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1 Length 6 CGS design
These preferences have been submitted based on the analysis in the listed contributions, see the definitions of the alternatives in the Appendix. The definitions of Alt.4a and 4b can be found in R1-1905067. The description of Alt.5 can be found in R1-1903896.  
	Affiliation
	Tdoc
	Alt.1
	Alt.2
	Alt.3a*
	Alt.3b*
	Alt. 4a
	Alt. 4b
	Alt.5

	Qualcomm
	R1-1905029
	×
	×
	
	
	
	
	

	Ericsson
	R1-1904751
	(×)
	×
	
	
	
	
	

	Intel
	R1-1904316
	
	×
	
	
	
	
	

	LG Electronics
	R1-1904211
	
	×
	
	
	
	
	

	Huawei/HiSi
	R1-1903973
	
	
	×
	×
	
	
	

	ZTE
	R1-1904016                                                                          
	(×)
	×
	
	
	
	
	

	vivo
	R1-1904099
	
	×
	
	
	
	
	

	MediaTek
	R1-1904478
	
	
	
	
	×
	×
	

	InterDigital
	R1-1904881
	
	×
	
	
	
	
	

	Nokia/NSB
	R1-1905067
	
	×
	
	×
	
	
	

	IITH et.al.
	R1-1903896
	
	
	
	
	
	
	×

	Intel et.al.
	R1-1905605
	
	×
	
	
	
	
	


* Labelled as Alt-1b and Alt-2b respectively in R1-1903973
Based on offline discussions, the sequences in Table 1 has been proposed for Alt.2 during the pre-meeting week (R1-1905605). 
Based on majority view, the first proposal is to adopt Alt.2:

Proposal 1 Rel-15 NR DM-RS Type 1 mapping is used for PUSCH transmission of π/2-BPSK modulated DM-RS sequences in Rel-16 for all sequence lengths (including CGS and PRBS based DM-RS).
Observation: Adopt Proposal 1 (9), Reject Proposal 1 (1+). Further check (1) (Adopt Proposal 1
For sequences, the following proposal is a possible way forward
Proposal 1B For length-6 CGS, specify the sequences given by Table 1. FFS whether comb#2 use alternative sequence. 
Observation: Adopt Proposal 1B (10) 
 Please provide your views on this proposal or suggest an alternative proposal 
	Affiliation
	View

	Intel Corporation, ZTE, Sanechips, Ericsson, Qualcomm, MediaTek, InterDigital, Vivo, LGE
	Adopt Proposal 1 and 1B

	IITH et. al.
	Sequences are fine (Proposal 1B). Do not agree to the Rel-15 based mapping part (Proposal 1). The Rel-15 mapping degrades the PAPR and/or BLER on port-2. Firstly, the number of ports has already been reduced from 4 to 2 in Rel-16. Further, using such a design port-2 will almost be useless. BLER on comb-2/port-2 must be produced for further discussion.

	Huawei, HiSilicon
	Generally fine to support Proposal 1B, but one comment is that the last sequence [1 5 3 -7 5 -3] may be replaced with [1 -5 5 -7 -5 3] for better performance on PAPR and AC.
Another comment is similar as IITH, due to the factor that comb-1 and comb-2 are with different structure, the same sequence for both combs may introduce performance loss. We have already compared companies’ solutions, where separate design for the two combs are more beneficial shown in R1-1903973. So, whether the same sequences used for comb-2 need to be further check. 


