Page 4
Draft prETS 300 ???: Month YYYY
3GPP TSG RAN WG1 Meeting Ad-Hoc Meeting 1901	R1-1901293
Taipei, Taiwan, 21st-25th January, 2019

Source:	Ericsson
Title:	Feature lead summary of low PAPR RS
Agenda Item:	7.2.8.5
Document for:	Discussion and Decision
[bookmark: _In-sequence_SDU_delivery]Previous meeting decisions on low PAPR RS
The following decisions were taken in RAN1#95:
Related to CP-OFDM
Agreement
The working assumption from RAN1#95 on low PAPR RS for Rel-16 NR is confirmed as an agreement 
· For PDSCH DMRS and PUSCH DMRS for CP-OFDM, DMRS enhancements are specified in Rel.16 to reduce the PAPR to the same level as for data symbols for all port combinations given by 38.212
· For the Rel-16 DMRS enhancement, each CDM group can be configured with different cinit
· For Type 1, the two cinit (configured by nSCID=0,1, respectively) in Rel-15 are used for port(s) in each of the two CDM groups, respectively
· For Type 2, introduce the CDM group index in cinit 
· FFS: How CDM group index is derived?
· For Type 1 and Type 2, simultaneously use dynamic TRP selection (or MU-MIMO pairing with different nSCID) and CDM group specific cinit is supported
· The following solution categories are precluded 
· Modification of OCC 
· Modification to PN sequence generation, such as subsampling a longer sequence
· Note: Concerns raised by MediaTek that preclusion of the above solutions will negatively impact power imbalance issue
· Carefully consider backward compatibility issues and the total number of cinit configured per UE
Conclusion
For CSI-RS, there is no consensus to specify low PAPR related specification features in Rel-16

Agreement
For CP-OFDM and for both DMRS type 1 and 2, the following cinit for CDM group λ is used for Rel-16 DMRS sequence generation
[image: ]
and where nSCID is provided by DCI. Lambda is absolute CDM group index.


Related to DFT-s-OFDM
Agreement
The working assumption from RAN1#95 on low PAPR RS for Rel-16 NR is confirmed as an agreement 
· For PUSCH/PUCCH DMRS for pi/2 modulation, new DMRS sequences are specified in Rel.16 to reduce the PAPR to the same level as for data symbols
· Carefully consider channel estimation performance and cross correlation performance

Agreement
Metrics to consider for new sequence design for the pi/2 BPSK DMRS are the gNB receiver complexity, PAPR relative to data and link level throughput/BLER performance considering frequency domain flatness and autocorrelation properties, interference considering cross correlation properties and when applicable (e.g. PUCCH), orthogonality of sequences

Agreement
· For sequences with length 30 or larger, DMRS for π/2 BPSK modulation for PUSCH is generated based on Gold-sequence followed by π/2 BPSK modulation followed by transform precoding resulting in a DMRS Type 1 comb structure. 
· For sequences with length 30 or larger, DMRS for π/2 BPSK modulation for PUCCH is generated based on Gold-sequence followed by π/2 BPSK modulation followed by transform precoding. 
· For sequences with allocation length 6,12,18 and 24 CGS is used for DMRS for π/2 BPSK modulation in case of PUSCH and PUCCH 

Agreement 
Support PUCCH DMRS enhancements for PUCCH format 3 and 4
Other issues
Agreement
· For the next meeting:
· Power imbalance issues
· Power imbalance between PAs, between OFDM symbols, between RE in same OFDM symbol 
· Whether is it in scope of WI and if so, whether to specify a solution

Signalling for Rel.16 CP-OFDM DMRS configuration
This issue was highlighted as an FFS in the chairman notes from RAN1#95:

For further study:
When 2nd or 3rd CDM group is used, there are two behaviors for a Rel.16 UE: Rel.15 or Rel.16 sequences
· Alt.1 RRC signaling to configure the use of R.15 or R.16 sequence for 2nd and 3rd CDM group
· Alt.2 RRC + DCI signaling to switch between R.15 or R.16 sequence for 2nd and 3rd CDM group
· DCI code points or explicit (new) bit can be used
More analysis of potential benefits needed, down-select next meeting between Alt. 1 and 2 

Here follows the company input for RAN1 AH1901:

	[bookmark: _Hlk535567072]Company
	Preference
	Motivation

	Huawei, HiSilicon
	Alt.2 
	Rel.15 and 16 MU pairing, Interference suppression
There are following issues:
· DMRS ports for Rel-15 UE and Rel-16 UE are in the same CDM group: due to the different sequences generation, how to guarantee orthogonal for the DMRS ports?
· DMRS ports for Rel-15 UE and Rel-16 UE are in different CDM groups: for Rel-15 UE, how to estimate interference from Rel-16 DMRS sequences, as Rel-15 UE cannot understand Rel-16 new sequences?
· MU scheduling is DCI level, cannot be RRC level.

	ZTE
	Alt.2
	Rel.15 and 16 MU pairing in some cases. DPS between Rel.15 and 16 gNBs
Besides DPS, for DMRS type 2 with 1 symbol, It is impossible to support MU-MIMO between one Rel-15 UE with rank 3 and other Rel-16 UE if the following proposal 1 is agreed.

	vivo
	Alt.1
	System complexity and instability will increase with dynamic switch between Rel-15 and Rel-16 

	OPPO
	Alt.1 
	Scheduling restriction for MU-MIMO is negligible

	CATT
	Alt.2 
	2 bit n_SCID to add support for fast-changing pairing for MU-MIMO 

	CMCC
	Alt.2
	To assist in estimation of the interference fof the paired UEs

	AT&T
	Alt.1
	Straightforward, simple, no DCI overhead

	Intel
	Alt.1
	gNB can configure compatible Rel-15 UE and Rel-16 for MU-MIMO scheduling. We believe the additional DCI signalling is overdesign of an already flexible system.

