold sequence generator
· Open issues for further study:
· Whether new Rel.16 DMRS sequence is used for Msg3 
· For which DCI formats, search spaces and RNTIs the new Rel.16 DMRS sequence configuration is applicable
· Configuration of Rel.16 sequence for pi/2 BPSK PUSCH DMRS
· Alt.A One configuration of Rel.16 sequence applies to all lengths
· Alt.B Independent configuration of Rel.16 sequence for sequence length ≥30 and <30 
· Down-select between Alt.1 and Alt.2 in RAN1#96
· Alt.1  Follow DFT-S-OFDM approach 
· nIDnSCID  is defined as nPUSCH-Identity  
· Only nSCID=0 is applicable
· No change to DCI, only RRC is used to configure 
· Alt.2 Follow CP-OFDM approach 
· nIDnSCID   parameters are configured by RRC as for CP-OFDM DMRS
· DCI is used to indicate nSCID as for CP-OFDM
· 1 bit always present in DCI when Rel.16 DMRS is configured 
· FFS on how to interpret 1 bit in DCI for length<30 
· Possible benefit: gNB can dynamically select sequence to reduce probability of a bad sequence choice (e.g. nulls in PSD)
Agreement#3:
For length 6 CGS; 8-PSK is used
Decide the associated sequences in the next RAN1 meeting	

Agreement#4
For one OFDM symbol DMRS and for PUSCH with pi/2 BPSK modulation, down select among the following alternatives
· Alt.0: Only a single DMRS port is supported (one comb is used)
· Alt.1: One DMRS port per comb is supported (in total 2 ports)
· Alt.2: Support two DMRS ports per comb (in total 4 ports) 
· Study may take UL timing misalignment into account 

Conclusion
Multiple companies in RAN1 have identified a power imbalance issue due to the some combinations of Rel.15 DMRS and some MIMO precoding matrices
· For example, it may occur for some cases of two symbol DMRS and two or four layer MIMO for a UE 
· Some companies claim this can be avoided by implementation based solutions for PDSCH and PUSCH
In this contribution, we provide our views on the remaining issues of low PAPR DMRS enhancements. In addition, we provide our views on inter-symbol power imbalance issue.
Discussion
DMRS PAPR for DFT-s-OFDM for PUSCH
CGS for length-6
In NR RAN1 AH1901 meeting, new CGS tables based on pi/2 BPSK DMRS were agreed for length 12, 18 and 24 for PUSCH with pi/2 BPSK modulation. For length 6 CGS, it was agreed to use 8PSK.
In this section, we provide the 30 sequences for length 6 searched by setting proper selection criteria, such as predefined threshold for PAPR, low cross correlation, good auto-correlation. The searched sequences are shown in Table 2.1.1-1.
Table 2.1.1-1 New sequences for Length=6
	u
	