Table 1 Length 6 CGS
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	0
	    -1    -7    -3    -5    -1     3

	1
	    -1     3     7    -3     7     3

	2
	    -1     3     1     5    -1    -5

	3
	    -7    -3    -7     5    -7    -3

	4
	     7     5    -1    -7    -3     1

	5
	     3    -3     1     5    -1    -1

	6
	    -7    -3    -7    -3     7    -5

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

	8
	    -7    -3     3    -3    -7    -3

	9
	    -7    -7    -1     1    -5     1

	10
	    -7    -3    -7     5    -1     5

	11
	    -7    -7    -3     1     5    -1

	12
	     5     7    -3    -5     5    -5

	13
	    -3     7    -5    -1    -5    -1

	14
	     5    -7     7     1     5     1

	15
	    -7     3     1     5    -1     3

	16
	    -7    -5    -1    -7    -5     5

	17
	    -7     1    -3     3     7     5

	18
	    -7    -7     3     5     1     5

	19
	    -7    -3     3    -1     3    -5

	20
	    -7    -5     5     3    -7    -1

	21
	     1     5     1     5     3     7

	22
	     1    -3     1    -5    -1     3

	23
	     1     7     1    -5    -7    -1

	24
	     1    -1     3    -1    -7    -3

	25
	     1    -1    -5    -1     3    -3

	26
	     1    -1     3    -1     3     7

	27
	    -5     3     7     5     3     7

	28
	    -7     1    -3     1     5     1

	29
	     1     5     3    -7     5    -3


2 Configuration of Rel.16 sequences scheduled by CSS
Huawei/HiSilicon observe that the previous agreement is not clear about the applicability for new sequences when scheduled from PDCCH in Common Search space.  
Proposal 2 Do not support Rel-16 DMRS when scheduled by DCI format 0_0 with CSS.
Proposal 3 Support Rel-16 DMRS when scheduled by DCI format 0_0 with CSS except when CSS is associated with CORESET 0.
Please provide your views on this proposal:
	Affiliation
	View
	Comment

	Huawei/HiSilicon, ZTE
	Support Proposal 2
	

	Ericsson
	Support Proposal 2
	In our view, this is the default if no agreement can be made

	Samsung
	Support Proposal 3
	

	Nokia/NSB
	Support Proposal 2
	

	vivo
	Support Proposal 2
	

	QC
	Support proposal 3
	

	LGE
	Support proposal 2
	


Offline agreement: Proposal 2
3 Issues related to two adjacent DMRS symbols
An open issue is to handle Rel-16 DMRS sequences in case of double adjacent DMRS symbols.
Intel and Ericsson have the following proposal:
Proposal 4 For initialization of Rel-16 [image: image3.png]


/2-BPSK modulated DM-RS using time domain Gold sequences, the OFDM symbol number l in the cinit formula for two-adjacent symbol DM-RS (maxLength=2) should correspond to the OFDM symbol number of the first DM-RS symbol of the pair of adjacent symbols
Please provide your input to this proposal
	Affiliation
	View on Proposal 4

	Intel
	Support

	Ericsson
	Support 

	ZTE
	Support. The sequences for two adjacent symbols should be the same because of TD-OCC. As FDSS filter is up to UE implementation, the same sequence values cannot be guaranteed for different UEs. If different sequences are used for two adjacent symbols, e.g. for UE0 with port 0, sequence value a, b on two adjacent REs, but for UE1 with port 2, sequence value would be c, -d on two adjacent REs. (a,b) and (c,-d) will not be orthogonal. 

	Vivo
	Support

	Huawei, HiSilicon
	Some further discussion is needed. In Rel-15, the generation of gold sequences are with different symbol index for C_init for the two symbol DMRS generation. Why need to change as the same symbol index?


Offline agreement: Proposal 4
Furthermore, as an FFS point from previous meeting, there are proposals on whether and how to support deterministic sequence hopping between the two adjacent DMRS symbols. The proposal is given in Table 2 below. The hopping applies between additional DMRS (i.e. no hopping across two adjacent DMRS) for length 12,18 and 24 and when additional DMRS is configured (dmrs-AdditionalPosition = 1,2 or 3) 
Proposal 5 For [image: image5.png]


/2-BPSK modulated CGS sequences of length 12,18 and 24, use the deterministic sequence hopping patterns shown in Table 2 for every pair of non-adjacent single symbol additional DM-RS symbols in the slot. 
· The CGS index, u, of the first DMRS symbol is chosen randomly based on sequence group hopping [image: image7.png]u= (f,, +nfs)mod 30