In response to HW’s comment:
· For co-scheduled Rel-15/Rel-16 UEs, a reasonable scheduler will choose the same n_SCID for both and therefore from the perspective of the Rel-15 UE, it can expect Rel-16 UEs in the same CDM group to have Rel-15 sequences
· For Rel-16 UEs in different CDM group, power based interference measurement is still possible.

In response to ZTE:
· First of all this is a corner case. Additionally, we see no issues if the rank 1 Rel-16 UE uses the same n_SCID in CDM group 2. Only issue is CDM group 3 which is a cost paid to reduce PAPR. Furthermore, if this case is relevant, semi-static configuration is available to configure the Rel-16 UEs.

	LG
	Alt.1
	No clear reason supporting dynamic switching for Rel-16 UE

	Panasonic
	Alt.1
	The benefits of having dynamic switching between Rel. 15 and Rel. 16 are very limited

	Nokia, Nokia Shanghai Bell
	Alt.1
	Dynamic switching between release 15 and release 16 has limited use case but additional complexity

	Ericsson
	Alt.1
	MU-MIMO for a user using two CDM groups is a corner case

	Qualcomm
	Alt.1
	Additional UE complexity to support DCI-switching or using the PDCCH capacity is not needed

	Samsung
	Alt.1
	Additional performance gain from support of dynamic change is marginal

	NEC
	Alt.1
	Simply with RRC configuration is enough.



Hence, most of companies don’t see the strong need for dynamic switching between Rel-15 and Rel-16 DMRS sequences. Moreover, the DMRS is in RRC controlled by the DMRS-DownlinkConfig and DMRS-UplinkConfig parameters and it is suggested to update these to allow for configuring the alternative Rel.16 behavior instead of the legacy Rel.15 behavior. 

The RRC parameters DMRS-DownlinkConfig and DMRS-UplinkConfig are extended to configure the alternative use of Rel. 16 sequence selection and behavior for the 2nd and 3rd CDM group for PDSCH and PUSCH respectively and for CP-OFDM only. DCI is not used to select between Rel.15 and Rel.16 behaviour. 

In addition, Intel [3] make this proposal:

Rel-16 DMRS sequence should be used only for the case PDSCH/PUSCH is scheduled by DCI with CRC scrambled by C-RNTI, CS-RNTI or MCS-RNTI. 

DMRS PAPR reduction for π/2 BPSK
Eleven companies provided CGS sequences, shared as a Matlab file on NR email reflector and updated by MediaTek on the email reflector. 

To provide some comparison of the sequence sets from different companies [2-12], we provide here in the following sections the cross-correlation (XC) and auto-correlation (AC) metrics (with limited shifts) used in the joint proposal [1] and thus provide the mean and max values of the auto-correlation and cross-correlation for cyclic shifts of 0,±1,±2 for length 12, for 0,±1,±2, ±3 for length 18 and for 0,±1,±2, ±3,±4, ±5 for length 24. In addition, the average mean and maximum max value across these shifts are given in the results table. 

Furthermore, the sequences from the joint proposal [1] from RAN1#95 is also included in the tables below. 

In [14], Intel has kindly provided additional analysis of the BLER for proposals [2-12] ([1] is absent) for the large delay spread of 1000 ns which can also provide insights.   
Used metrics
This section tries to summarize the used metrics by various companies in the sequence selection process. 

	Company
	Metrics

	JP [1]
	PAPR, AC-0,..,AC-5,XC-?,BLER

	Huawei, HiSilicon
	PAPR, XC-0…,XC-? BLER (AC implicit in BLER results)

	Ericsson
	PAPR, XC-0 … XC-5, AC-0…AC-5

	ZTE
	PAPR, XC-0, AC-0, BLER

	vivo
	PAPR, XC-0…XC-?, AC-0,…,AC-?, BLER, FFlat

	IITH,...
	PAPR, BLER, XC-0, AC-0

	MediaTek
	PAPR, XC-0...XC-5, AC-0,...AC-5

	Intel
	PAPR, BLER, XC-all, AC-all

	NEC
	PAPR, XC-5, AC-5

	Nokia
	PAPR, BLER, AC-0,..,AC-2, XC-0, FFlat

	Interdigital
	PAPR,CM,XC-all,AC-0,..AC-6

	Qualcomm
	PAPR, AC-0,..,AC-5,XC-?



One observation is that some companies, and in the JP [1], a finite set of lags are considered for XC and AC while other companies consider XC and AC for all lags. This observation can explain why obtained sequences differs largely among companies, simply because different approaches to the optimization have been used. In addition, it seems some companies use time domain channel estimation while others use frequency domain, which also impacts on the preference. 

Length 30 or larger
In [2], there is a proposal to use semi-statically configured DMRS sequences for length 30 or larger. Nokia propose to use CGS for up to length 48, hence for length longer than 45 the Gold sequence should be used (captured in Proposal 6 below). 

