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Introduction
In RAN1 #90 [1], a lot of progress was made on the demodulation reference signal (DMRS) for PDSCH and PUSCH. The agreements can be found in the Appendix. We provide our views on the remaining issues for DMRS for PDSCH and PUSCH.
PDSCH/DMRS EPRE definition & values
The PDSCH/DMRS EPRE is defined per layer from UE perspective. For config-1, values of 0 and 3 dB need to be supported, whereas for config-2, also value -4.77 dB is needed. For simplicity, the editor could capture a formula on how this ratio is computed, or it can be a separate column in the DMRS port indication table. 

Proposal 1: The PDSCH/DMRS EPRE ratio is defined per transmitted layer from UE perspective. It is a function of the number of CDM groups that do not contain data from UE perspective. Specifically, 

We propose to add a column in the DMRS table according to the above principles.
DMRS port indexing for 2 symbols
Proposal 2: We support the following DMRS port indexing for 2 symbols and configuration 1 and 2 respectively. .Same as latest endorsed R1-1720850 38.211 spec).
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	1000
	0
	+1
	+1
	+1
	+1

	1001
	0
	+1
	-1
	+1
	+1

	1002
	1
	+1
	+1
	+1
	+1

	1003
	1
	+1
	-1
	+1
	+1

	1004
	0
	+1
	+1
	+1
	-1

	1005
	0
	+1
	-1
	+1
	-1

	1006
	1
	+1
	+1
	+1
	-1

	1007
	1
	+1
	-1
	+1
	-1


Table 1: Configuration 1 (Same as latest endorsed R1-1720850 38.211 spec).
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	1000
	0
	+1
	+1
	+1
	+1

	1001
	0
	+1
	-1
	+1
	+1

	1002
	2
	+1
	+1
	+1
	+1

	1003
	2
	+1
	-1
	+1
	+1

	1004
	4
	+1
	+1
	+1
	+1

	1005
	4
	+1
	-1
	+1
	+1

	1006
	0
	+1
	+1
	+1
	-1

	1007
	0
	+1
	-1
	+1
	-1

	1008
	2
	+1
	+1
	+1
	-1

	1009
	2
	+1
	-1
	+1
	-1

	1010
	4
	+1
	+1
	+1
	-1

	1011
	4
	+1
	-1
	+1
	-1


							Table 2: Configuration 2 (Same as latest endorsed R1-1720850 38.211 spec)


Figure 1 Config-1 DMRS port index 


Figure 2 Config-2 DMRS port index 
DMRS port indication table design 
DMRS port table principles
The DMRS tables that NR should support should allow enough flexibility to address SU and MU scenarios with high efficiency, without increasing excessively the receiver complexity. Such a framework would be needed to help decrease the UE complexity with a minimal increase in the DCI overhead. It was agreed that

At least the following information is included in DCI as part of downlink DMRS port assignment:
· Scheduled downlink DMRS ports
· Potential presence of co-scheduled downlink DMRS CDM groups for rate matching
· FFS: Whether the presence of co-scheduled downlink DMRS port(s) within the assigned downlink DMRS CDM group is supported or not

Proposal 3: The DMRS port indication table for DL should contain some information related to the presence of co-scheduled downlink DMRS port(s) within the assigned downlink DMRS CDM group.

When possible, FDMing UEs provides more robust performance than CDMing. Also, it allows for an advanced UE to search first whether the other CDM groups have a port inside; if not, then there will not be co-scheduled ports inside its own used CDM group. 

Proposal 4: In MU-MIMO, different UEs are first multiplexed using ports across CDM groups, and then, if all CDM groups are active, different UEs can be multiplexed inside the same CDM group. 

[image: ]Since 2-symbol front-load and 1-symbol front-load is dynamically switched, it is not necessary to have port groups in SU that would result to similar performance. For example,
0. In SU-MIMO, the performance of the following:
0.  UE is scheduled with 2, or 3, or 4 ports inside one CDM group in 2-symbol DMRS with data FDMed in the other CDM group,
0. UE is scheduled with 2, or 3, or 4 SU ports in 1-symbol DMRS,
have very similar performance. Therefore, we propose to support only the II case. 
Observation 1: In SU-MIMO and 2 symbol front-load DMRS with data FDM on the DMRS symbols it has similar performance to the case of SU-MIMO and 1 symbol front-load DMRS. 

Proposal 5: In SU-MIMO and 2 symbol front-load DMRS transmission with data FDMed on the DMRS symbols is not supported.

It has been agreed that a UE is not expected to be scheduled with TD-OCC when PTRS is transmitted, due to phase noise issues. We also propose that when PTRS is NOT transmitted, a UE getting rank 4 will happen only with TD-OCC ({1,1}, {1,-1}); since the performance of TD-OCC({1,1}, {1,-1}) is more robust compared to the case of repetition, i.e., TD-OCC({1,1}, {1,1}). Thus, 

Proposal 6: From UE perspective, when PTRS is not transmitted, a UE is expected to be scheduled with rank 4 (SU or MU) only with a port combination with TD-OCC({1,1}, {1,-1}). 

Based on the above proposals and observations we have the following table (from UE perspective) for config-1 when max-FL-symbols is 2. When, max-FL-symbol is 1, then only the first 13 rows are needed. 

DMRS port table 
DMRS configuration 1
[bookmark: _Hlk498701552]Proposal 7: Support the DMRS port indication table in page 4 for DL for config-1 with max-FL-symbols equals to 2. For max-FL-symbols equals to 1 support only the first 13 rows of the table. 

	Table index
	DMRS port ID (+1000)
	CDM group(s) without PDSCH 
	Potentially active Remaining ports in used CDM group(s)
	Actual FL DMRS symbols
	UE implicit assumption: SU/MU, PDSCH/DMRS EPRE ratio (per layer)

	1
	0
	0
	None
	1
	SU, 0 dB

	2
	0
	0,1
	None
	1
	SU, -3 dB

	3
	0
	0,1
	All
	1
	MU, -3 dB

	4
	1
	0,1
	All
	1
	MU, -3 dB

	5
	2
	0,1
	All
	1
	MU, -3 dB

	6
	3
	0,1
	All
	1
	MU, -3 dB

	7
	0,1
	0
	N/A
	1
	SU, 0 dB

	8
	0,1
	0,1
	N/A
	1
	MU, -3 dB

	9
	2,3
	0,1
	N/A
	1
	MU, -3 dB

	10
	0,2
	0,1
	None
	1
	SU, -3 dB

	11
	0,1,2
	0,1
	None
	1
	SU, -3 dB

	12
	0,1,2
	0,1
	All
	1
	MU, -3 dB

	13
	0,1,2,3
	0,1
	N/A
	1
	SU, -3 dB

	14
	0
	0,1
	All
	2
	MU, -3 dB

	15
	1
	0,1
	All
	2
	MU, -3 dB

	16
	2
	0,1
	All
	2
	MU, -3 dB

	17
	3
	0,1
	All
	2
	MU, -3 dB

	18
	4
	0,1
	All
	2
	MU, -3 dB

	19
	5
	0,1
	All
	2
	MU, -3 dB

	20
	6
	0,1
	All
	2
	MU, -3 dB

	21
	7
	0,1
	All
	2
	MU, -3 dB

	23
	0,1
	0,1
	All
	2
	MU, -3 dB

	25
	2,3
	0,1
	All
	2
	MU, -3dB

	26
	4,5
	0,1
	All
	2
	MU, -3dB

	27
	6,7
	0,1
	All
	2
	MU, -3dB

	28
	0,4
	0,1
	All
	2
	MU, -3dB

	29
	2,6
	0,1
	All
	2
	MU, -3dB

	30
	1,5
	0,1
	All
	2
	MU, -3dB

	31
	3,7
	0,1
	All
	2
	MU, -3dB

	32
	0,4,2
	0,1
	None
	2
	SU, -3 dB

	33
	0,1,4
	0,1
	All
	2
	MU, -3 dB

	34
	2,3,6
	0,1
	All
	2
	MU, -3 dB

	35
	0,4,2,6
	0,1
	None
	2
	SU, -3dB

	36
	0,1,4,5
	0,1
	N/A
	2
	MU, -3 dB

	37
	2,3,6,7
	0,1
	N/A
	2
	MU, -3 dB

	38
	0,1,2,4,6
	0,1
	None
	2
	SU, -3 dB

	39
	0,1,2,3,4,6
	0,1
	None
	2
	SU, -3 dB

	40
	0,1,2,3,4,5,6
	0,1
	None
	2
	SU, -3 dB

	41
	0,1,2,3,4,5,6,7
	0,1
	N/A
	2
	SU, -3 dB




DMRS configuration 2
Proposal 8: Support the DMRS port indication table in page 5 for DL for config-2 with max-FL-symbols equals to 2. For max-FL-symbols equals to 1 support only the first 16 rows of the table. 