	PAPR

	0
	-7
	-3
	-7
	5
	1
	5
	0.7788

	1
	-7
	-3
	-7
	-3
	1
	-3
	1.5308

	2
	-7
	-5
	7
	1
	-3
	5
	1.8751

	3
	-7
	-5
	-7
	3
	-1
	5
	1.9118

	4
	-7
	-5
	-1
	5
	1
	-5
	1.914

	5
	-7
	-7
	-1
	1
	-5
	1
	2.1033

	6
	-7
	-7
	1
	7
	1
	3
	2.1042

	7
	-7
	-5
	1
	-5
	1
	-5
	2.1611

	8
	-7
	-5
	-1
	5
	1
	-3
	2.1617

	9
	-7
	-5
	-7
	3
	-7
	3
	2.1651

	10
	-7
	-5
	7
	3
	-1
	5
	2.1652

	11
	-7
	-7
	7
	1
	-5
	3
	2.1987

	12
	-7
	-7
	-1
	7
	1
	-5
	2.2031

	13
	-7
	-5
	7
	-5
	5
	1
	2.2248

	14
	-7
	-3
	1
	-5
	1
	-5
	2.2792

	15
	-7
	-3
	-5
	5
	-5
	5
	2.2803

	16
	-7
	-3
	-7
	-3
	1
	-1
	1.4623

	17
	-7
	-3
	-7
	-3
	1
	-5
	1.6273

	18
	-7
	-3
	-7
	5
	-1
	5
	2.0376

	19
	-7
	-3
	1
	7
	1
	-3
	2.0429

	20
	-7
	-5
	3
	-1
	-7
	-3
	2.2142

	21
	-7
	-7
	7
	1
	-3
	5
	2.1893

	22
	-7
	-7
	-3
	5
	1
	-5
	2.1944

	23
	-7
	-3
	-7
	-3
	-7
	5
	1.5308

	24
	-7
	-5
	-7
	3
	-3
	1
	1.9285

	25
	-7
	-5
	3
	7
	1
	-5
	1.9287

	26
	-7
	-5
	-1
	3
	-1
	-5
	2.2361

	27
	-7
	-5
	-7
	5
	1
	5
	2.2413

	28
	-7
	-7
	3
	-1
	7
	-5
	2.2683

	29
	-7
	-7
	7
	-5
	3
	-1
	2.2721


In Table 2.1.1-2, we provide the PAPR, auto correlation, cross correlation property and the variance of amplitude in frequency domain of our selected sequences. Compared to PN sequences with pi/2 PBSK modulation, our selected sequences have comparable PAPR. 
Table 2.1.1-2 PAPR, Auto-Corr and X-Corr based on selected sequences for length=6
	PAPR with FDSS
	Xcorr
	Auto-corr
 (+1/-1 CS)
	Var of FR

	Min
	Mean
	Max
	Min
	Mean
	Max
	Min
	Mean
	Max
	Min
	Mean
	Max

	0.779
	2.008
	2.280
	0.436
	0.693
	0.959
	0
	0.188
	0.333
	0.361
	0.484
	0.555


Since DMRS generated before DFT operation may cause non-flatness in frequency domain which may further impact the accuracy of the channel estimation, we provide our LLS results to compare BLER performance of our searched sequence and Rel-15 DMRS in Appendix-3. The performance of the sequences provided in [3][4][5][6] are also provided as shown in Appendix-3. In our simulation, DMRS channel estimation is implemented in frequency domain. FDSS corresponding to a time-domain response of [-0.28,1,-0.28] is assumed. Other simulation assumptions can be found in Table 5-1 in Appendix. From the results, it is observed our searched sequences don’t cause much performance degradation even delay spread is 1000ns while significant performance loss is observed from some of the sequences proposed in [3][4][5][6]. The performance degradation are mainly caused by the fluctuation in frequency domain of these sequences. As shown in Table 7-1 in Appendix-3, the amplitude variance in frequency domain are also presented for all the proposed sequences. From Table 7-1 we can see that, more flatness the sequences in frequency domains is, better performance is expected.
Proposal 1: The sequences in Table 2.1.1-1 is adopted for length 6.
MU-ports
In Rel-15, maximum 4 and 8 MU-ports are supported for single and double front-loaded DMRS symbols respectively. In order to achieve the equal capacity with Rel-15, the pre-DFT DMRS sequence should also support 4 and 8 DMRS ports.


Step 1: As described in [2], the DMRS sequence with length  before DFT can be equally divided into two parts, wherein is the number of subcarriers of scheduled PUSCH. In order to make two DMRS ports map on different comb offsets in frequency domain , the first part sequence denoted as R should be the same or  negative of the second part, i.e. [R R] or [R - R]. In other words, two OCC codes [1 1] and [1 -1] can be multiplied on the first part and the second part of the DMRS sequence, wherein the first part and the second part are the same.  Based on this sequence mapping, two orthogonal DMRS ports can be achieved.
Taking 1 PRB PUSCH scheduling as an example, length 6 CGS is used and denoted as R = [ r(0)  r(1)  r(2)  r(3)  r(4)  r(5)]. Then, the DMRS sequence for port 0 and port 1 are as follows
Port 0: [ r(0)  r(1)  r(2)  r(3)  r(4)  r(5)]   [ r(0)  r(1)  r(2)  r(3)  r(4)  r(5) ]
Port 1: [ r(0)  r(1)  r(2)  r(3)  r(4)  r(5)]  - [ r(0)  r(1)  r(2)  r(3)  r(4)  r(5) ] 

