
3GPP TSG RAN WG1 Ad-Hoc Meeting 1901		R1-1900140
Taipei, 21st – 25th January, 2019

Source:	vivo
[bookmark: Title]Title:	Discussion on remaining issues low PAPR RS
[bookmark: Source]Agenda Item:	7.2.8.5
[bookmark: DocumentFor]Document for:	Discussion and Decision
1. [bookmark: OLE_LINK14][bookmark: OLE_LINK13]Introduction
In RAN #95 meeting, the following agreements are achieved on low PAPR RS [1].
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
· 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
· For the next meeting:
· CSI-RS PAPR reduction
· Whether to specify a solution to reduce the PAPR to the same level as for data symbols for all CSI-RS configurations given by 38.211
· 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

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
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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.

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, downselect next meeting between Alt. 1 and 2 

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

In this contribution, we present our views on DMRS configuration, CGS for DMRS for PI/2 BPSK modulation, and power imbalance issues for Rel-16 DMRS enhancement.
1. On NR Rel-16 DMRS configuration
In NR Rel-15, maximum two DMRS scrambling IDs can be configured by RRC signaling, and the actual transmission applied DMRS scrambling ID is dynamically indicated by DMRS sequence initialization field within DCI. That means only one DMRS scrambling ID shall be applied for all CDM groups in NR Rel-15 when 2 or 3 CDM groups are used, this will lead to DMRS PAPR higher than data channel. To reduce DMRS PAPR in such cases, two DMRS scrambling IDs shall be used for different CDM groups in NR Rel-16. In addition, it should be clarified that Rel-16 DMRS sequence only can be used when more than one DMRS scrambling ID is configured.
Regarding to the configuration of DMRS scrambling ID in NR Rel-16, since gNB can switch between Rel-15 and Rel-16 DMRS sequence by RRC reconfiguration, there is no need to additionally introduce DCI dynamically indicating. For MU-MIMO or multi-TRP transmission purpose, gNB should prevent multiplexing Rel-15 and Rel-16 DMRS sequence in a same CDM group when 2 or 3 CDM groups are used. From the perspective of UE implementation, system complexity and instability will increase if dynamically switch between Rel-15 and Rel-16 DMRS sequence is agreed. 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Proposal 1:
· RRC signaling to configure the use of R.15 or R.16 sequence for 2nd and 3rd CDM group is supported.
1. On CGS for DMRS for PI/2 BPSK modulation
For PAPR reduction for DMRS for PI/2 BPSK modulation, it was agreed Gold-sequence shall be used when DMRS sequence length is equal to 30 or larger. For DMRS sequence length less than 30, CGS shall be used, but the detail of CGS has not determined yet. According to previous agreements, the metric of CGS search should consider the following aspects,
· Autocorrelation shift property
· PAPR based on FDSS filter
· Cross correlation property
· [bookmark: _GoBack]Frequency domain flatness
· SINR to BLER
According to the simulation assumptions in Appendix I, link level evaluation results for CGS length equal to 12, 18 and 24 in [2] are depicted in following Table 1, 2 and 3 respectively. For frequency domain flatness evaluation, the minimum RE power after transform precoding is evaluated in this contribution. From the evaluation results, we can observe that PAPR, cross correlation and frequency domain flatness properties are suboptimal for a few of CGSs. In addition, for DMRS sequence length equal to 6, if only use 0 or 1 for CGS search, some metrics is also bad due to the restriction of DMRS sequence length.
Table 1. Proposed CGSs in [2] for DMRS sequence length equal to 12
	Index
	CGS-12 in [2]
	Auto correlation shift mean
	PAPR(dB)
	Cross correlation mean
	Frequency flatness
	BLER
(SINR=-6dB)