	Table index
	DMRS port ID (+1000)
	CDM group(s) without PDSCH 
	Potentially active Remaining ports in used CDM group(s)
	Actual FL DMRS symbols
	UE implicit assumption: SU/MU, PDSCH/DMRS EPRE ratio (per layer)

	1
	0
	0
	None
	1
	SU, 0 dB

	2
	0
	0,1,2
	None
	1
	SU, -4.77 dB

	3
	0
	0,1,2
	All
	1
	MU, -4,77 dB

	4
	1
	0,1,2
	All
	1
	MU, -4,77 dB

	5
	2
	0,1,2
	All
	1
	MU, -4,77 dB

	6
	3
	0,1,2
	All
	1
	MU, -4,77 dB

	7
	4
	0,1,2
	All
	1
	MU, -4,77 dB

	8
	5
	0,1,2
	All
	1
	MU, -4,77 dB

	9
	0,1
	0
	N/A
	1
	SU, 0 dB

	10
	0,1
	0,1,2
	N/A
	1
	MU, -4.77 dB

	13
	0,2
	0,1,2
	None
	1
	SU, -4.77 dB

	11
	2,3
	0,1,2
	N/A
	1
	MU, -4.77 dB

	12
	4,5
	0,1,2
	N/A
	1
	MU, -4.77 dB

	14
	0,2,4
	0,1,2
	None
	1
	SU, -4.77 dB

	15
	0,1,2
	0,1,2
	All
	1
	MU, -4.77 dB

	16
	0,1,2,3
	0,1,2
	N/A
	1
	MU, -4.77 dB

	17
	0
	0,1,2
	All
	2
	MU, -4.77 dB

	18
	1
	0,1,2
	All
	2
	MU, -4.77 dB

	19
	2
	0,1,2
	All
	2
	MU, -4.77 dB

	20
	3
	0,1,2
	All
	2
	MU, -4.77 dB

	21
	4
	0,1,2
	All
	2
	MU, -4.77 dB

	22
	5
	0,1,2
	All
	2
	MU, -4.77 dB

	23
	6
	0,1,2
	All
	2
	MU, -4.77 dB

	24
	7
	0,1,2
	All
	2
	MU, -4.77 dB

	25
	8
	0,1,2
	All
	2
	MU, -4.77 dB

	26
	9
	0,1,2
	All
	2
	MU, -4.77 dB

	27
	10
	0,1,2
	All
	2
	MU, -4.77 dB

	28
	11
	0,1,2
	All
	2
	MU, -4.77 dB

	29
	0,1
	0,1,2
	All
	2
	MU, -4.77 dB

	30
	2,3
	0,1,2
	All
	2
	MU, -4.77 dB

	31
	4,5
	0,1,2
	All
	2
	MU, -4.77 dB

	32
	6,7
	0,1,2
	All
	2
	MU, -4.77 dB

	33
	8,9
	0,1,2
	All
	2
	MU, -4.77 dB

	34
	10,11
	0,1,2
	All
	2
	MU, -4.77 dB

	35
	0,6
	0,1,2
	All
	2
	MU, -4.77 dB

	36
	2,8
	0,1,2
	All
	2
	MU, -4.77 dB

	37
	4,10
	0,1,2
	All
	2
	MU, -4.77 dB

	38
	1,7
	0,1,2
	All
	2
	MU, -4.77 dB

	39
	3,9
	0,1,2
	All
	2
	MU, -4.77 dB

	40
	5,11
	0,1,2
	All
	2
	MU, -4.77 dB

	41
	0,1,6
	0,1,2
	All
	2
	MU, -4.77 dB

	42
	2,3,8
	0,1,2
	All
	2
	MU, -4.77 dB

	43
	4,5,10
	0,1,2
	All
	2
	MU, -4.77 dB

	44
	0,6,2,8
	0,1,2
	None
	2
	SU, -4.77 dB

	45
	0,1,6,7
	0,1,2
	All
	2
	MU, -4.77 dB

	46
	2,3,8,9
	0,1,2
	All
	2
	MU, -4.77 dB

	47
	4,5,10,11
	0,1,2
	All
	2
	MU, -4.77 dB

	48
	0,1,2,3,4
	0,1,2
	None
	2
	SU, -4.77 dB

	49
	0,1,2,3,4,5
	0,1,2
	None
	2
	SU, -4.77 dB

	50
	0,1,2,3,4,5,6
	0,1,2
	None
	2
	SU, -4.77 dB

	51
	0,1,2,3,4,5,6,8
	0,1,2
	N/A
	2
	SU, -4.77 dB





Additional considerations
[bookmark: _Ref378529477]Proposal 9: NR supports configuring, by dedicated RRC signaling, to a UE a subset of a DMRS port-indication table.
We observe, that the above DMRS table allows serving and co-scheduled ports to be CDMed in an MU-scenario. If such a pairing is happening with 1 RB granularity, all the UE would need to perform 1-RB CE, since the UE is not aware of subband information of co-scheduled ports. In order to ensure an enhanced CE performance for both Type 1 and Type 2 in scenarios of MU-MIMO, we propose the resource allocation and PRG to be happening with a 2-PRB granularity, aligned with the already-agreed common/absolute RBG grid. 
Proposal 10: In Rel-15 MU-MIMO, unless otherwise configured, the UE may assume that the resource allocation of serving and co-scheduled ports is happening with a 2-PRB granularity which is aligned with the common RBG wideband grid.
Collision handling of DMRS and PSS/SSS
DMRS patterns are already highly configurable. Introducing heuristic DMRS shifting would only increase the UE complexity with performance gains that are questionable. The network for example may schedule mini-slots to handle the collision of DMRS with PSS/SSS. Therefore, if such collision cannot be avoided by configuration we propose DMRS puncturing to occur. 
[bookmark: _Hlk498701561]Proposal 11:  For collision handling of DMRS with SS-block, in Rel-15 support the following: 
· PRG-aligned DMRS puncturing when DMRS collides with SS-block. 
· In scenarios where not all DMRS symbols collide with SS-block, the same PRG-aligned DMRS puncturing occurs in all DMRS symbols.
· PRB-based rate matching of the PDSCH channel.
· The PDSCH channel is rate matched such that all PRBs with non-punctured DMRS contained also PDSCH
Sequence design for UL/DL CP-OFDM
The reference signal sequence derivation for DMRS should be based on QPSK sequence 


where c(i) is a length-31 Gold sequence (same as LTE).
[bookmark: _Hlk498701609]Proposal 12: DMRS PN sequence is the length-31 Gold sequence (same as LTE).
Proposal 13: Initialization of the PN generator c(i) for each symbol carrying DMRS is as follows
· 
· If no scrambling ID is configured, then physical cell ID is used
· The value of  is 0, unless specified otherwise

It can be verified that the above formula results in different  for the cartesian product of ; total 4515840 different initializations. 
Sequences DFT-S-OFDM
ZC-sequence design for DFT-S-OFDM
For cell edge UEs with link budget limited UEs, waveform with low PAPR e.g., DFT-s-OFDM may be used for PUSCH transmission. For simplicity of the design we propose to use a similar approach as in Rel-13 comb-2 sequence, unless a significantly better approach can be identified. 

[bookmark: _Hlk498701689]Proposal 14: For PUSCH with DFT-S-OFDM waveform and modulation order > BPSK, NR reuses the Rel-13 ZC sequences for comb-2 and more than 5 PRBs transmission BW.
· Note: The RS in two TD-OCCed symbols will be repetition of the 1st symbol.  

When UEs with DFT-s-OFDM are to be multiplexed with UEs with OFDM in MU-MIMO scenario, the orthogonality of the RS may be satisfied with FDM, i.e., RS tones from the UEs with different waveform may be interlaced in frequency domain.
Length: 6, 18, 24, 30 CGS sequences for DFT-S-OFDM without pi/2 BPSK
In this section, we propose new sets of length-6, length-18, and length-30 CGSs with low PAPR and low cross correlation property.  

The proposed length-6 CGSs are listed in Table 1 below, with the PAPR and cross-correlation performances summarized in Tables 2 and 3. The cubic metric is calculated according to [1] with an IFFT size of 2048. The cross correlation between 2 sequences is computed by considering all 6 cyclic shifts. In addition to the cross correlations among the new CGSs, we also computed the cross correlation between the new CGSs and the LTE length-6 CGSs, in order to support coexistence between LTE and NR.  From the tables, we observe that the LTE length-6 CGSs have maximum cross-correlation 1. In other words, there exist pairs of sequences that are cyclic shifts of each other (in the time domain). On the other hand, the proposed CGSs have a lower maximum cross correlation not only between the sequences in the proposed set, but also with the LTE CGSs. Furthermore, the PAPR of the proposed CGSs is 0.7 dB lower (on average) than that of the LTE CGSs.  