Step 2: In order to get another two orthogonal DMRS ports, OCC codes [1 1] and [1 -1] can be further used in each of two adjacent samples of DMRS sequences. Since the channel response difference of two adjacent samples is usually not much, orthogonality can still be guaranteed even two DMRS ports map on the same comb offset as follows
Port 0: [ r(0)   r(1)  r(2)  r(3)  r(4)   r(5)]   [ r(0)  r(1)   r(2)  r(3)  r(4)  r(5) ]
Port 2: [ r(0)  -r(1)  r(2)  -r(3)  r(4)  -r(5)]   [ r(0)  -r(1)  r(2)  -r(3)  r(4)  -r(5) ] 
Another solution is to further divide R into two portions, denoted as R = [s1 s2] and apply OCC codes [1 1] and [1 -1] to the two portions as described in [2]. So sequence [s1 s2] [s1 s2] is used for port 0 and sequence [s1 -s2] [s1 -s2] is for port 2. However, this kind of OCC demodulation should assume the same of channel response between s1 and s2 which seems not aligned with reality. 
Step 3: If two front loaded DMRS symbols are configured, TD-OCC on two adjacent symbols can still be used as Rel-15 to achieve further orthogonality, e.g. for port 0, [R R] and [R R] are used in two adjacent DMRS symbols respectively, and for port 4, [R R] and -[R R] are used.
Port 0: [R R]   [R R]
Port 4: [R R]  -[R R] 


In brief, for PUSCH transmission with  subcarriers, DMRS sequence based on CGS with length  is repeated in the first half part and the second half part. For different DMRS ports, OCC [1 1] and [1 -1] can be used in two parts, two adjacent samples or two DMRS symbols.


Proposal 2: For PUSCH transmission with subcarriers, DMRS sequence based on CGS with length  is repeated in the first half part and the second half part. OCC [1 1] and [1 -1] can be applied in two parts, each two adjacent samples or two DMRS symbols as follows
Table 2.1.2-1 OCC codes for different DMRS ports
	Port number
	OCC in first half part and the second half part
	OCC in each of two adjacent samples
	OCC in two adjacent symbols

	0
	[1 1]
	[1 1]
	[1 1]

	1
	[1 1]
	[1 -1]
	[1 1]

	2
	[1 -1]
	[1 1]
	[1 1]

	3
	[1 -1]
	[1 -1]
	[1 1]

	4
	[1 1]
	[1 1]
	[1 -1]

	5
	[1 1]
	[1 -1]
	[1 -1]

	6
	[1 -1]
	[1 1]
	[1 -1]

	7
	[1 -1]
	[1 -1]
	[1 -1]


[bookmark: _GoBack]For length ≥30
· Sequence design for length ≥30
For pi/2 BPSK Rel.16 sequence design for PUSCH DMRS of length ≥30, two options were agreed as follows. 
· Alt.1  Follow DFT-S-OFDM approach 
· nIDnSCID  is defined as nPUSCH-Identity  
· Only nSCID=0 is applicable
· No change to DCI, only RRC is used to configure 
· Alt.2 Follow CP-OFDM approach 
· nIDnSCID   parameters are configured by RRC as for CP-OFDM DMRS
· DCI is used to indicate nSCID as for CP-OFDM
· 1 bit always present in DCI when Rel.16 DMRS is configured 
· FFS on how to interpret 1 bit in DCI for length<30 
· Possible benefit: gNB can dynamically select sequence to reduce probability of a bad sequence choice (e.g. nulls in PSD)
In Alt.1, nSCID=0 is used, and it does not need any DCI change.  
In Alt.2, one more bit is needed to indicate the value of nSCID. It introduces more flexibility for gNB to choose a better one of two prepared sequence. However, it causes higher complexity of gNB and introduce a new DCI size. So it is better to support Alt.2 if DCI size can be kept as the same as Rel-15. For instance, if only 1 or 2 MU ports are finally supported, then the reserved entries in the DMRS port indication table can be used to jointly encode between nSCID and DMRS port information as the same as LTE.
Proposal 3: DCI is used to indicate nSCID if DCI size can be kept as the same as Rel-15.

· Configuration of Rel.16 sequence for pi/2 BPSK PUSCH DMRS
As for RRC configuration of Rel.16 sequence for pi/2 BPSK PUSCH DMRS, two options were agreed as shown in agreement#2 in section 1.
· Alt.A One configuration of Rel.16 sequence applies to all lengths
· Alt.B Independent configuration of Rel.16 sequence for sequence length ≥30 and <30
For length <30, CGS is used. All searched sequences were verified based on LLS BLER performance comparison. However, for length ≥30, although the pre-DFT sequence based Gold sequence and pi/2 BPSK modulation introduces lower PAPR compared with Rel-15 post-DFT sequence, the channel estimation accuracy may be bad if the flatness of the pre-DFT sequence in frequency domain is not good. 
In order to get most flexibility for gNB, Alt. B should be supported. In the case when the performance of pre-DFT sequence with length ≥30 is bad, Rel-15 sequence can be used.    
Proposal 4: Support Alt.B, i.e. independent configuration of Rel.16 sequence for sequence length ≥30 and <30. 