· Odd numbered DM-RS symbols use the CGS index, u, of the first symbol of the slot (in case of 0 or 2 additional DMRS symbols). 
· In case of double symbol DMRS (adjacent DMRS) the same principle and Table 1 is used and where the same CGS index is used for adjacent DMRS symbols
Examples assuming length 12 CGS, to clarify the intent of proposal 5:
· dmrs-AdditionalPosition = 1, single-symbol DMRS
· 0 and 16 used for each of the two DMRS respectively

· dmrs-AdditionalPosition = 2, single-symbol DMRS
· 0,16,0 used for each of the three DMRS respectively

· dmrs-AdditionalPosition = 3, single-symbol DMRS
· 0,16,0,16 used for each of the four DMRS respectively

· dmrs-AdditionalPosition = 0, double-symbol DMRS (maxLength=2)
· 0,0 used for each of the two adjacent DMRS symbols respectively

· dmrs-AdditionalPosition = 1, double-symbol DMRS (maxLength=2)
· 0,0,16,16 used for each of the four DMRS symbols respectively

Table 2 Deterministic frequency hopping sequences for length 12,18 and 24 CGS

	CGS index for the first DMRS symbol in the pair

	CGS index for the second DM-RS symbol in the pair for length 12 CGS
	CGS index for the second DM-RS symbol in the pair for length 18 CGS
	CGS index for the second DM-RS symbol in the pair for length 24 CGS

	0
	16
	23
	18

	1
	1
	17
	19

	2
	7
	6
	5

	3
	15
	0
	23

	4
	4
	19
	21

	5
	29
	7
	2

	6
	24
	8
	27

	7
	26
	11
	22

	8
	27
	2
	14

	9
	22
	4
	26

	10
	6
	22
	3

	11
	25
	21
	15

	12
	8
	18
	24

	13
	28
	29
	25

	14
	11
	10
	4

	15
	0
	5
	7

	16
	19
	1
	10

	17
	21
	20
	11

	18
	23
	12
	0

	19
	12
	25
	1

	20
	14
	24
	28

	21
	17
	15
	8

	22
	10
	28
	29

	23
	2
	9
	16

	24
	3
	27
	12

	25
	20
	14
	13

	26
	9
	13
	9

	27
	18
	16
	6

	28
	13
	26
	20

	29
	5
	3
	17


Observation: Adopt Proposal 5 (5), Do not support deterministic FH (6). (No consensus, deterministic FH is not supported.
Please provide your views on these two proposals:
	Affiliation
	View
	Comment

	Intel, ZTE, Sanechips, Qualcomm, Ericsson
	Support Proposal 5
	

	Huawei/HiSilicon
	Do not support deterministic frequency hopping
	Deterministic sequence hopping pattern for 2-symbol DMRS is not necessary.

	Samsung
	Do not support deterministic frequency hopping
	Same PAPR of DMRS symbols with that of data symbols, was already achieved. Further optimization is not preferred in Rel-16.

	Nokia/NSB
	Share view with Huawei, Samsung 
	The comparable PAPR to data is already achieved. This proposal is over-optimization with complexity.

	Vivo
	Do not support deterministic frequency hopping
	Deterministic frequency hopping for 2-symbol DMRS is an optimization, which is not related with reducing PAPR.

	LGE
	Do not support deterministic frequency hopping
	It seems an unnecessary optimization since the similar PAPR of DMRS and data is already accomplished.

	Intel
	
	The main idea here is to improve the autocorrelation of the individual sequences by using pairs which have lower joint autocorrelation. 