Table 1: New set of length-6 CGSs
	Index
	Sequence
	PAPR
	CM (dB)

	0
	-3    -1     3     3    -1    -3
	2.3873
	0.9325

	1
	-3    -3     3    -3     3    -1
	2.3873
	0.9325

	2
	-3     3    -1    -1     3    -3
	2.3873
	0.9325

	3
	-3     1    -1     1    -1    -1
	2.3873
	0.9325

	4
	-3    -1    -3     1    -3    -3
	2.8129
	0.9632

	5
	-3    -3     1    -3     3    -3
	2.8129
	0.9632

	6
	-3     1     1    -1    -3    -1
	2.8129
	0.9632

	7
	-3    -1    -3     3     3    -1
	2.8129
	0.9632

	8
	-3     1    -1    -3    -3    -3
	2.8599
	0.9935

	9
	-3     1     3    -3    -3    -3
	2.8599
	0.9935

	10
	-3    -3    -3    -1     1    -3
	2.8599
	0.9935

	11
	-3    -3    -3     3     1    -3
	2.8599
	0.9935

	12
	-3     3    -1     3    -3    -1
	2.8599
	0.9935

	13
	-3     3     3     3    -3    -1
	2.8599
	0.9935

	14
	-3    -1     1    -3     1    -1
	2.8599
	0.9935

	15
	-3    -1     1     1     1    -1
	2.8599
	0.9935

	16
	-3     1    -1     1    -3    -3
	3.0076
	0.9935

	17
	-3     1     3     1    -3    -3
	3.0076
	0.9935

	18
	-3     3    -1    -1    -3    -1
	3.0076
	0.9935

	19
	-3    -3     1     3     1    -3
	3.0076
	0.9935

	20
	-3     1     1     1     1    -3
	3.1241
	0.9935

	21
	-3    -1    -1    -1     3    -1
	3.4662
	1.0234

	22
	-3    -1     1    -1    -3    -3
	3.4662
	1.0234

	23
	-3    -3    -1     1    -1    -3
	3.4662
	1.0234

	24
	-3    -3     3     1     3    -3
	3.4662
	1.0234

	25
	-3    -3    -3     1    -3    -1
	3.4662
	1.0234

	26
	-3    -1     3    -1    -1    -1
	3.4662
	1.0234

	27
	-3     3     1     3    -3    -3
	3.4662
	1.0234

	28
	-3     1    -3    -3    -3    -1
	3.4662
	1.0234

	29
	-3    -3    -3     1     1    -3
	3.5139
	1.1674



Table 2: PAPR comparison between the new length-6 CGSs and LTE CGSs
	
	New CGSs
	LTE CGSs

	Mean PAPR
	3.0026
	3.6749

	Max. PAPR
	3.5139
	4.2597

	Min. PAPR
	2.3873 
	2.8129

	Mean CM
	0.9951
	1.1185

	Max. CM
	1.1674
	1.2766

	Min. CM
	0.9325
	0.9632



Table 3: Cross-correlation comparison between the new length-6 CGSs and LTE CGSs
	
	New CGSs
	LTE CGSs
	Cross corr. between new CGSs and LTE CGSs

	Mean Corr.
	0.3610
	0.3593
	0.3611

	Corr. 95%:
	0.707
	0.686
	0.7454

	Corr. 99%:
	0.7887
	0.88
	0.8498

	Max. Corr.
	0.8797
	1
	0.9107



The proposed length-18 CGSs are listed in Table 4 below, with the PAPR and cross-correlation performances summarized in Tables 5 and 6. Again, we observe that both the PAPR and the maximum cross-correlation of the proposed CGSs are lower than those of the LTE CGSs. 
Table 4: New set of length-18 CGSs
	Index
	Sequence
	PAPR(dB)
	CM (dB)

	0
	-3    -1    -3    -1    -3    -1    -3    -1     1     3    -3     3     1    -1     1    -1    -3     3
	2.2297
	0.0248

	1
	-3    -3    -1    -3     1    -1     3     3     1     1    -3    -3     1     3     1     3    -1     1
	2.3987
	0.2434

	2
	-3    -3     1    -3     3     3     3    -1     3     1     1    -3    -3    -3     3    -3    -1    -1
	2.5018
	0.4643

	3
	-3    -3    -1     1    -1    -1    -1     3     3     1    -3     1     1     1    -1     3    -1    -1
	2.5018
	0.4643

	4
	-3     1     1     3     3     1     3     3    -3     1    -3     1     3     3     1    -1    -1    -3
	2.5073
	0.2464

	5
	-3     1    -1     3    -1    -3    -3    -1     1     3     3     1     1    -3     3     3     1     3
	2.5073
	0.2464

	6
	-3     3     1     1    -3     1    -3     1    -3    -3     1    -3    -3    -3    -3    -1     1     1
	2.5140
	0.4221

	7
	-3    -3    -1     1    -1    -3     1     1    -3     1     3    -1     3     1     1     1    -1    -1
	2.5316
	0.3469

	8
	-3    -3    -1    -1    -1     1    -3     1    -1     3    -1    -1     3    -3    -1    -3     3     3
	2.5316
	0.3469

	9
	-3    -3     3     3     3     1    -3     1     3    -1     3     3    -1    -3     3    -3    -1    -1
	2.5316
	0.3469

	10
	-3    -1    -3    -3     1     3     1    -1     3    -1    -3     3     3    -1     3     3     3    -3
	2.5518
	0.6534

	11
	-3     3    -1    -1    -3     1    -1     1     1    -3    -1    -1     3    -3     3     3    -1     1
	2.5585
	0.4643

	12
	-3     3    -3     3    -1     3     3     3     3    -1     1    -3    -3    -1    -1    -3     1     1
	2.5838
	0.4685

	13
	-3    -1    -1     1    -3     1    -3     1     3    -3     1     1    -3     3     1    -1    -1    -1 
	2.5975
	0.4573

	14
	-3     1    -1     1    -3     3    -1    -1     3     3    -1     1     1    -1     3     3     3     3
	2.5981
	0.4545

	15
	-3    -3    -3    -3     1    -1    -1     1    -3    -3     1     1    -3     3    -1     1    -1     3
	2.5981
	0.4545

	16
	-3    -3     3     3     3     1    -3     1     3     3     1    -3    -3     3    -1    -3    -1     1
	2.6064
	0.3557

	17
	-3     1    -3     3    -1    -3    -1     1     3     3     1    -1    -3    -3    -1    -1    -3    -3
	2.6087
	0.4531

	18
	-3    -3     3     3    -3    -3     3     1    -1    -1     1     3    -3     3    -1    -3     1    -3
	2.6087
	0.4531

	19
	-3     3     1    -1     1    -1     1     3     1    -3    -1    -3    -1     1     3    -3     1     1
	2.6201
	0.6534

	20
	-3     3    -1    -3     1     3     3    -3     1     3    -1     1    -1    -1    -3     1     1     1
	2.6220
	0.2663

	21
	-3     3    -3    -1     1     1    -1     3    -3    -3    -3     1    -3    -3    -3     3     1    -3
	2.6495
	0.4206

	22
	-3    -1     3     3    -1     3    -1    -3    -1     1    -1    -3    -1    -1    -1     3     3     1
	2.6563
	0.5614

	23
	-3     3     3    -1    -1    -3     1     1     3     3    -1    -3     1    -3     3    -3     1     3
	2.6589
	0.5399

	24
	-3     3     3     3     3    -1    -1     1    -3     1     1     1    -3     3     1    -3     1     3
	2.6617
	0.4727

	25
	-3     3    -3     1     1     3    -3    -1     3    -3     3    -3    -3     1    -1    -1     3     1
	2.6629
	0.4629

	26
	-3     3     1    -1    -1     3     1    -3     1    -3    -1     1     3     3     3     3     1     3
	2.6657
	0.2980

	27
	-3    -1    -3    -3    -3    -3    -1     1     3    -1     3    -1    -3     1     1    -1    -3     3
	2.6657
	0.2980

	28
	-3    -3    -3     1    -1    -3    -1    -1     1    -3    -3     3     3    -3     1     3    -1     3
	2.6823
	0.3630

	29
	-3    -1     1    -3    -3    -1    -3     1    -3     1     3     3     3     3     1    -1    -3     3
	2.6942
	0.4838



Table 5: PAPR comparison between the new length-18 CGSs and LTE length-18 CGSs
	
	New 30 CGS sequences
	LTE sequences

	Mean PAPR (dB)
	2.5769
	 3.8153

	Max. PAPR
	2.6942
	4.7699

	Min. PAPR
	2.2297
	3.2778

	Mean CM
	0.4062
	0.8622

	Max CM
	0.6534
	0.9416

	Min CM
	0.0248
	0.7157



Table 6: Cross-correlation comparison between the new length-18 CGSs and LTE length-18 CGSs
	
	New CGS sequences
	LTE sequences
	Cross correlation btw new sequences and LTE sequences

	Mean Corr.
	0.2096
	0.2089
	0.2093

	Corr. 95%:
	0.4073
	0.4045
	0.4069

	Corr. 99.5%:
	0.5111
	0.5405
	0.5296

	Max. Corr.
	0.5568
	0.6415
	0.6293



In LTE Rel-14, the length-30 sequences are truncated ZC sequences (truncated from length-31 ZC sequences). The PAPR of LTE length-30 sequences is not optimized, and can be as large as 5.8 dB. This motivates us to propose a new set of length-30 CGSs for NR to be used in cases where low PAPR is required. The CGSs are listed in Table 7 below, and their PAPR and cross-correlation performances are summarized in Tables 8 and 9, respectively.
Table 7: New set of length-30 CGSs
	Index
	Sequence
	PAPR(dB)
	CM (dB)

	0
	-3     3     1    -1     1     3    -1     3    -1    -1    -1    -3     3     1    -3    -1     1     3    -3    -3     1     3     1    -3     3    -3    -3    -3    -3    -3
	2.7214
	0.4448