The main proposal is:

For length 30 or larger DMRS for /2 BPSK modulation for PUSCH/PUCCH, NR Rel-16 reuse Rel-15 Gold sequence generator and DMRS initialization method for CP-OFDM. In particular, Rel-16 Gold sequence generator for length 30 or larger DMRS for /2 BPSK modulation for PUSCH/PUCCH shall be initialized with

where   is used.

In [3] it is instead proposed to allow for dynamic point selection, the proposal is:

Adopt proposal 3 modified so that  is signalled in DCI 
 
Alternatively, [10] provides a different formula

For DMRS with length 6, 12, 18, 24, there is no sequence hopping supported. And for DMRS with length >=30, sequence generator is initialized with ，and there is no sequence and group hopping and where  if  is configured by the higher-layer parameter nPUSCH-Identity in the DMRS-UplinkConfig IE and the PUSCH is not a msg3 PUSCH, and  otherwise

In [11], there is a proposal to extend the CGS design up to length 48.

Support CGS for additional lengths up to 8 PRBs 

Please share your view on Proposals 3-6:

	Company
	Comments 

	Qualcomm
	Support proposal 3 

	Ericsson
	Support proposal 3

	NEC
	Support proposal 5, fine with proposal 3.

	Nokia
	Support proposal 6
Answer to ZTE: We don’t propose reverting the agreement. We are proposing “Gold sequences with selected C_inits”, though it is also kind of CGS. Any gold sequence is not always work as shown in our evaluation. Unless we consider not to implement it, further evaluation is necessary

	Ericsson
	Reject proposal 6

	Huawei, HiSilicon
	Fine with proposal-4

	ZTE
	 nPUSCH-Identity should be used in the formula. 
Since proposal 6 reverts the previous agreements, more evaluations and comparisons should be done in the next meeting.

	Intel
	Support proposal 4. Do not agree with Proposal 6 (similar view as ZTE here)



FL suggestion: There seem to be a majority view for Proposal 3, try agreeing on Proposal 3 with the modification from ZTE and NEC regarding seed. Try to agree on Proposal 7:

For length 30 or larger DMRS for /2 BPSK modulation for PUSCH/PUCCH, NR Rel-16 reuse Rel-15 Gold sequence generator and DMRS initialization method for CP-OFDM. In particular, Rel-16 Gold sequence generator for length 30 or larger DMRS for /2 BPSK modulation for PUSCH/PUCCH shall be initialized with

where  if  is configured by the higher-layer parameter nPUSCH-Identity in the DMRS-UplinkConfig IE and the PUSCH is not a msg3 PUSCH, and  otherwise




XC and AC for length 24 CGS

Table 1 Analysis of length 24 CGS sequences. Mean | Max correlation values are given
	Cyclic shift
	Auto-correlation
	Cross-correlation

	
	JP [1]
	[2]
	[3]
	[4]
	JP [1]
	[2]
	[3]
	[4]

	0
-1,1
-2,2
-3,3
-4,4
-5,5
-5 to 5
	-
0.01 | 0.17   0.04 | 0.33   0.02 | 0.17 0.02 | 0.33 0.02 | 0.17
0.02 | 0.33 
	-
0 | 0
0 | 0
0 | 0
0 | 0
0 | 0 
0 | 0
	-
0 | 0    
0.01 | 0.17         0 | 0
0.04 | 0.17      
0 | 0
0.01 | 0.17
	-
0 | 0
0 | 0
0 | 0
0.04 | 0.17    0 | 0
0.01 | 0.17
	0.17 | 0.67
0.16 | 0.67 0.16 | 0.67 0.15 | 0.67 0.15 | 0.83 0.15 | 0.67
0.16 | 0.83 
	0.31 | 0.75 0.21 | 0.67 0.16 | 0.67 0.14 | 0.58 0.16 | 0.58 0.13 | 0.58
0.17 | 0.75 
	0.15 | 0.67 0.15 | 0.67 0.15 | 0.67 0.15 | 0.67 0.17 | 0.67 0.15 | 0.67
0.15 | 0.67 
	0.16 | 0.92 0.16 | 0.67 0.15 | 0.67 0.15 | 0.67 0.15 | 0.67 0.16 | 0.67
0.15 | 0.92    

	
	[5]
	[6]
	[7]
	[8]
	[5]
	[6]
	[7]
	[8]

	0
-1,1
-2,2
-3,3
-4,4
-5,5
-5 to 5
	-
0 | 0
0 | 0
0 | 0
0 | 0
0 | 0
0 | 0
	-
0.14 | 0.33   0.16 | 0.33   0.13 | 0.50 0.15 | 0.67 0.16 | 0.50
0.15 | 0.67
	-
0.05 | 0.33   0.06 | 0.33   0.08 | 0.33 0.02 | 0.17 0.06 | 0.33
0.05 | 0.33
	-
0.01 | 0.17   0.06 | 0.17   0.02 | 0.17 0.06 | 0.17 0.02 | 0.17
0.03 | 0.17
	0.16 | 0.50 0.17 | 0.58 0.16 | 0.58 0.15 | 0.58 0.16 | 0.58 0.15 | 0.58
0.16 | 0.58
	0.14 | 0.50 0.17 | 0.75 0.16 | 0.58 0.17 | 0.67 0.16 | 1.00 0.17 | 0.75
0.16 | 1.00
	0.25 | 0.92 0.15 | 0.58 0.19 | 0.83 0.14 | 0.50 0.18 | 0.83 0.15 | 0.67
0.17 | 0.92
	0.21 | 0.67 0.13 | 0.50 0.17 | 0.67 0.14 | 0.58 0.16 | 0.67 0.16 | 0.67
0.16 | 0.67