	0
	0
	1
	1
	1
	1
	1
	1
	0
	0
	0
	1
	1
	0.00 
	0.98 
	0.26 
	0.30 
	0.09 

	1
	0
	1
	1
	0
	1
	0
	1
	0
	0
	0
	1
	1
	0.00 
	0.98 
	0.22 
	0.30 
	0.08 

	2
	0
	1
	0
	1
	1
	1
	0
	1
	1
	0
	1
	1
	0.00 
	1.15 
	0.18 
	0.00 
	0.10 

	3
	0
	1
	0
	0
	0
	1
	1
	1
	1
	0
	1
	1
	0.00 
	1.12 
	0.23 
	0.58 
	0.09 

	4
	0
	1
	1
	0
	1
	0
	1
	1
	1
	0
	1
	1
	0.00 
	1.19 
	0.17 
	0.00 
	0.09 

	5
	0
	1
	1
	1
	0
	1
	1
	1
	0
	1
	1
	1
	0.00 
	1.32 
	0.25 
	0.00 
	0.09 

	6
	0
	0
	1
	0
	0
	1
	1
	1
	1
	1
	1
	1
	0.00 
	1.03 
	0.16 
	0.82 
	0.09 

	7
	0
	0
	0
	1
	1
	1
	1
	1
	0
	0
	0
	1
	0.00 
	1.16 
	0.17 
	0.82 
	0.09 

	8
	1
	0
	0
	0
	1
	0
	0
	0
	1
	1
	1
	1
	0.00 
	1.16 
	0.23 
	0.82 
	0.08 

	9
	1
	0
	0
	0
	1
	0
	0
	0
	0
	0
	1
	1
	0.00 
	1.15 
	0.21 
	0.00 
	0.09 

	10
	1
	0
	0
	1
	0
	0
	1
	1
	1
	1
	1
	1
	0.00 
	1.03 
	0.20 
	0.82 
	0.09 

	11
	0
	1
	1
	0
	0
	0
	0
	0
	1
	1
	0
	1
	0.00 
	0.75 
	0.16 
	0.58 
	0.08 

	12
	0
	0
	0
	0
	0
	1
	1
	0
	0
	0
	1
	1
	0.17 
	1.21 
	0.23 
	0.58 
	0.10 

	13
	0
	0
	0
	1
	0
	0
	1
	1
	1
	0
	0
	1
	0.17 
	1.04 
	0.21 
	0.58 
	0.10 

	14
	0
	0
	0
	1
	0
	0
	1
	0
	0
	1
	1
	1
	0.17 
	0.91 
	0.23 
	0.00 
	0.10 

	15
	1
	1
	0
	0
	0
	0
	0
	1
	1
	1
	1
	0
	0.00 
	0.75 
	0.20 
	0.00 
	0.10 

	16
	0
	1
	0
	0
	0
	1
	1
	0
	1
	0
	1
	1
	0.00 
	0.75 
	0.24 
	0.00 
	0.09 

	17
	1
	1
	0
	1
	0
	1
	1
	0
	0
	0
	1
	0
	0.00 
	0.75 
	0.21 
	0.00 
	0.08 

	18
	1
	0
	1
	0
	1
	1
	0
	1
	1
	0
	1
	0
	0.17 
	1.36 
	0.23 
	0.58 
	0.09 

	19
	1
	0
	1
	0
	0
	1
	0
	0
	1
	0
	1
	0
	0.17 
	1.36 
	0.21 
	0.58 
	0.08 

	20
	1
	0
	1
	1
	0
	0
	0
	1
	0
	0
	0
	1
	0.17 
	1.04 
	0.18 
	0.58 
	0.09 

	21
	1
	0
	1
	0
	1
	1
	0
	0
	1
	0
	0
	1
	0.17 
	1.21 
	0.21 
	0.58 
	0.09 

	22
	1
	0
	1
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0.17 
	1.52 
	0.22 
	0.58 
	0.08 