	1
	-3    -3    -3    -3    -3     3    -3     1     3     1    -3    -3     3     1    -1    -3     1     3    -3    -1    -1    -1     3    -1     3     1    -1     1     3    -3
	2.7214
	0.4448

	2
	-3    -1     1     3     1    -1     3    -1     3     3     3    -3    -1     1    -3     3     1    -1    -3    -3     1    -1     1    -3    -1    -3    -3    -3    -3    -3
	2.7214
	0.4448

	3
	-3     1     3    -3     3    -3     1     1     3    -1    -3     1    -1    -1     3     1    -3     1     3    -3    -3    -3     3     1    -1    -3    -3    -3    -3    -3
	2.7644
	0.6686

	4
	-3    -3    -3    -3    -1     3    -1    -1    -1     1     1     1    -1    -3    -1    -3    -3    -3     1     1    -3     3    -3    -1    -3     1    -3     3     1    -3
	2.7930
	0.7073

	5
	-3     1    -1    -3     1    -3     3    -3    -1    -3     1     1    -3    -3    -3     3    -3     3     1     1     1     3     3     3    -1     3    -3    -3    -3    -3
	2.7930
	0.7073

	6
	-3    -3    -1     3    -3     3     3    -1     3    -3     1    -3    -3    -1     1    -1    -1    -1     3    -3     3    -1    -3     3     1     3     1    -3    -3    -3
	2.8231
	0.6256

	7
	-3    -3     3     3     3    -1    -3    -1    -3     1    -1     3    -1    -1     1     1    -3    -1     1    -3    -1    -3    -3     1    -1     3     3     1    -3    -3
	2.8462
	0.7103

	8
	-3     3    -1    -3    -3     1    -1     3    -3    -3     1     3    -3     3    -1     3    -1     1     3    -1     3    -3    -3     3     3     1     1    -3    -3    -3
	2.8682
	0.5879

	9
	-3    -3    -1     1     1     3    -1    -3    -3     3    -3     1    -3     3     1    -3     3     1     3    -1     3     3    -1     1    -3    -3    -3     3    -3    -3
	2.8703
	0.6374

	10
	-3    -3     3     1     1    -1     3    -3    -3    -1    -3     1    -3    -1     1    -3    -1     1    -1     3    -1    -1     3     1    -3    -3    -3    -1    -3    -3
	2.8703
	0.6374

	11
	-3    -1     3    -3     1    -3     3     1     3    -3    -3     1    -3     1    -1     1     3    -3     3     1     3     3    -1    -1    -3    -3     3    -3    -3    -3
	2.8848
	0.5976

	12
	-3     1     3    -3    -1    -1     3    -3    -1    -3    -1     1    -3     3     1     3     1     3    -1    -3    -3    -3    -1    -1    -3     1    -1    -3    -3    -3
	2.8948
	0.7780

	13
	-3    -3     3    -3    -3     3     3    -1     3     1    -1     3    -3     3    -1    -3     1    -1     1    -3    -1     3     1    -3    -1     1     1     3    -3    -3
	2.9174
	0.6422

	14
	-3     3    -3    -1     3    -1     1    -3     3    -1     3     3     3    -1    -1     1    -1    -1     1     1     3     1    -1    -3     1     3     1    -1    -3    -3
	2.9349
	0.5481

	15
	-3    -3    -3    -1    -1     1    -1     1    -3     3    -1     1    -3    -1     3     1    -1    -1     1    -1    -3    -1    -1     3    -3     3    -1    -1     3    -3
	2.9391
	0.5232

	16
	-3    -3     1     1     1    -1     3     1     1     3    -1     3    -3     3     3     1     1     1     1    -1     1     3    -3    -1     1    -1     3     1    -3    -3
	2.9416
	0.6327

	17
	-3    -3     1     3    -1     1    -1    -3     3     1    -1     1     1     1     1     3     3    -3     3    -1     3     1     1     3    -1     1     1     1    -3    -3
	2.9416
	0.6327

	18
	-3    -3     1    -1     3     1     3    -3    -1     1     3     1     1     1     1    -1    -1    -3    -1     3    -1     1     1    -1     3     1     1     1    -3    -3
	2.9416
	0.6327

	19
	-3    -3     1    -1    -3     3     1    -1    -3    -1    -3    -1    -1    -3    -3    -3     3    -1     1     1    -3    -1     1     3     1     3    -1     3    -3    -3
	2.9488
	0.3476

	20
	-3    -3    -1     3    -1     1    -1     1     3    -3     1     1     3    -1    -3    -3    -3     3     3    -3     3    -3     3     1    -1    -3     3     1    -3    -3
	2.9488
	0.3476

	21
	-3    -3    -1    -3     1    -1     1    -1    -1     1    -1    -1    -3     1    -3    -3     3    -1     3     3    -3    -1    -3    -1     3     3     1     1    -3    -3
	2.9537
	0.5649

	22
	-3    -3     1    -3    -3     3     3    -1    -1    -3     1     1     3    -3    -1    -1     3     1    -3     1     1    -3     1    -3     1    -3    -1    -3    -3    -3
	2.9724
	0.5402

	23
	-3    -3     3     1     3    -3    -3     1    -1     1    -1     3     3    -3     3     1     3    -1     1    -3     3    -1     3    -3    -1    -3    -3    -1    -3    -3
	2.9732
	0.5605

	24
	-3    -3    -3     3    -3    -1     3    -1    -1    -3     3     1     1    -3     1    -3     3    -1    -3    -1    -3     3     1     3     3    -3    -1     1     1    -3
	2.9801
	0.5750

	25
	-3     1     1    -1    -3     3     3     1     3    -3    -1    -3    -1     3    -3     1    -3     1     1     3    -3    -1    -1     3    -1    -3     3    -3    -3    -3
	2.9801
	0.5750

	26
	-3     1     1     3    -3    -1    -1     1    -1    -3     3    -3     3    -1    -3     1    -3     1     1    -1    -3     3     3    -1     3    -3    -1    -3    -3    -3
	2.9801
	0.5750

	27
	-3     3    -3     1    -1    -3    -3     3     1     1     3     3    -1     3    -3     3     1     3     3     1    -3    -1     1    -1     3    -3    -3     3    -3    -3
	2.9970
	0.4360

	28
	-3    -1    -3     1     3    -3    -3    -1     1     1    -1    -1     3    -1    -3    -1     1    -1    -1     1    -3     3     1     3    -1    -3    -3    -1    -3    -3
	2.9970
	0.4360

	29
	-3    -3    -1    -3    -3    -1     3     1     3    -3     1    -1    -1     1    -1    -3    -1     3    -1    -1     1     1    -1    -3    -3     3     1    -3    -1    -3
	2.9970
	0.4360



Table 8: PAPR performance of the proposed length-30 CGSs
	
	New 30 CGS sequences
	LTE sequences

	Mean PAPR (dB)
	2.8972
	4.0279

	Max. PAPR
	2.9970
	5.8282

	Min. PAPR
	2.7214
	2.6537

	Mean CM
	0.5666
	1.0205

	Max CM
	0.7780
	2.0551

	Min CM
	0.3476
	-0.1177



Table 9: Cross-correlation performance of the proposed length-30 CGSs
	
	New CGS sequences
	LTE sequences
	Cross corr. with LTE sequences

	Mean Corr.
	0.1616
	0.1737
	0.1620

	Corr. 95%:
	0.3185
	0.2652
	0.3153

	Corr. 99.5%:
	0.4059
	0.3276
	0.4199

	Max. Corr.
	0.4573
	0.3570
	0.6149



Proposal 15: Support the new sets of length-6, length-18, and length-30 CGSs listed in Table 1, Table 4, and Table 7, respectively.
/2 BPSK sequence for DFT-S-OFDM 
It has been agreed that /2 BPSK is supported. We now provide our proposal on the pilot design for /2 BPSK.
[image: ]
PAPR of Zadoff-Chu Sequence with FDSS [0.28,1,0.28] (Length of ZC Sequence=239, Number of Allocated Tones = 240)
The above Figure shows the PAPR of Zadoff-Chu sequence when it goes through FDSS (frequency domain spectral shaping). FDSS is chosen as the one that corresponds to [0.28,1,0.28] in time domain. The ZC sequence length is chosen as 239, and the total number of allocated RBs are 20. As shown in the Figure, even the best 30 Zadoff-Chu sequences with FDSS has at least 1 dB higher PAPR than DFT-s-OFDM waveform with the same FDSS.
Chu-sequence-based DMRS sequences has worse PAPR than Pi/2 BPSK data with filtering. Therefore, new DMRS sequences should be designed for pi/2 BPSK modulation to meet the same PAPR requirement as the data symbols. Furthermore, for the new DMRS sequences, low auto/cross-correlation and frequency domain flatness properties are desired.
To satisfy these requirements, we propose the following pi/2 BPSK DMRS sequence design based on gold sequences.
Step 1) Generate a set of gold sequences with length  where each gold sequence associated with different initial conditions or different primitive polynomials, and modulate by BPSK.
Step 2) Truncate or cyclically extend the gold sequences to the number of allocated tones.
Step 3) Phase Rotation by pi/2.
Step 4) Modulate by DFT-s-OFDM with a proper filtering.
Step 5) Down select sequences based on auto/cross-correlation, frequency domain flatness, and PAPR properties.