	
	[9]
	[10]
	[11]
	[12]
	[9]
	[10]
	[11]
	[12]

	0
-1,1
-2,2
-3,3
-4,4
-5,5
-5 to 5
	-
0 | 0
0 | 0
0 | 0
0 | 0
0 | 0
0 | 0
	-
0.01 | 0.17   0.04 | 0.33   0.02 | 0.17 0.02 | 0.33 0.02 | 0.17
0.02 | 0.33
	
	-
0 | 0
0 | 0
0 | 0
0.09 | 0.17
0.12 | 0.17
0.04 | 0.17
	0.16 | 0.67 0.16 | 1.00 0.14 | 1.00 0.16 | 1.00 0.13 | 1.00 0.16 | 1.00
0.15 | 1.00
	0.17 | 0.67 0.16 | 0.67 0.16 | 0.67 0.15 | 0.67 0.15 | 0.83 0.15 | 0.67
0.16 | 0.83
	
	0.31 | 0.67 0.16 | 0.58 0.21 | 0.67 0.15 | 0.58 0.16 | 0.58 0.16 | 0.67
0.18 | 0.67



Observations:
· The designs [2,5,9] provides zero auto-correlation for shifts up to ±5 while design [12] provides zero auto-correlation up to shifts ±3
· Three designs [6,9] gives cross-correlation 1 for some shifts
· Designs [3,4] have the lowest average cross correlation and design [5] have the lowest max correlation across the shifts

Please share your view

	Company
	Comments 

	Ericsson
	Select design [3], for length 24 CGS

	Huawei, HiSilicon
	Some comments:
1. As we agreed before, the channel estimation is a key issue should be considered in comparison, only based on auto-correlation and cross-correlation is not proper. 
2. Auto- correlation is only one factor that influence channel estimation performance, and it should not be extracted and compared solely as other factors e.g., frequency flatness also contributes to the channel estimation performance. So, the final BLER should be taken as the metric to reflects all factors contributes to channel estimation. 
3. For the cross-correlation evaluation, [-5,5] should consider the oversampling factor. 


	ZTE
	The most important factor is of impact on channel estimation. BLER for each sequence should be compared. Cross-Correlation property is important, but not so much critical because we don’t see many UEs will use pi/2 modulated DMRS in adjacent cells, so shift -1, +1 is enough. We have provided our BLER results in our tdoc, there is no loss compared with Rel-15 sequence.

	Intel
	We agree that BLER is the most important metric for final sequence selection. 

In [14], we have shown that for code rate 0.5 and delay spread of 1000ns, there is significant performance degradation of many sequences. The results provide BLER for all submitted sequences and may be used to filter sequences with particularly bad BLER (non-robust design).

	
	

	
	

	
	



XC and AC for length 18 CGS

Table 2 Analysis of length 18 CGS sequences. Mean | Max correlation values are given
	Cyclic
shift
	Auto-correlation
	Cross-correlation

	
	JP [1]
	[2]
	[3]
	[4]
	JP [1]
	[2]
	[3]
	[4]

	0
-1,1
-2,2
-3,3
-3 to 3
	-
0.02 | 0.22 0.11 | 0.11 0.04 | 0.22
0.06 | 0.22
	-
0 | 0
0.11 | 0.11      0 | 0
0.04 | 0.11
	-
0 | 0
0.11 | 0.11
 0 | 0
0.04 | 0.11
	-
0.01 | 0.22 0.13 | 0.33 0.10 | 0.44
0.06 | 0.44
	0.19 | 0.67 0.18 | 0.67 0.19 | 0.67 0.19 | 0.89
0.19 | 0.89 
	0.37 | 0.78 0.22 | 0.78 0.20 | 0.78 0.18 | 0.78
0.23 | 0.78 
	0.17 | 0.56 0.18 | 0.89 0.18 | 0.78 0.18 | 0.78
0.18 | 0.89 
	0.19 | 0.78 0.20 | 0.78 0.19 | 0.78 0.18 | 0.78
0.19 | 0.78 

	
	[5]
	[6]
	[7]
	[8]
	[5]
	[6]
	[7]
	[8]

	0
-1,1
-2,2
-3,3
-3 to 3
	-
0 | 0
0.11 | 0.11      0 | 0
0.04 | 0.11
	-
0.16 | 0.67
0.17 | 0.33      0.13 | 0.44
0.16 | 0.67
	-
0.10 | 0.22
0.13 | 0.33      0.04 | 0.22
0.09 | 0.33
	-
0 | 0
0.11 | 0.11      0 | 0
0.04 | 0.11
	0.18 | 0.56 0.16 | 0.67 0.19 | 0.78 0.16 | 0.78
0.17 | 0.78
	0.17 | 0.44 0.19 | 0.78 0.19 | 1.00 0.19 | 0.78
0.19 | 1.00
	0.29 | 0.89 0.16 | 0.67 0.20 | 0.78 0.16 | 0.67
0.19 | 0.89
	0.23 | 0.67 0.17 | 0.67 0.21 | 0.67 0.16 | 0.67
0.19 | 0.67