DMRS PAPR for DFT-s-OFDM based PUCCH
In RAN1#95 meeting, enhancements for PUCCH format 3 and 4 were agreed as follows.
Agreement: 
Support PUCCH DMRS enhancements for PUCCH format 3 and 4


Since there is no need to support different comb offsets in frequency domain for PUCCH transmission, DMRS sequence based on CGS with length  should be used for PUCCH with  subcarriers.   
Because of no multiplexing of multiple resources of PUCCH format 3 in Rel-15, orthogonal DMRS ports for PUCCH format 3 is unnecessary.
However, for PUCCH format 4, two or four orthogonal ports should be supported as Rel-15 in one OFDM symbol. Then we support applying OCC codes in each two or four adjacent samples within one OFDM symbol. Since one PRB is always used for PUCCH format 4, OCC codes for multiplexing factor 2 and 4 should be as follows

 Table 2.3-1 Orthogonal sequences  for PUCCH format 4 when .
	

	


	0
	[+1  +1  +1  +1  +1  +1  +1  +1  +1  +1  +1  +1]

	1
	[+1  -1   +1  -1  +1  -1   +1  -1  +1   -1  +1  -1 ]




Table 2.3-2 Orthogonal sequences  for PUCCH format 4 when .
	

	


	0
	[+1  +1  +1  +1  +1  +1  +1  +1  +1  +1  +1  +1]

	1
	[+1  -j   -1   +j  +1   -j   -1  +j   +1  -j   -1   +j ]

	2
	[+1  -1   +1  -1  +1  -1   +1  -1  +1   -1  +1  -1 ]

	3
	[+1  +j    -1  -j   +1  +j   -1   -j  +1  +j   -1   -j ]




Proposal 5: For PUCCH transmission with subcarriers, DMRS sequence based on CGS with length  is used. OCC codes in each of two or four adjacent samples within one OFDM symbol should be used for multiplexing factor 2 or 4 respectively.

Power imbalance


In previous meetings, several companies mentioned power imbalance issue of Rel-15 DMRS design. Some possible solutions were proposed, e.g. port-specific phase rotation [3]. More specifically, the OCC for DMRS port p is defined to be , and  phase  can take value from {1, -1, j, -j}. Since one DMRS port corresponds to one layer transmission, this solution can also be called layer-specific phase rotation.
For DL, this layer specific phase rotation can be simultaneously used for both data and DMRS port as described in the following formula: 

   



wherein  is the estimation channel based on DMRS port which is multiplied by ,  y is the received data signal which is also multiplied by . The demodulation behavior of the received signal and channel is the same as legacy behavior.
In this case, there is not any standard impact. The power imbalance issue can be solved by gNB implementation as shown in Figure 2.4. 
[image: ]
Figure 2.3 layer-specific phase rotation is used for both data and DMRS port
Observation 1: The power imbalance issue for DL can be solved by gNB implementation by applying layer-specific phase rotation for both data and DMRS.
Since only the following precoder and DMRS port combinations cause power imbalance issues for UL, the standard modification should only be used for those combinations if UE has no ability to avoid power imbalance issue by implementation.
Table 2.3 Candidate TPMI and DMRS port combinations which cause power imbalance
	Number of Tx
	TRI
	TPMI defined in [5]
	DMRS ports defined in [6]

	2
	2
	1,2
	Type 1: {0,4}, {2,6}

	4
	2
	14,15,16,17,18,19,20,21
	Type 1: {0,4}, {2,6}

	
	3
	3,4,5,6
	Type 1: {0,1,4}, {2,3,6}
Type 2: {0,1,6}, {2,3,8}

	
	4
	3,4
	Type 1: {0,1,4,5}, {2,3,6,7}, {0,2,4,6}
Type 2: {0,1,6,7}, {2,3,8,9}, {4,5,10,11}


In such case, we propose to multiply the layer-specific phase rotation to each vector of the precoding matrix only if TPMI and DMRS port indication are configured as the above table [4]. Phase rotation can be {1, -1, j, -j} as described in [3]. Specifically, the first TRI values from {1, -1, j, -j} can be multiplied to the first TRI columns of the precoding matrix respectively as follows


Proposal 6: For UL, layer-specific phase rotation is multiplied to each vector of a precoding matrix if the combination of the precoding matrix and a DMRS causes power imbalance issue. 