[image: ]
Gold Sequence based Reference Signal Generation for pi/2 BPSK with Filtering
The above figure gives a pictorial description of Step (1)-(5), the processing for each gold sequence. The gold sequences are first extended or truncated to fit to the desired number of tones. To introduce pi/2 BPSK modulation without changing frequency domain properties, we introduce pi/2 rotation to each sequence. Finally, each sequence is modulated by DFT-s-OFDM with filtering.

[image: ][image: ][image: ]
a)													b) 												c)
[bookmark: _Ref492903667]a) Auto-correlation of a truncated gold sequence with length 98 (127 truncated by 29). b) Frequency domain amplitude of a truncated gold sequence with length 98 (127 truncated by 29). PAPR of 98 truncated gold sequences with length 98 (127 truncated by 29), DFT-s-OFDM modulation, and [0.28,1,0.28] filtering.
The above figures show auto-correlation, frequency domain flatness, and PAPR of the proposed DMRS sequences for pi/2 BPSK modulation. As shown above, even the cyclically-extended gold sequences have low-auto-correlation property. The above figure (b) shows the corresponding frequency domain amplitude is relatively flat. The above figure (c) shows that all the DMRS sequences generated by the proposed procedure has low PAPR compatible to that of pi/2 BPSK modulated symbols with filtering. 
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Pi/2 BPSK performance with Chu and Gold-Sequence-based DMRS with realistic estimation for AWGN
[image: ][image: ]
Pi/2 BPSK performance with Chu and Gold-Sequence-based DMRS with realistic estimation for TDL-C 300 nsec
The above figures show the Pi/2 BPSK performance with different DMRS sequences. The chu-sequence based DMRS sequences have frequency domain flatness, but as discussed above, at least 1 dB higher PAPR than pi/2 BPSK signals. The proposed gold-sequence based DMRS sequences have frequency domain fluctuation, but have the same PAPR as pi/2 BPSK signals. The above figures show that in spite of the frequency domain fluctuation, the link level performances between two DMRS sequences are almost equivalent regardless of MCS, the number of allocated tones, the number of DMRS symbols, and channel models. 
Therefore, based on the above observations, we have the following proposal.
[bookmark: _Hlk498701711]Proposal 16: NR supports new DMRS sequence designed for Pi/2 BPSK modulation: pre-DFT-s gold-sequence-based Pi/2 BPSK DMRS.
For small RB allocation, instead of Gold-sequence, computer-generate Pi/2 BPSK sequences can further improve the performance. 
[image: ]
Pi/2 BPSK performance with Chu and CGS Pi/2 BPSK DMRS with realistic estimation for AWGN
The above figure shows the Pi/2 BPSK performance with Chu-Sequence-based DMRS and CGS-based Pi/2 BPSK DMRS sequences. The link level performances between two DMRS sequences are essentially equivalent regardless of MCS and the number of DMRS symbols. Furthermore, CGS-based Pi/2 BPSK DMRS signal at least 1 dB lower PAPR than Chu-Sequence-based DMRS. A list of CGS sequences for length 12, 18, 24 is shown in the below tables. The binary sequences in the tables are modulated to Pi/2 BPSK sequences according to the following equation.

For the PAPR computation, FDSS which corresponds to [0.28,1,0.28] in time domain is applied.
Table 10: A set of length-12 CGSs for Pi/2 BPSK DMRS
	Index
	Sequence
	PAPR(dB)

	0
	0     1     0     0     1     0     0     1     0     0     0     0
	1.1677

	1
	0     1     1     0     1     0     0     1     0     0     0     0
	1.0581

	2
	0     1     0     1     1     0     0     1     0     0     0     0
	1.2866

	3
	0     1     1     0     0     1     0     1     0     0     0     0
	1.3356

	4
	0     1     0     0     1     1     0     1     0     0     0     0
	1.2867

	5
	0     1     1     0     1     1     0     1     0     0     0     0
	1.0842

	6
	0     1     0     1     0     0     1     1     0     0     0     0
	1.3356

	7
	0     1     0     0     1     0     1     1     0     0     0     0
	1.0580

	8
	0     1     1     0     1     0     1     1     0     0     0     0
	1.0594

	9
	0     1     0     1     1     0     1     1     0     0     0     0
	1.0842

	10
	0     1     0     0     1     0     0     0     1     0     0     0
	1.6005

	11
	0     1     1     0     1     0     0     0     1     0     0     0
	1.4631

	12
	0     1     0     1     1     0     0     0     1     0     0     0
	1.4965

	13
	0     1     0     0     0     1     0     0     1     0     0     0
	1.6005

	14
	0     1     1     1     0     1     0     0     1     0     0     0
	1.4272

	15
	0     1     0     1     1     1     0     0     1     0     0     0
	1.6134

	16
	0     1     1     0     0     0     1     0     1     0     0     0
	1.6921

	17
	0     1     1     1     0     0     1     0     1     0     0     0
	1.4948

	18
	0     1     1     1     0     1     1     0     1     0     0     0
	1.6278

	19
	0     1     0     0     1     1     1     0     1     0     0     0
	1.6134

	20
	0     1     1     0     1     1     1     0     1     0     0     0
	1.4597

	21
	0     1     0     1     0     0     0     1     1     0     0     0
	1.6921

	22
	0     1     0     0     0     1     0     1     1     0     0     0
	1.4631

	23
	0     1     0     1     1     1     0     1     1     0     0     0
	1.4597

	24
	0     1     0     1     0     0     1     1     1     0     0     0
	1.4948

	25
	0     1     0     0     1     0     1     1     1     0     0     0
	1.4272

	26
	0     1     1     0     1     0     1     1     1     0     0     0
	1.0580

	27
	0     1     0     1     1     0     1     1     1     0     0     0
	1.6278

	28
	0     1     0     0     0     1     0     0     0     1     0     0
	1.6217

	29
	0     1     1     1     0     0     0     1     0     1     0     0
	1.5528



Table 11: A set of length-18 CGSs for Pi/2 BPSK DMRS
	Index
	Sequence
	PAPR(dB)

	0
	     0     1     0     1     1     1     0     1     0     0     1     1     0     0     0     0     0     0
	    0.8230

	1
	     0     1     0     1     1     1     0     0     1     0     1     1     0     0     0     0     0     0
	    0.9184

	2
	     0     0     1     0     1     1     0     0     0     1     0     1     0     0     0     0     0     0
	    0.9185

	3
	     0     0     0     1     0     1     1     0     0     1     0     1     0     0     0     0     0     0
	    0.9623

	4
	     0     0     1     0     1     1     1     0     1     0     1     1     0     0     0     0     0     0
	    1.0099

	5
	     0     1     0     0     1     1     0     1     0     1     1     1     0     0     0     0     0     0
	    1.0526

	6
	     0     0     0     1     0     1     0     0     1     1     0     1     0     0     0     0     0     0
	    1.0526

	7
	     0     0     1     0     1     0     0     0     1     1     0     1     0     0     0     0     0     0
	    1.0545

	8
	     0     1     0     0     0     1     0     1     1     0     0     0     1     0     0     0     0     0
	    1.0791

	9
	     0     0     1     0     1     0     1     1     0     0     0     0     1     0     0     0     0     0
	    1.1107

	10
	     0     0     0     1     0     1     0     0     1     0     0     0     1     0     0     0     0     0
	    1.1162

	11
	     0     1     0     1     0     0     1     1     0     0     0     0     1     0     0     0     0     0
	    1.1701

	12
	     0     1     0     0     0     1     1     0     1     0     1     1     0     0     0     0     0     0
	    1.2032

	13
	     0     0     1     1     0     1     0     1     1     0     0     0     1     0     0     0     0     0
	    1.2341

	14
	     0     0     1     0     1     0     1     0     0     1     1     0     0     0     0     0     0     0
	    1.2344

	15
	     0     1     0     1     1     0     0     0     1     1     0     1     0     0     0     0     0     0
	    1.2453

	16
	     0     1     0     0     1     1     1     0     0     1     0     1     0     0     0     0     0     0
	    1.2453

	17
	     0     0     1     1     1     0     1     0     0     1     0     1     0     0     0     0     0     0
	    1.3035

	18
	     0     1     0     1     1     0     1     0     0     0     1     1     0     0     0     0     0     0
	    1.3035

	19
	     0     1     1     0     0     1     0     1     0     1     1     1     0     0     0     0     0     0
	    1.3481

	20
	     0     0     0     1     0     1     0     1     1     0     1     1     0     0     0     0     0     0
	    1.3672

	21
	     0     0     0     1     1     0     1     0     1     0     0     1     0     0     0     0     0     0
	    1.4060

	22
	     0     1     0     1     0     0     1     1     0     1     1     1     0     0     0     0     0     0
	    1.4599

	23
	     0     0     1     0     1     0     1     1     0     0     1     1     0     0     0     0     0     0
	    1.4621