	
	[9]
	[10]
	[11]
	[12]
	[9]
	[10]
	[11]
	[12]

	0
-1,1
-2,2
-3,3
-3 to 3
	-
0 | 0
0.11 | 0.11      0 | 0
0.04 | 0.11
	-
0.10 | 0.44
0.21 | 0.56      0.10 | 0.44
0.14 | 0.56
	
	-
0.02 | 0.22
0.11 | 0.11      0.04 | 0.22
0.06 | 0.22
	0.18 | 0.56 0.17 | 0.56 0.17 | 0.56 0.17 | 0.56
0.17 | 0.56
	0.18 | 0.56 0.20 | 0.78 0.20 | 0.78 0.19 | 0.89
0.19 | 0.89
	
	0.19 | 0.67 0.18 | 0.67 0.19 | 0.67 0.19 | 0.89
0.19 | 0.89



Observations:
· The designs [2,3,5,8,9] provides lowest auto-correlation 
· Three designs [6] gives cross-correlation 1 for some shifts
· Design [9] have the lowest average cross correlation and max correlation across the shifts

Please share your view

	Company
	Comments 

	Ericsson
	Select design [9], for length 18 CGS

	Huawei, HiSilicon
	Some comments:
1. As we agreed before, the channel estimation is a key issue should be considered in comparison, only based on auto-correlation and cross-correlation is not proper. 
2. Auto- correlation is only one factor that influence channel estimation performance, and it should not be extracted and compared solely as other factors e.g., frequency flatness also contributes to the channel estimation performance. So, the final BLER should be taken as the metric to reflects all factors contributes to channel estimation. 
3. For the cross-correlation evaluation, [-5,5] should consider the oversampling factor. 


	ZTE
	The most important factor is of impact on channel estimation. BLER for each sequence should be compared. Cross-Correlation property is important, but not so much critical because we don’t see many UEs will use pi/2 modulated DMRS in adjacent cells, so shift -1, +1 is enough. We have provided our BLER results in our tdoc, there is no loss compared with Rel-15 sequence. 

	
	

	
	

	
	

	
	



XC and AC for length 12 CGS
Table 3 Analysis of length 12 CGS sequences. Mean | Max correlation values are given.
	Cyclic shift
	Auto-correlation
	Cross-correlation

	
	JP [1]
	[2]
	[3]
	[4]
	JP [1]
	[2]
	[3]
	[4]

	0
-1,1
-2,2
-2 to 2
	-
0.07 | 0.33 0.10 | 0.33
0.08 | 0.33 
	-
0 | 0
0 | 0 
0 | 0
	-
0.04 | 0.33 0.04 | 0.33
0.04 | 0.33 
	-
0.04 | 0.33 0.13 | 0.33
0.09 | 0.33 
	0.21 | 0.83 0.22 | 0.83 0.23 | 0.83
0.22 | 0.83 
	0.40 | 0.83 0.22 | 0.83 0.20 | 0.67
0.25 | 0.83 
	0.21 | 0.67 0.22 | 0.83 0.24 | 0.83
0.23 | 0.83 
	0.31 | 0.83 0.19 | 0.83 0.23 | 0.83
0.23 | 0.83 

	
	[5]
	[6]
	[7]
	[8]
	[5]
	[6]
	[7]
	[8]

	0
-1,1
-2,2
-2 to 2
	-
0 | 0
0 | 0
0 | 0
	-
0.23 | 1.00 0.22 | 1.00
0.23 | 1.00
	-
0.16 | 0.33 0.03 | 0.33
0.09 | 0.33
	-
0.20 | 0.33 0.11 | 0.33
0.16 | 0.33
	0.21 | 0.67 0.21 | 0.67 0.20 | 0.67
0.21 | 0.67
	0.22 | 0.67 0.22 | 1.00 0.24 | 1.00
0.23 | 1.00
	0.31 | 1.00 0.21 | 0.83 0.24 | 1.00
0.24 | 1.00
	0.30 | 0.83 0.19 | 0.67 0.23 | 0.83
0.23 | 0.83

	
	[9]
	[10]
	[11]
	[12]
	[9]
	[10]
	[11]
	[12]

	0
-1,1
-2,2
-2 to 2
	-
0 | 0
0 | 0
0 | 0
	-
0.06 | 0.33 0.10 | 0.33
0.08 | 0.33
	-
0 | 0
0.10 | 0.33
0.05 | 0.33
	-
0 | 0
0.16 | 0.33
0.08 | 0.33
	0.19 | 1.00 0.20 | 1.00 0.19 | 1.00
0.20 | 1.00
	0.21 | 0.67 0.23 | 0.83 0.23 | 0.83
0.22 | 0.83
	0.22 | 0.83 0.22 | 0.83 0.22 | 0.83
0.22 | 0.83
	0.36 | 0.83 0.20 | 0.83 0.22 | 0.83
0.24 | 0.83



Observations:
· Three designs [2,5,9] provides zero auto-correlation 
· Three designs [6,7,9] gives cross-correlation 1 for some shifts, including shift 0 for [7,9] designs
· Design [5] have the lowest average cross correlation and max correlation across the shifts

Please share your view

	Company
	Comments 

	Ericsson
	Select design [5] for length 12 CGS

	Huawei, HiSilicon
	Some comments:
1. As we agreed before, the channel estimation is a key issue should be considered in comparison, only based on auto-correlation and cross-correlation is not proper. 
2. Auto- correlation is only one factor that influence channel estimation performance, and it should not be extracted and compared solely as other factors e.g., frequency flatness also contributes to the channel estimation performance. So, the final BLER should be taken as the metric to reflects all factors contributes to channel estimation. 
3. For the cross-correlation evaluation, [-5,5] should consider the oversampling factor. 