The choosing of CGS index can be further discussed. The examples above assume a per-slot group hopping wherein the CGS index of the first DMRS symbol is randomly chosen. A per-symbol- pair sequence hopping can also be used, where the CGS index of the first DMRS in a pair is chosen based on random group hopping. In this case, from above example, when dmrs-AdditionalPosition = 3, single-symbol DMRS
0,16, 2,7 can be used for each of the four DMRS respectively

	IITH et.al.
	Do not support
	Support views of Huawei, Samsung, Nokia and others


4 Reordering of CGS
Huawei/HiSilicon observe that sequences with high cross-correlation should be allocated into the same group to minimize the cross-correlation of sequences with different lengths from different groups. Hence, it is proposed:
Proposal 6 Support the re-ordering shown in the Appendix A of R1-1903973 for length-12, length-18 and length-24 CGS for DFT-s-OFDM.
Observation: Adopt Proposal 6 (1), Do not support re-ordering (6). Study further (2). (No consensus to support re-ordering of sequences. 
Please provide your views on this proposal:
	Affiliation
	View
	Comment

	Huawei/HiSilicon
	Support Proposal 6
	The problem actually is also discussed in Rel-15, and the reordering was introduced there. If without re-ordering, how to handle the interference from different cells with different length. Without cell cooperation, the collision of sequences with different length is a general case.

	ZTE
	Do not support re-ordering of sequences
	The benefit is not justified. Also considering limited time budget and much standard effort.

	Ericsson, Samsung
	Do not support re-ordering of sequences in Rel.16
	

	Nokia/NSB
	Do not support re-ordering of sequences. 
	We don’t see strong reason because we only supports FDM multiplexing. 

	Vivo, Intel
	Further study CGS re-ordering
	Since length 6 CGS has not determined yet, re-ordering different length of CGSs by cross correlation property to reduce inter-cell interference can be further studied.

	IITH et. al.
	Do not support re-ordering
	No strong reasons seen. More serious issues to be solved before such small enhancements are addressed.


5 Configuration of Rel-16 new DMRS for DL SPS 
Qualcomm observe that it is not clear whether handling of new sequences for DL SPS is captured from previous agreements of “configured grant”. It is proposed to clarify this as
Proposal 7 For PDSCH, if Rel.16 DMRS is configured by RRC, it applies for SPS PDSCH.
Observation: Adopt Proposal 7 (2), Reject Proposal 3 (2). Discuss more (1). (No consensus for Proposal 7

Offline discussion: Proposal 7 is already covered by existing agreement (no specification impact). Note: For DCI format 1_0, SPS use port 0 and Rel-15 sequence applies
Please provide your views on this proposal:
	Affiliation
	View
	Comment

	Qualcomm, Ericsson 
	Support Proposal 7
	

	ZTE
	Do not support. 
 
	In Rel-15, SPS PDSCH must be activated by a DCI which can be DCI format 1_0, and 1_1. In the following agreement, it has been clarified that Rel-16 DMRS is only used DCI format 1_1 rather than format 1_0. But the proposal is to support Rel-16 DMRS for DCI format 1_0.
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.

	Nokia/NSB
	Need clarification
	It looks obvious without agreement, because PDSCH parameters for SPS is inherited by PDSCH-Config.
Could you clarify why it is explicitly to be agreed?

To ZTE: DCI 1_0 case, only the first comb is used, and R15/R16 sequences are identical.

	vivo
	Do not support
	For SPS-PDSCH activated by DCI format 1_0, as only single port PDSCH is supported, there is no need to use Rel-16 DMRS.
For SPS-PDSCH activated by DCI format 1_1, it has been covered by previous agreement. 


6 Remaining issues for PUCCH sequence selection
Qualcomm made a series of observations related to PUCCH format 3 and 4. Firstly, it is proposed to not to split the sequence for long and short sequences, hence
Proposal 8 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.
Please provide your views on this proposal:
	Affiliation
	View
	Comment