	24
	     0     1     0     1     0     0     0     1     1     0     1     1     0     0     0     0     0     0
	    1.4638

	25
	     0     0     1     0     1     0     1     1     1     0     0     1     0     0     0     0     0     0
	    1.4835

	26
	     0     1     0     1     0     0     1     1     1     0     0     1     0     0     0     0     0     0
	    1.5357

	27
	     0     1     1     0     0     0     1     1     0     1     0     1     0     0     0     0     0     0
	    1.5357

	28
	     0     0     0     1     1     0     1     1     0     1     0     1     0     0     0     0     0     0
	    1.5576

	29
	     0     1     1     1     0     0     1     0     1     0     1     1     0     0     0     0     0     0
	    1.5676



Table 12: A set of length-24 CGSs for Pi/2 BPSK DMRS
	Index
	Sequence
	PAPR(dB)

	0
	     0     1     1     0     1     0     0     1     1     0     0     1     1     1     1     0     1     0     1     0     0     0     0     0
	    0.9889

	1
	     0     1     1     1     0     1     0     1     1     0     0     1     1     1     0     1     1     0     1     0     0     0     0     0
	    0.9937

	2
	     0     1     1     1     1     0     1     0     1     1     0     0     1     1     0     0     1     0     1     0     0     0     0     0
	    1.0258

	3
	     0     1     0     1     1     0     0     0     0     1     0     1     0     1     1     0     0     1     1     0     0     0     0     0
	    1.0318

	4
	     0     1     1     0     0     1     1     0     1     0     1     0     0     0     0     1     1     0     1     0     0     0     0     0
	    1.0320

	5
	     0     0     1     1     1     0     0     1     0     1     1     0     0     1     1     0     1     0     1     0     0     0     0     0
	    1.1259

	6
	     0     1     0     1     0     0     1     0     0     0     1     1     0     0     1     0     1     1     1     0     0     0     0     0
	    1.1518

	7
	     0     1     1     1     0     1     0     0     1     0     0     0     1     1     0     0     1     0     1     0     0     0     0     0
	    1.1599

	8
	     0     1     1     0     1     0     1     1     1     0     1     1     1     0     0     1     0     1     1     0     0     0     0     0
	    1.1960

	9
	     0     1     1     0     1     0     0     1     1     1     0     1     1     1     0     1     0     1     1     0     0     0     0     0
	    1.1961

	10
	     0     1     1     1     0     1     0     1     1     0     0     1     0     1     1     0     0     0     1     0     0     0     0     0
	    1.2259

	11
	     0     1     1     0     0     1     1     0     1     0     0     1     0     1     0     1     1     1     0     0     0     0     0     0
	    1.2446

	12
	     0     1     1     0     0     1     0     1     1     1     0     0     1     0     1     0     1     1     0     0     0     0     0     0
	    1.2590

	13
	     0     1     1     0     1     0     1     1     0     0     1     0     1     1     1     0     0     0     1     0     0     0     0     0
	    1.2913

	14
	     0     1     1     0     0     0     1     0     0     1     0     1     1     1     0     1     0     1     1     0     0     0     0     0
	    1.3147

	15
	     0     1     0     1     0     1     1     0     0     1     0     1     1     0     0     1     1     1     0     0     0     0     0     0
	    1.3432

	16
	     0     1     1     0     0     1     0     1     1     1     1     0     1     1     0     0     0     1     0     1     0     0     0     0
	    1.3573

	17
	     0     1     0     0     1     0     1     0     0     0     1     1     1     0     1     0     0     1     1     0     0     0     0     0
	    1.3816

	18
	     0     1     1     0     0     1     0     1     1     1     0     0     0     1     0     1     0     0     1     0     0     0     0     0
	    1.3817

	19
	     0     1     0     0     1     1     0     1     0     1     1     0     0     0     1     1     1     0     1     0     0     0     0     0
	    1.3894

	20
	     0     1     0     1     1     0     0     1     1     0     1     0     1     0     0     1     1     1     0     0     0     0     0     0
	    1.3998

	21
	     0     1     1     0     0     0     1     0     1     0     0     1     0     0     0     1     0     1     1     0     0     0     0     0
	    1.4178

	22
	     0     1     1     0     0     1     0     1     1     1     1     0     0     1     1     0     1     0     1     0     0     0     0     0
	    1.4335

	23
	     0     1     1     0     1     0     0     0     1     0     0     0     1     1     0     1     0     1     1     0     0     0     0     0
	    1.4496

	24
	     0     1     1     1     0     0     1     0     0     1     0     1     0     1     1     1     0     0     1     0     0     0     0     0
	    1.4513

	25
	     0     1     1     1     1     0     1     1     0     1     0     1     0     1     1     0     0     1     1     0     0     0     0     0
	    1.4530

	26
	     0     1     1     0     0     1     1     1     1     0     0     1     0     0     1     0     1     0     1     0     0     0     0     0
	    1.4706

	27
	     0     1     1     0     0     0     0     1     1     0     1     0     1     0     1     1     0     0     1     0     0     0     0     0
	    1.4841

	28
	     0     1     0     1     1     1     1     0     0     1     1     0     0     1     0     1     0     1     1     0     0     0     0     0
	    1.4885

	29
	     0     1     1     1     0     0     1     0     0     1     0     1     0     1     0     0     1     1     0     0     0     0     0     0
	    1.4958



Table 13: PAPR performance of the proposed Pi/2 BPSK DMRS
	
	Length 12
Pi/2 BPSK DMRS

	Length 18
Pi/2 BPSK DMRS

	Length 24
Pi/2 BPSK DMRS


	Mean PAPR (dB)
	1.1033
	1.1840
	1.2878

	Max. PAPR
	1.3874
	1.5274
	1.4958

	Min. PAPR
	0.7532
	0.7575
	0.9889



On the topic of DMRS design for Pi/2 BPSK, another important aspect is deciding the number of DMRS symbols per slot. Since the Pi/2 BPSK normally targeting UL transmission with very low SNR (for coverage enhancement), one DMRS symbol may not be enough to provide channel estimation with good enough quality. Multiple DMRS symbols may be needed depends on operating SNR region. As shown in the below three figures, to deliver a given size TB with smallest TBER, the number of DMRS symbols increases with lower SNR. 
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[bookmark: _Ref492590330]Pi/2 BPSK performance in low, medium, and high SNR region
DMRS Position for PUSCH
Position of front-load DMRS for PUSCH
In RAN1 86bis, in has been agreed that self-contained slots (K2=0) should be supported at least for some UEs, where UE need to decode UL grant in PDCCH and transmit UL PUSCH in the same slot. That means that we need enough processing time between PDCCH and PUSCH. Front-loaded UL DMRS can be beneficial to this timeline. Figure 1 shows the front-loaded UL DMRS pattern for self-contained slot. Regardless of DL control duration, UL DMRS is always located at the beginning of UL burst. Front-loaded DMRS can provide an additional processing time to decode UL grant and synthesize PUSCH waveforms.
Since DMRS has a comb structure, the unused tones in the frontloaded DMRS can be potentially used for data transmission. However, for slots with self-contained grant, UE may not have enough timeline to generate transmit data for the frontloaded DMRS symbol. Therefore, we propose the following which prevent to send data on the frontloaded DMRS.
[bookmark: _Hlk498701726]Proposal 17: For slot-based scheduling/transmission, in PUSCH the first symbol with respect to the data is configured for scenarios where the signaled PUSCH starting position is the Xth symbol of the slot with X>1. For non-slot-based scheduling/transmission, only the first symbol with respect to the scheduled PUSCH data is allowed.
Additional DMRS for PUSCH without hop
The position of additional DMRS for PUSCH should be defined with respect to the first DMRS which is in a fixed position with respect to the start of the PUSCH. We propose NR to support the 1-additional DMRS such that:
· more than 2-symbol extrapolation of the channel estimate is avoided,
· the location of additional DMRS depends on the last PUSCH symbol, as it was the case with PDSCH
· The location is such that if the front-load DMRS of PDSCH is in the 4th symbol, the UL and DL DMRS are configured  on the same symbols.

[bookmark: _Hlk498701737]Proposal 18:  For the PUSCH without a hop, with 1-symbol front-load DMRS on the first symbol of PUSCH
· one 1-symbol additional DMRS can be configured on the 5th, 7th, 9th, 11th symbol starting counting from the front-load DMRS. The one additional DMRS can be configured in the
· 11th symbol for a PUSCH spanning 12 to 14 symbols
· 9th symbol for a PUSCH spanning 10 to 11 symbols
· 7th symbol for a PUSCH spanning 8 to 9 symbols
· 5th symbol for a PUSCH spanning 5 to 7 symbols
· Two 1-symbol additional DMRS can be configured on the 4th, 5th, 6th symbol when the last DMRS symbol is configured the 7th, 9th, 11th symbol respectively, starting counting from the front-load DMRS.
· Three 1-symbol additional DMRS can be configured on the 5th, 8th, 12th for a PUSCH spanning 12 to 14 symbols, starting counting from the front-load DMRS.