	ZTE
	The most important factor is of impact on channel estimation. BLER for each sequence should be compared. Cross-Correlation property is important, but not so much critical because we don’t see many UEs will use pi/2 modulated DMRS in adjacent cells, so shift -1, +1 is enough. We have provided our BLER results in our tdoc, there is no loss compared with Rel-15 sequence. 

	
	

	
	

	
	

	
	




XC and AC for length 6 CGS
	Cyclic
shift
	Auto-correlation
	Cross-correlation

	
	[2] 8-psk
	[3] 8-psk
	[3] 16-psk
	[4] 8-psk
	[2] 8-psk
	[3] 8-psk
	[3] 16-psk
	[4] 8-psk

	0
-1,1
-2,2
-2 to 2
	-
0.25 | 0.33
0.34 | 1.00      0.30 | 1.00
	-
0.25 | 0.24
0.34 | 0.47
0.32 | 0.47
	-
0.02 | 0.05
0.40 | 0.60
0.21 | 0.60
	-
0.19 | 0.24 0.36 | 0.53 0.28 | 0.53
	0.44 | 0.92 0.38 | 0.92 0.38 | 0.92 0.40 | 0.92
	0.46 | 0.85 0.47 | 1.00 0.44 | 1.00 0.46 | 1.00 
	0.32 | 0.91 0.34 | 1.00 0.34 | 1.00 0.34 | 1.00 
	0.44 | 0.93 0.33 | 0.93 0.36 | 0.93 0.37 | 0.93 

	
	[4] 16-psk
	[6] bpsk
	[10] bpsk
	[10] 8-psk
	[4] 16-psk
	[6] bpsk
	[10] bpsk
	[10] 8-psk

	0
-1,1
-2,2
-2 to 2
	-
0.12 | 0.22
0.34 | 0.58
0.23 | 0.58
	-
0.27 | 0.67
0.33 | 0.33
0.30 | 0.67
	-
0.27 | 0.67
0.33 | 0.33
0.30 | 0.67
	-
0.27 | 0.67
0.24 | 0.49
0.25 | 0.67
	0.36 | 0.93 0.37 | 0.93 0.35 | 0.93 0.36 | 0.93
	0.29 | 0.67 0.31 | 1.00 0.31 | 1.00 0.31 | 1.00
	0.29 | 0.67 0.31 | 1.00 0.31 | 1.00 0.31 | 1.00
	0.35 | 0.92
0.36 | 1.00
0.36 | 1.00
0.36 | 1.00

	
	[12] 8-psk
	[13] 8-psk
	
	
	[12] 8-psk
	[13] 8-psk
	
	

	0
-1,1
-2,2
-2 to 2
	-
0.20 | 0.24
0.30 | 0.47
0.25 | 0.47
	-
0.18 | 0.24
0.16 | 0.24
0.17 | 0.24
	
	
	0.44 | 0.92
0.37 | 0.92
0.35 | 0.86
0.37 | 0.92 
	0.40 | 0.96
0.36 | 0.96
0.37 | 0.93
0.37 | 0.96
	
	




Observations:
· The design in [13] have lowest average auto-correlation for up to shifts ±2 
· The design in [4] have lowest average cross-correlation for up to shifts ±2 is designs with cross-correlation 1 are excluded 
· Three designs [3,6,10] give cross-correlation 1 for some shifts 

Please share your view

	Company
	Comments 

	Ericsson
	Support [13]. Only [13] provides PAPR < 2.3 for both port 0 and port 2 (see Table 5) and avoids XC=1 for non-zero shifts, so our view is that a design with one set of 30 sequences that gives acceptable PAPR for both port 0 and port 2 should be considered. Alternatively, do not enhance length 6 CGS as is shown in R1-1901117, if FDSS is removed, then BLER is enhanced corresponding to a improvement of 4 dB and thus PAPR reduction is not needed.  

	Huawei, HiSilicon
	Some comments:
1. As we agreed before, the channel estimation is a key issue should be considered in comparison, only based on auto-correlation and cross-correlation is not proper. 
2. Auto- correlation is only one factor that influence channel estimation performance, and it should not be extracted and compared solely as other factors e.g., frequency flatness also contributes to the channel estimation performance. So, the final BLER should be taken as the metric to reflects all factors contributes to channel estimation. 
3. For the cross-correlation evaluation, [-5,5] should consider the oversampling factor. 
4. [13] is with very high cross-correlations: 0.96

	ZTE
	Enhancement on length 6 had been agreed in the last meeting. More discussion is needed in this meeting. 

	Intel
	We believe, given the diversity of proposals, there can be further discussion for length 6 CGS design.

For example 8-PSK or 16-PSK can be used. Furthermore, the outcome of port multiplexing discussion, can further impact the design choices.

	Nokia, NSB
	We don’t see any benefit from the length-6 new sequences. Either to use best pi/2 BPSK DMRS or not to define new length-6 sequence and reuse R-15 sequence.