Conclusions
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In this contribution, we provide our views to enhancement of PAPR reduction on DMRS. In addition, we provide our views on power imbalance issue.
Proposal 1: The sequences in Table 2.1.1-1 is adopted for length 6.


Proposal 2: For PUSCH transmission with subcarriers, DMRS sequence based on CGS with length  is repeated in the first half part and the second half part. OCC [1 1] and [1 -1] can be applied in two parts, each two adjacent samples or two DMRS symbols.
Proposal 3: DCI is used to indicate nSCID if DCI size can be kept as the same as Rel-15.
Proposal 4: Support Alt.B, i.e. independent configuration of Rel.16 sequence for sequence length ≥30 and <30. 


Proposal 5: For PUCCH transmission with subcarriers, DMRS sequence based on CGS with length  is used. OCC codes in each of two or four adjacent samples within one OFDM symbol should be used for multiplexing factor 2 or 4 respectively.
Proposal 6: For UL, layer-specific phase rotation is multiplied to each vector of a precoding matrix if the combination of the precoding matrix and a DMRS causes power imbalance issue.
Observation 1: The power imbalance issue for DL can be solved by gNB implementation by applying layer-specific phase rotation for both data and DMRS.
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Appendix-1
Table 5-1. Simulation assumptions for LLS
	Parameters
	Values

	System bandwidth
	20MHz

	SCS
	30kHz

	Carrier Frequency
	4GHz

	Channel
	TDL-A 1000ns

	UE speed
	3km/h

	Number of Antennas
	UE Tx=1, gNB Rx = 8

	PUSCH format
	11 symbols with 1 front-loaded DMRS symbol

	Number of UE
	1UE

	#RB for PUSCH
	1RB

	Coding rate
	0.25

	Coding
	LDPC + CRC



Appendix-2
In the sequence search procedure, the following formulas are used to calculate the PAPR, auto/cross correlation and variance in frequency domain respectively.
PAPR calculation:

Correlation calculation:
xcorr_coeffs(cs_index) = abs (sum( (seq1(cs_index) .* conj(seq2))) / length(seq1)
Herein, cs_index represents the cyclic shift of the sequence. When seq1 is the same as seq2, xcorr_coeffs(cs_index) indicates the cyclic shift auto-correlation of the sequence, and when seq1 and seq2 are different, xcorr_coeffs(cs_index) indicates the cross-correlation of the two sequences.
Variance calculation:
seq_var = var(abs(fft(seq)))
Appendix-3
Table 7-1. performance comparisons for all the proposed sequences. 
	
	PAPR with FDSS
	XCORR
	AUTO CORR(+1/-1 )
	Var of FR

	
	Min
	Mean
	Max
	Min
	Mean
	Max
	Min
	Mean
	Max
	Min
	Mean
	Max

	ZTE
	0.779
	2.008
	2.280
	0.436
	0.693
	0.959
	0
	0.188
	0.333
	0.361
	0.484
	0.555

	[3]
	1.460
	1.926
	2.219
	0.436
	0.703
	0.959
	0
	0.188
	0.236
	0.361
	0.785
	2.198

	[4]
	1.442
	1.877
	2.11
	0.357
	0.658
	0.933
	0
	0.194
	0.236
	0.360
	1.124
	2.198

	[5]
	1.612
	1.908
	2.208
	0.357
	0.661
	0.933
	0
	0.203
	0.236
	0.361
	0.999
	1.945

	[6]
	1.461
	2.016
	2.272
	0.436
	0.691
	0.959
	0
	0.182
	0.236
	0.361
	0.739
	2.198



[image: ]
Figure 7-0 PUSCH BLER Performance for sequences from ZTE
[image: ]
Figure 7-1. PUSCH BLER Performance for sequences proposed in [3]

[image: ]
Figure 7-2. PUSCH BLER Performance for sequences proposed in [4]
[image: ]
Figure 7-3. PUSCH BLER Performance for sequences proposed in [5]
[image: ]
Figure 7-4. PUSCH BLER Performance for sequences proposed in [6]
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