[image: ] [image: ] [image: ]
Additional DMRS positions for PUSCH without a hop

[bookmark: _Hlk498701755]Proposal 19: For the PUSCH without a hop, with 2-symbol front-load DMRS starting on the first symbol of PUSCH, one 2-symbol additional DMRS can be configured on symbols
· {10th, 11th} symbols for a PUSCH spanning 12 to 14 symbols 
· {8th, 9th} symbols for a PUSCH spanning 10 to 11 symbols
· {6th , 7th} symbols for a PUSCH spanning 8 to 9 symbols
[image: ]
Additional DMRS for PUSCH with a hop
For a PUSCH with a hop, it has been agreed that up to one hop could exist inside the PUSCH. It is clear that each hop should have at least the front-load DMRS. Yet, for 2-symbol front-load, there is no need of configuring an additional DMRS, due to the large overhead that this would entail (8 total symbols in a slot). For the 1-symbol front-load, we propose to have additional DMRS on the same location as the 7-symbol mini-slot case, i.e, the 5th symbol starting counting from the front-load DMRS of the corresponding hop.
[bookmark: _Hlk498701768]Proposal 20: For the PUSCH with a hop, 
· with 1-symbol front-load DMRS on the first symbol of PUSCH of each hop, one 1-symbol additional DMRS can be configured in each hop on the 5th symbol starting counting from the front-load DMRS of the corresponding hop
· with 2-symbol front-load DMRS, no additional DMRS can be configured
[image: ]
DMRS for broadcast/multicast PDSCH/PUSCH & before RRC

[bookmark: _Hlk498701777]Proposal 21: Confirm working assumption on using configuration type 1 for Broadcast/multicast PDSCH DMRS and extend this to PDSCH/PUSCH before RRC configuration.
· For slot-based scheduling, for the DMRS pattern of broadcast/multicast PDSCH 2 additional DMRS are configured with the location following the locations of the unicast PDSCH based on the last PDSCH symbol signaled in the DCI.
· For 2/4-non-slot-based scheduling, one-symbol configuration type 1 is used
· For 7-non-slot-based scheduling, one-symbol configuration type 1 is used with one additional DMRS is always configured on the same location as the unicast PDSCH transmission. 
· The same locations and configuration type is used for PUSCH slot-based and non-slot-based scheduling.
Conclusions
Proposal 1: The PDSCH/DMRS EPRE ratio is defined per transmitted layer from UE perspective. It is a function of the number of CDM groups that do not contain data from UE perspective. Specifically, 

We propose to add a column in the DMRS table according to the above principles.
Proposal 2: We support the following DMRS port indexing for 2 symbols and configuration 1 and 2 respectively. (Same as latest endorsed R1-1720850 38.211 spec).
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	1000
	0
	+1
	+1
	+1
	+1

	1001
	0
	+1
	-1
	+1
	+1

	1002
	1
	+1
	+1
	+1
	+1

	1003
	1
	+1
	-1
	+1
	+1

	1004
	0
	+1
	+1
	+1
	-1

	1005
	0
	+1
	-1
	+1
	-1

	1006
	1
	+1
	+1
	+1
	-1

	1007
	1
	+1
	-1
	+1
	-1
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	1000
	0
	+1
	+1
	+1
	+1

	1001
	0
	+1
	-1
	+1
	+1

	1002
	2
	+1
	+1
	+1
	+1

	1003
	2
	+1
	-1
	+1
	+1

	1004
	4
	+1
	+1
	+1
	+1

	1005
	4
	+1
	-1
	+1
	+1

	1006
	0
	+1
	+1
	+1
	-1

	1007
	0
	+1
	-1
	+1
	-1

	1008
	2
	+1
	+1
	+1
	-1

	1009
	2
	+1
	-1
	+1
	-1

	1010
	4
	+1
	+1
	+1
	-1

	1011
	4
	+1
	-1
	+1
	-1



Proposal 3: The DMRS port indication table for DL should contain some information related to the presence of co-scheduled downlink DMRS port(s) within the assigned downlink DMRS CDM group.

Proposal 4: In MU-MIMO, different UEs are first multiplexed using ports across CDM groups, and then, if all CDM groups are active, different UEs can be multiplexed inside the same CDM group. 

Observation 1: In SU-MIMO and 2 symbol front-load DMRS with data FDM on the DMRS symbols it has similar performance to the case of SU-MIMO and 1 symbol front-load DMRS. 

Proposal 5: In SU-MIMO and 2 symbol front-load DMRS transmission with data FDMed on the DMRS symbols is not supported.

Proposal 6: From UE perspective, when PTRS is not transmitted, a UE is expected to be scheduled with rank 4 (SU or MU) only with a port combination with TD-OCC({1,1}, {1,-1}). 

Proposal 7: Support the DMRS port indication table in page 4 for DL for config-1 with max-FL-symbols equals to 2. For max-FL-symbols equals to 1 support only the first 13 rows of the table. 

Proposal 8: Support the DMRS port indication table in page 5 for DL for config-2 with max-FL-symbols equals to 2. For max-FL-symbols equals to 1 support only the first 16 rows of the table. 

Proposal 9: NR supports configuring, by dedicated RRC signaling, to a UE a subset of a DMRS port-indication table.
Proposal 10: In Rel-15 MU-MIMO, unless otherwise configured, the UE may assume that the resource allocation of serving and co-scheduled ports is happening with a 2-PRB granularity which is aligned with the common RBG wideband grid.

Proposal 11:  For collision handling of DMRS with SS-block, in Rel-15 support the following: 
· PRG-aligned DMRS puncturing when DMRS collides with SS-block. 
· In scenarios where not all DMRS symbols collide with SS-block, the same PRG-aligned DMRS puncturing occurs in all DMRS symbols.
· PRB-based rate matching of the PDSCH channel.
· The PDSCH channel is rate matched such that all PRBs with non-punctured DMRS contained also PDSCH

Proposal 12: DMRS PN sequence is the length-31 Gold sequence (same as LTE).
Proposal 13: Initialization of the PN generator c(i) for each symbol carrying DMRS is as follows
· 
· If no scrambling ID is configured, then physical cell ID is used
· The value of  is 0, unless specified otherwise

Proposal 14: For PUSCH with DFT-S-OFDM waveform and modulation order > BPSK, NR reuses the Rel-13 ZC sequences for comb-2 and more than 5 PRBs transmission BW.
· Note: The RS in two TD-OCCed symbols will use the symbol index of the 1st symbol.  

Proposal 15: Support the new sets of length-6, length-18, and length-30 CGSs listed in Table 1, Table 4, and Table 7, respectively.
Proposal 16: NR supports new DMRS sequence designed for Pi/2 BPSK modulation: pre-DFT-s gold-sequence-based Pi/2 BPSK DMRS.
Proposal 17: For slot-based scheduling/transmission, in PUSCH the first symbol with respect to the data is configured for scenarios where the signaled PUSCH starting position is the Xth symbol of the slot with X>1. For non-slot-based scheduling/transmission, only the first symbol with respect to the scheduled PUSCH data is allowed.
Proposal 18:  For the PUSCH without a hop, with 1-symbol front-load DMRS on the first symbol of PUSCH
· one 1-symbol additional DMRS can be configured on the 5th, 7th, 9th, 11th symbol starting counting from the front-load DMRS. The one additional DMRS can be configured in the
· 11th symbol for a PUSCH spanning 12 to 14 symbols
· 9th symbol for a PUSCH spanning 10 to 11 symbols
· 7th symbol for a PUSCH spanning 8 to 9 symbols
· 5th symbol for a PUSCH spanning 5 to 7 symbols
· Two 1-symbol additional DMRS can be configured on the 4th, 5th, 6th symbol when the last DMRS symbol is configured the 7th, 9th, 11th symbol respectively, starting counting from the front-load DMRS.
· Three 1-symbol additional DMRS can be configured on the 5th, 8th, 12th for a PUSCH spanning 12 to 14 symbols, starting counting from the front-load DMRS.