	
	

	
	




CGS for Two-symbol DMRS
In [3] an alternative design for two-symbol DMRS is provided by the use of complementary sequences. The claimed major advantage of this design is that for even when individual CGS for the two symbols respectively do not have perfect autocorrelation or frequency flatness, the use of complementary sequences is claimed to ensure that the combined autocorrelation is perfect or almost perfect.

The proposal is


The Complementary CGS Sequences proposed in Tables 6-10 of [3] can be used as DMRS sequences with NR Type 1 DMRS mapping for the case of modulated DFT-S-OFDM based PUSCH for 1-4 PRB resource allocation with two symbol DMRS configuration. The single symbol DMRS CGS are used in the first symbol and the corresponding complementary sequence is used in the adjacent symbol. 

Please share your view

	Company
	Comments 

	Intel
	Support proposal 8

We are fine to discuss this together with previous section. However, we believe that this technique can significantly improve performance especially if sequence sets for single symbol DMRS are chosen such that subsets of sequences have non-uniform design principles.

	ZTE
	It is related with section 4. They should be discussed together.

	Nokia, NSB
	This may be solved by applying group/sequence hopping pattern.  

	
	

	
	

	
	

	
	



PAPR for length 6,12,18 and 24
Here follows the PAPR for port 0 and port 2 for the various CGS proposals.

Table 4 Mean | Max PAPR for length 12,18 and 24 CGS
	Length
	Port 0  
	Port 2 

	
	JP [1]
	[2]
	[3]
	[4]
	JP [1]
	[2]
	[3]
	[4]

	12
18
24
	1.10 | 1.51
1.09 | 1.34
1.07 | 1.59         
	1.10 | 1.38
1.24 | 1.56
1.28 | 1.49         
	1.13 | 1.71
1.19 | 1.39
1.24 | 1.59         
	1.13 | 1.51
1.10 | 1.24
1.24 | 1.59         
	1.03 | 1.30
1.13 | 1.42
1.14 | 1.53         
	1.02 | 1.21
1.05 | 1.31
1.14 | 1.51         
	0.98 | 1.21
1.03 | 1.26
1.21 | 1.66         
	0.99 | 1.30
1.09 | 1.42
1.20 | 1.56         

	
	[5]
	[6]
	[7]
	[8]
	[5]
	[6]
	[7]
	[8]

	12
18
24
	1.14 | 1.38
1.18 | 1.39
1.29 | 1.66         
	0.83 | 1.20
0.77 | 0.80
0.81 | 0.82         
	0.94 | 1.03
0.89 | 0.94
1.19 | 1.26         
	1.30 | 1.96
1.23 | 1.64
1.19 | 1.53         
	0.97 | 1.12
1.07 | 1.39
1.18 | 1.46         
	0.98 | 1.29
0.95 | 1.24
1.00 | 1.30         
	0.95 | 1.29
1.02 | 1.36
1.29 | 1.52         
	1.06 | 1.30
1.13 | 1.63
1.22 | 1.56         

	
	[9]
	[10]
	[11]
	[12]
	[9]
	[10]
	[11]
	[12]

	12
18
24
	1.30 | 1.72
1.17 | 1.39
1.47 | 1.65         
	1.02 | 1.46
1.00 | 1.34
1.07 | 1.59         
	1.09 | 1.51      
	1.11 | 1.49
1.09 | 1.34
1.26 | 1.58
 
	1.00 | 1.21
1.09 | 1.35
1.21 | 1.46        
	0.98 | 1.29
1.06 | 1.41
1.14 | 1.53
	1.00 | 1.30
	1.07 | 1.38
1.13 | 1.42
1.29 | 1.71


[9]: Scheme-3 for length-12, Scheme-1 for length-18 and length-24

Table 5. Mean | Max PAPR for length-6.
	Port 0
	Port 2

	[2]
	[3] 8-psk
	[3] 16-psk
	[4]* 8-psk
	[2]
	[3]
	[3]
	[4]*

	1.67 | 2.06
	2.10 | 2.16
	1.95 | 2.22
	1.88 | 2.11
	1.37 | 2.01
	2.38 | 2.98
	2.13 | 3.32
	1.92 | 2.1

	[4] 16-psk
	[6]
	[10] bpsk
	[10] 8-psk
	[4] 16-psk
	[6]
	[10] bpsk
	[10] 8-psk

	1.75 | 1.90
	1.20 | 1.53
	1.20 | 1.53
	1.71 | 2.19
	1.84 | 1.91
	0.62 | 0.77
	0.62 | 0.77
	2.42 | 4.06

	[12]
	[13]
	
	
	[12]
	[13]
	
	

	1.94 | 2.08
	2.02 | 2.27
	
	
	2.50 | 3.67
	1.79 | 2.24
	
	



*To handle low PAPR on both port 0 and 2, [4] proposes different sequences for different Combs for length-6 sequences based on either 8-PSK or 16-PSK. If this is not the case (if same sequence for both ports is considered, then PAPR is much worse than what is captured in the table above)

Observations:
· Most proposed designs for length 6,12,18 and 24 have lower or similar DMRS PAPR compared to PAPR for PUSCH or PUCCH

Consolidated proposal for CGS of Length 12,18 and 24
[bookmark: _GoBack]Bases on offline efforts, there is a consolidated proposal [15] with support from a significant number of companies as follows. For performance, refer to [15].