	Qualcomm, Ericsson 
	Support Proposal 8
	

	ZTE
	Ok
	

	Nokia/NSB
	Support Proposal 8
	

	vivo
	Support Proposal 8
	

	LGE
	Support Proposal 8
	

	Huawei, HiSilicon
	Support
	


Offline agreement: Adopt Proposal 8
For PUCCH Format 3, it is suggested to initialize the sequence for long sequences as for Format 2 in Rel.15
Proposal 9 Rel-16 DMRS sequence for pi/2 BPSK PUCCH Format 3 for length >30 is determined according to the following: the Gold sequence shall be initialized in the same way as for the DMRS for PUCCH format 2 in NR Rel-15, i.e., 
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Offline agreement: Adopt Proposal 9 with Ericsson’s amendment:
Rel-16 DMRS sequence for pi/2 BPSK PUCCH Format 3 for length >30 is determined according to the following: the Gold sequence shall be initialized in the same way as for the DMRS for PUCCH format 2 in NR Rel-15, i.e., 
[image: image9.png]= (2%7(N2t n +1+1)(2N], + 1) + 2N], ) mod 23



 If a UE is configured with both dmrs-UplinkForPUSCH-MappingTypeA and dmrs-UplinkForPUSCH-MappingTypeB, scramblingID0 is obtained from dmrs-UplinkForPUSCH-MappingTypeB.
Please provide your views on this proposal:
	Affiliation
	View

	Qualcomm
	Support Proposal 9

	Ericsson
	Support Proposal 9 but with addition of the same clarification as for Rel.15 “If a UE is configured with both dmrs-UplinkForPUSCH-MappingTypeA and dmrs-UplinkForPUSCH-MappingTypeB, scramblingID0 is obtained from dmrs-UplinkForPUSCH-MappingTypeB.”

	ZTE
	Ok with Ericsson’s suggestion.

	Nokia/NSB
	Support Proposal 9, and OK with Ericsson proposal. 

	vivo
	Support Proposal 9, and OK with Ericsson’s proposal.

	LGE
	Support Proposal 9, and OK with Ericsson proposal.


For short sequences with PUCCH Format 3, it is suggested to initialize the sequence as for Format 3 in Rel.15 with PUCCH group hopping enabled:
Rel-16 DMRS sequence for pi/2 BPSK PUCCH Format 3 for length ≤ 30 is determined according to the following: the CGS index u shall be determined the same way as for the DMRS for PUCCH Format 3 in NR Rel-15, i.e., 
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Offline understanding: Adopt Proposal 10 in principle, but with Nokia’s generalization. Discuss whether also applies to Format 4 (depends on outcome of Proposal 11)
Proposal 10 according to Nokia: The group and sequence hopping procedures in section 6.3.2.2.1 of TS38.211 are applied to Rel-16 DMRS sequence for pi/2 BPSK PUCCH Format 3 for length ≤ 30.
Please provide your views on this proposal:
	Affiliation
	View

	Qualcomm
	Support Proposal 10

	Ericsson
	Support Proposal 10 although the proposal only shows pucch-GroupHopping = ‘enable’ case. Shouldn’t the value of these parameters depend on the RRC parameter pucch-GroupHopping (i.e. also disable and neither” applies?

	ZTE
	Same view with Ericsson. We can just say 
the CGS index u shall be determined the same way as for the DMRS for PUCCH Format 3 in NR Rel-15, i.e. section 6.3.2.2.1 in 38.211.

	Nokia/NSB
	Similar to ZTE comment.
The group and sequence hopping procedures in section 6.3.2.2.1 of TS38.211 are applied to Rel-16 DMRS sequence for pi/2 BPSK PUCCH Format 3 for length ≤ 30.

	vivo
	Support Proposal 10, which also applies to PUCCH format4.