Proposal 19: For the PUSCH without a hop, with 2-symbol front-load DMRS starting on the first symbol of PUSCH, one 2-symbol additional DMRS can be configured on symbols
· {10th, 11th} symbols for a PUSCH spanning 12 to 14 symbols 
· {8th, 9th} symbols for a PUSCH spanning 10 to 11 symbols
· {6th , 7th} symbols for a PUSCH spanning 8 to 9 symbols

Proposal 20: For the PUSCH with a hop, 
· with 1-symbol front-load DMRS on the first symbol of PUSCH of each hop, one 1-symbol additional DMRS can be configured in each hop on the 5th symbol starting counting from the front-load DMRS of the corresponding hop
· with 2-symbol front-load DMRS, no additional DMRS can be configured

Proposal 21: Confirm working assumption on using configuration type 1 for Broadcast/multicast PDSCH DMRS and extend this to PDSCH/PUSCH before RRC configuration.
· For slot-based scheduling, for the DMRS pattern of broadcast/multicast PDSCH 2 additional DMRS are configured with the location following the locations of the unicast PDSCH based on the last PDSCH symbol signaled in the DCI.
· For 2/4-non-slot-based scheduling, one-symbol configuration type 1 is used
· For 7-non-slot-based scheduling, one-symbol configuration type 1 is used with one additional DMRS is always configured on the same location as the unicast PDSCH transmission. 
· The same locations and configuration type is used for PUSCH slot-based and non-slot-based scheduling.
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Appendix (Agreements from RAN1#90)
[bookmark: _Hlk498692435]Agreement:
For slot-based scheduling, for PDSCH, for the 2-symbol front-load DMRS, the 2-symbol additional DMRS symbol is configured in
· the {9th-10th} symbol 
for PDSCH spanning to the 10th or 11th or 12th symbol of the slot
· the {11th-12th} symbol 
for PDSCH spanning to the 13th or 14th symbol of the slot
[image: ]       [image: ]

Agreement:
For the 2-symbol non-slot based scheduling, no additional DMRS can be configured
For the 4-symbol non-slot based scheduling, no additional DMRS can be configured
For the 7-symbol non-slot based scheduling, one additional DMRS can be configured
FFS: Location of the front-loaded DMRS  

Agreements:
For the higher layer signaling related to DMRS:
         A UE may be configured with a number of additional DMRS  which may be different for slot-based and non-slot-based transmission/scheduling and may be different for DL and UL.
         A UE, in DL or UL, may be configured with the same or different DMRS configuration type for slot-based and non-slot-based transmission/scheduling
o    It will be further discussed in RAN1#91 if and when a UE expects to be configured with the same DMRS configuration type for slot-based  and non-slot-based transmission/scheduling (e.g., scenarios with concurrent slot/non-slot-based). 
o    It will be further discussed in RAN1#91 if configuration type is fixed to be type 2 in case of 2 or 4 symbols non-slot-based transmission/scheduling. 
         A UE may be configured with configuration type which may be different for DL and UL.
         A UE  in DL may be configured with UE-specific scrambling ID(s) which will be used for PN sequence initialization of PDSCH’s DMRS which is the same for both slot-based and non-slot-based transmission/scheduling. 
o   	 It will be further discussed in RAN1#91 whether one or multiple scrambling ID(s) may be configured.
         A UE  in UL CP-OFDM may be configured with UE-specific scrambling ID(s) which will be used for PN sequence initialization of PUSCH’s DMRS which is the same for both slot-based and non-slot-based transmission/scheduling. 
o    It will be further discussed in RAN1#91 whether one or multiple scrambling ID(s) may be configured.
         A UE for the PUSCH’s DMRS for DFT-S-OFDM may be configured with a UE-specific parameter (UL-DMRS-Identity-Transform-precoding) used for sequence initialization which is the same for both slot-based and non-slot-based transmission/scheduling.
         At least for slot-based transmission/scheduling, a UE may be configured with the maximum number of front-load DMRS symbol which may be different for DL and UL. 
o    It will be further discussed in RAN1#91  whether the above applies also for non-slot-based transmission/scheduling. 
· When a UE is configured with a  maximum number of 1 symbol for front-load DMRS (DL-DMRS-max-len=1), the UE may be configured with DL-DMRS-add-pos={0,1,2,3}. When UE is configured with a  maximum number of 2 symbols front-load DMRS (DL-DMRS-max-len=2), the UE may be configured with DL-DMRS-add-pos. 
· It will be further discussed in RAN1#91 the allowable number of additional DMRS when DL-DMRS-max-len=2 and the UE is dynamically scheduled with 1-symbol for front-load DMRS.
         Keep the “dmrs-group” RRC parameters as placeholder until discussions on how to specify the RRC signaling and configuration of DMRS groups are concluded.
         It will be further discussed in RAN1#91 whether a new RRC parameter is needed to be introduced which enables DMRS port table restriction or subset selection for both DL and UL.
· It will be further discussed in RAN1#91, the relation between PDSCH (or PUSCH) mapping type, associated DMRS parameters, PDSCH (or PUSCH) starting symbol and PDSCH (or PUSCH) duration, any signaling (if needed)  for configuration (if needed) of slot-based and non-slot-based.
Agreement:
For the location of the first position of front-load DMRS for PUSCH without frequency hopping, support at least the following:
The first OFDM symbol with respect to the scheduled data contains the first symbol of front-load UL DMRS 
Study further when this is applied; E.g., in case of a mixed DL/UL slot from network perspective, or for PUSCH starting from the Xth symbol with X>1, etc.
The 3rd or 4th symbol of the slot contains the first symbol of front-load DMRS 
At least same location for UL and DL is supported
· Study further whether the first position of front-load DMRS for PUSCH can be different than the first position of front-load DMRS for PDSCH.
Study further when this is applied. E.g., in case of a UL only slot from network perspective, or for PUSCH starting the 1st symbol, etc.
FFS: Further restrictions (if any) of FDMing DMRS and PUSCH due to UE processing timeline
Agreement:
For the PUSCH without a hop when the first symbol of the front-load DMRS is located in the 3rd or 4th symbol of the slot
· reuse DL DMRS locations for UL DMRS with respect to the additional DMRS symbols and reuse the scenarios they are applied with respect to the last PUSCH symbol.
· Note: This applies to both NCP and ECP whenever applicable. 
For RAN1#91: Study further until next meeting whether NR should support in addition to a comb-2 DMRS structure, a DMRS structure with RPF=1 for DFT-s-OFDM.
Agreement:
Any configured DMRS port indication table supports SU-MIMO scheduling.
The maximum number of ports per UE in SU-MIMO
· DMRS configuration type 1 with 1-symbol DMRS
· 4 for DL, 4 for UL
· DMRS configuration type 1 with 2-symbol DMRS
· 8 for DL, 4 for UL
· DMRS configuration type 2 with 1-symbol DMRS
· 6 for DL, 4 for UL
· DMRS configuration type 2 with 2-symbol DMRS
· 8 for DL, 4 for UL
Agreement:
The maximum number of orthogonal ports per UE in MU-MIMO for
· DMRS configuration type 1 with 1-symbol DMRS
· 2 for DL
· DMRS configuration type 1 with 2-symbol DMRS
· 4 for DL
· DMRS configuration type 2 with 1-symbol DMRS
· 4 for DL
· DMRS configuration type 2 with 2-symbol DMRS
· 4 for DL

Agreement:
For the PN sequence for CP-OFDM, QPSK modulated DMRS is derived from the 
· Alt. 1: length-31 Gold sequence (as in LTE)
· Alt. 2: length-63 Gold sequence
Agreement:
A UE is configured for the number of front-load DMRS symbols for PUSCH and PDSCH DMRS with the following signaling method:
· The maximum number is configured with higher-layer signaling and the actual number with DCI using DMRS-table-based indication
Agreement:
At least the following information is included in DCI as part of downlink DMRS port assignment:
· Scheduled downlink DMRS ports
· Potential presence of co-scheduled downlink DMRS CDM groups for rate matching
· FFS: Whether the presence of co-scheduled downlink DMRS port(s) within the assigned downlink DMRS CDM group is supported or not
· There are no dedicated bits for rate matching around DMRS CDM group(s)
At least the following information is included in DCI as part of uplink DMRS port assignment for CP-OFDM:
· Scheduled uplink DMRS ports
· Uplink DMRS CDM groups for rate matching
· There are no dedicated bits for rate matching around DMRS CDM group(s)
Agreement
A UE in MU-MIMO should be scheduled ports first within a specific CDM group, and then across CDM groups from UE perspective 
· The ports within the same CDM group should be QCL-ed 
· The above applies for the case of single TRP
Agreement: 
· For DMRS for DFT-s-OFDM PUSCH with a hop, at least one DMRS symbol is included in each hop.
· For DMRS for DFT-s-OFDM PUSCH with a hop, at least support the first DMRS of the 2nd hop to be located on the first symbol of the PUSCH within that hop.
· FFS: another case for the location first DMRS of the 2nd hop in cases of collision with reserved resources on the uplink.
Agreement:
For DMRS for DFT-s-OFDM PUSCH with a hop, support first DMRS of the 1st hop to be located on the
· The first OFDM symbol with respect to the scheduled data contains the first symbol of front-load UL DMRS 
· Study further when this is applied; E.g., in case of a mixed DL/UL slot from network perspective, or for PUSCH starting from the Xth symbol with X>1, etc.
· FFS: The 3rd or 4th symbol of the slot contains the first symbol of front-load DMRS for the 1st hop
· At least same location for UL and DL is supported
· Study further whether the first position of front-load DMRS for PUSCH can be different than the first position of front-load DMRS for PDSCH.
· Study further when this is applied. E.g., in case of a UL only slot from network perspective, or for PUSCH starting the 1st symbol, etc
· FFS: another case for the location first DMRS of the 1st hop in cases of collision with reserved resources on the uplink.
Agreement:
· In Rel. 15, at least for PDSCH, a UE is not expected to assume co-scheduled MU-UE(s) with different DMRS configuration with respect to the followings:
· The actual number of front-loaded DMRS symbol(s)
· The number of additional DMRS
· The DMRS symbol location 
· DMRS  configuration type.
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Starting position of DMRS is:
- OFDM symbol 2 for system bandwidth > X
- OFDM symbol 3 for system BW < X X is TBD. 
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Starting position of DMRS is:
- OFDM symbol 2 for system bandwidth > X
- OFDM symbol 3 for system BW < X X is TBD. 
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