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/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: Length-12 CGS for pi/2 BPSK
[image: ][image: ]
[image: ][image: ] Table C2: Length-18 CGS for pi/2 BPSK



















Table C3: Length-24 CGS for pi/2 BPSK
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DMRS multiplexing capacity for Rel.16 π/2 BPSK for PUSCH
In [2], it is observed that for time-domain pi/2 BPSK based DMRS sequence for PUSCH, time-domain cyclic shift does not result in orthogonal sequences for DMRS ports in the same comb. Hence, the number of orthogonal DMRS for pi/2 BPSK modulation is only two. It is suggested to specify intra-symbol time-domain OCC [+1, +1] and [+1, -1] between the different portions of the pi/2 BPSK modulated sequence mapped to a comb. 

In [6] and [10], a similar proposal is suggested, utilizing TD-OCC to reach more than 2 ports per DMRS OFDM symbol. Furthermore [9] schemes for port multiplexing for PUSCH and PUCCH in one symbol is provided. In [12] another method on how to achieve higher multiplexing capacity using user specific frequency shifts is proposed. 
 
However, the analysis in [3] raise concerns of PAPR for length-6 sequence for TD-OCC and the introduction of time domain OCC degrades the frequency flatness for length-12/18/24 DMRS sequence. It is argued in [3] as pi/2 BPSK with DFT-S-OFDM waveform primarily targets for improving the coverage for cell edge UE, and MU paring to increase the capacity is not the typical scenario for this type of waveform. 

Hence, as a first step, the question to answer is whether to extend the PUSCH DRMS design to the same DMRS multiplexing capacity as Rel-15 sequences. 
Please share your view on these proposals.

· Alt.1 For PUSCH with pi/2 BPSK modulation, NR Rel-16 only supports two orthogonal DMRS ports
· Alt.2 For PUSCH with pi/2 BPSK modulation, NR Rel-16 supports four and eight orthogonal DMRS ports 

	Company
	Comments 

	Huawei, HiSilicon, Ericsson, Nokia, NSB
	Support Alt.1

	Qualcomm, ZTE, MediaTek, NEC, Interdigitial, Intel
	Support Alt.2 

ZTE: Similar with Rel-15, TD-OCC between two OFDM symbols should be supported since it does not impact anything including frequency flatness, PAPR. 
As for TD-OCC within one symbol, we admit it may impact frequency flatness, but it does not impact all sequences. gNB can still choose some good sequences to use TD-OCC. Even if we don’t use it, DCI size should be kept as the same as Rel-15. 

	
	

	
	

	
	

	
	

	
	



DMRS multiplexing capacity for Rel.16 π/2 BPSK for PUCCH
In [2], it is observed that for PUCCH format 4 using time-domain pi/2 BPSK based DMRS sequence, cyclic shift based method does not work. Instead the following is proposed in [2] and [6] respectively and also in [9] a design is given.

· For PUCCH format 4, support four orthogonal DMRS sequences on the same DMRS symbol via pre.DFT intra-symbol TD-OCC as shown in Equations (4) and (5) of [2]. 
· 

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.

As a first step, the question to answer is whether to extend the PUCCH format 4 DMRS design to the same DMRS multiplexing capacity as Rel-15 sequences. 
Please share your view on these proposals.

· Alt.1 For PUCCH format 4 with pi/2 BPSK modulation, NR Rel-16 only supports only one orthogonal DMRS port in one OFDM symbol
· Alt.2 For PUCCH format 4 with pi/2 BPSK modulation, NR Rel-16 supports two and four orthogonal DMRS ports in one OFDM symbol 

Please share your view on these alternatives

	Company
	Comments 

	Qualcomm, ZTE, MediaTek, NEC, Interdigitial, Ericsson
	Support alt 2 

	Huawei, HiSilicon
	Not support Alt-2. The use case here is for pi/2 BPSK, which is for the low SINR cases, not typical scenarios for MU-MIMO. With different combs through half-length sequence repetition, can already support up to 2 orthogonal DMRS ports. As discussed in our contribution, if with time domain OCC, there is actually non-orthogonal for the ports in the same comb, which will introduce interference within each other.

	Nokia, NSB
	Support Alt.1.

	
	

	
	

	
	

	
	




Power imbalance issue
On power imbalance issue, the situation is as follows:

	Company
	Comments on power imbalance

	Huawei, HiSilicon
	It is out of WID scope. From technique, power imbalance issue was already discussed in Rel-15, which is not a critical issue and there are some implementation solutions.

	ZTE
	Solved by implementation for gNB and UE. Layer specific phase rotation can be simultaneously used for both DMRS and data. 

	vivo
	Specify DMRS enhancement to solve power imbalance issue in Rel-16. For PUSCH double symbol DMRS: add a phase rotation diagonal matrix to TPMI precoder for partial codebooks

	MediaTek
	RAN1 notifies RAN4 for the power imbalance issue. Further discussion based on RAN4’s feedback.

	Intel
	Peak power should be randomized over OFDM symbols as well as resource elements. OCC mapping patterns should be adopted in specifications

	LG
	OCC mapping patterns should be adopted in specifications

	Samsung
	Consider UL codebook change to solve power imbalance issue



Please share your view

	Company
	Comments 

	ZTE
	OCC swapping has already been precluded in the previous agreements. It will causes four times, i.e. 6dB power boosting compared with Rel-15 DMRS. Considering 3dB power boosting of DMRS compared with data, 9 dB higher than data will be caused. It is beyond the RAN4 test threshold.
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