Finally, for PUCCH Format 4, cyclic shifts are used to obtain two or four ports in Rel.15. For Rel-16, Qualcomm suggest to introduce two or four hopping IDs instead
When Rel-16 DMRS sequence for pi/2 BPSK PUCCH Format 4, two (if occ-length=2) or four (if occ-length=4) hoppingID ([image: image14.png]ndp,



, [image: image16.png]nip,
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) can be configured by RRC 
· Used in [image: image22.png]


 and [image: image24.png]f.. = n;p mod 30



 to determine the CGS group index 
· UE determines the [image: image26.png]N, = NS



 where occ-index is the occ-index associated with the PUCCH format 4 resource 
Observation: Adopt Proposal 11 (1), Reject Proposal 11 (3). (No consensus to adopt Proposal 11
Note that this proposal violates the agreement made in RAN1#96:
Agreement
The PUCCH multiplexing capacity when Rel-16 DMRS is configured for pi/2 BPSK PUCCH is a single port
Note: Qualcomm showed strong concern on the benefits of pi/2 BPSK due to this agreement
Please provide your views on this proposal for PUCCH Format 4:
	Affiliation
	View
	Comment

	Qualcomm
	Support Proposal 11
	Reply to ZTE’s comment: RRC semi-static configuration does not solve the issue. Since sequence hopping is used on DMRS, even two UEs are configured with different DMRS sequences initially, after random hopping over 10ms, DMRS sequence could colliding (meaning use same sequence). To avoid collision in this case, Proposal 12 allows eNB use ARI to signal UE use another PUCCH resource with different OCC_index which ends up with a different DMRS sequence. Without Proposal 12, to avoid collision, eNB has to put different UEs on different RBs which makes resource usage very inefficient (There are 75% REs are not use in PUCCH format-4 RBs as shown below). 
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	ZTE
	Do not support
	occ-index is configured by RRC signaling. gNB can configure different occ-index to different UEs for multiplexing data of those UEs based on FDM. 

	Nokia/NSB
	Do not support
	Single ID is enough. 

	vivo
	Do not support
	Based on the agreement in previous RAN1 meeting, a single scrambling ID is sufficient.


7 Power imbalance
LG Electronics support introducing a modified time domain OCC to address power imbalance in NR Rel.16. Samsung suggest considering codebook enhancements for UL power imbalance. Oppo propose to solve the issue by implementation. MediaTek would like to notify RAN4 about the issue and await their feedback before pursuing a specification-based solution. 
Please provide your views on this issue:
	Affiliation
	View

	Ericsson
	Discuss as a potential TEI-16 topic. 

	Nokia/MSB
	Support Oppo’s proposal. Implementation specific solution.

	Spreadtrum
	Support Oppo’s proposal.

Support implementation based solutions, e.g., scheduling restriction, applying phase rotation for some ports.

	Huawei, HiSilicon
	Similar view with OPPO, the detailed analysis on the cases for power imbalance and the implementation solutions can be found in R1-1901570.


Observation: Implementation is used to solve power imbalance in Rel.16
8 Appendix
· Alt.1 pre-DFT block-OCC [X -X] and use length N  DFT and a single sequence set X
· Property: AC,XC,PAPR different for the two combs  (due to [X X] and [X -X])
· A single sequence set X design may take into account AC,XC and PAPR for both the XX and the X -X mapping, i.e. for mapping to any of the two combs
· 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
· Property: AC,XC same on both combs, PAPR different for the two combs
· Mapping to 2nd  comb can be implemented either pre-DFT (by applying exp(j*2*pi*n/N))  or post-DFT (direct mapping to 2nd comb)
· A single sequence set X may be designed independently of which comb is assumed with respect to XC,AC properties since resulting XC and AC will be the same for each  comb
· However, the single sequence set X may be designed to take into account PAPR for mapping to any of the two combs since PAPR will differ between the two combs assuming  same FDSS filter
· 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  in order to optimize XC,AC and PAPR per comb
· Alt.3-b:  As in Alt.2 where instead two sequence sets X1 and X2 are designed for each of the two combs respectively in order to optimize XC,AC  and PAPR per comb
· Alt.4 Pre-DFT symbol level OCC and use length N  DFT (e.g. [++++…], [+-+-+-+-]) 
· See R1-1901792

13/13


_1615966619.unknown

_1615966620.vsd
�

DMRS symbol


DMRS symbol


DMRS


PUCCH data