	23
	1
	1
	1
	1
	0
	1
	1
	1
	0
	1
	0
	1
	0.17 
	1.32 
	0.22 
	0.58 
	0.09 

	24
	0
	0
	0
	1
	0
	0
	0
	0
	1
	0
	1
	1
	0.17 
	1.47 
	0.20 
	0.30 
	0.10 

	25
	0
	1
	1
	0
	0
	0
	1
	0
	0
	0
	0
	1
	0.17 
	1.06 
	0.25 
	0.30 
	0.09 

	26
	0
	0
	0
	0
	1
	0
	0
	0
	1
	1
	0
	1
	0.17 
	1.47 
	0.20 
	0.30 
	0.09 

	27
	1
	0
	1
	0
	0
	0
	0
	1
	0
	0
	0
	1
	0.17 
	1.06 
	0.18 
	0.30 
	0.09 

	28
	0
	0
	0
	1
	0
	0
	0
	1
	1
	1
	1
	0
	0.17 
	0.93 
	0.24 
	0.58 
	0.10 

	29
	1
	1
	0
	0
	0
	0
	1
	0
	0
	0
	1
	1
	0.17 
	1.01 
	0.23 
	0.58 
	0.09 



Table 2. Proposed CGSs in [2] for DMRS sequence length equal to 18
	Index
	CGS-18 in [2]
	Auto correlation shift mean
	PAPR(dB)
	Cross correlation mean
	Frequency flatness
	BLER
(SINR=-6dB)

	0
	0
	1
	1
	0
	1
	1
	1
	0
	0
	0
	0
	0
	0
	0
	1
	1
	0
	0
	0.04 
	0.82 
	0.15 
	0.47 
	0.10 

	1
	0
	0
	0
	1
	1
	1
	1
	1
	0
	1
	1
	0
	0
	0
	1
	1
	0
	0
	0.04 
	0.92 
	0.24 
	0.33 
	0.10 

	2
	0
	0
	0
	1
	1
	1
	0
	1
	1
	0
	0
	0
	0
	0
	1
	1
	0
	0
	0.04 
	1.01 
	0.22 
	0.51 
	0.11 

	3
	0
	1
	1
	0
	0
	0
	0
	0
	0
	0
	1
	1
	1
	0
	1
	1
	0
	0
	0.04 
	1.17 
	0.22 
	0.47 
	0.11 

	4
	0
	1
	1
	1
	0
	1
	0
	1
	1
	0
	0
	0
	0
	0
	1
	1
	0
	0
	0.04 
	1.20 
	0.22 
	0.57 
	0.10 

	5
	0
	0
	0
	1
	1
	0
	0
	1
	0
	1
	0
	1
	0
	0
	1
	1
	0
	0
	0.04 
	1.23 
	0.20 
	0.74 
	0.10 

	6
	0
	0
	0
	1
	0
	0
	1
	0
	0
	1
	0
	0
	0
	1
	1
	1
	1
	1
	0.04 
	1.06 
	0.17 
	0.75 
	0.10 

	7
	0
	0
	1
	0
	1
	0
	1
	0
	0
	1
	1
	0
	0
	0
	0
	0
	1
	1
	0.04 
	1.23 
	0.19 
	0.74 
	0.10 

	8
	1
	1
	0
	0
	1
	0
	1
	1
	1
	0
	1
	0
	0
	1
	1
	1
	0
	1
	0.04 
	1.11 
	0.16 
	0.75 
	0.09 

	9
	1
	1
	1
	1
	0
	0
	0
	0
	1
	0
	0
	0
	1
	0
	0
	0
	0
	1
	0.04 
	1.18 
	0.20 
	0.75 
	0.10 

	10
	1
	1
	1
	0
	0
	0
	0
	1
	0
	0
	0
	1
	0
	0
	0
	0
	1
	1
	0.04 
	1.18 
	0.20 
	0.75 
	0.10 

	11
	1
	0
	1
	1
	1
	0
	0
	0
	1
	1
	1
	0
	1
	1
	0
	1
	0
	1
	0.04 
	1.06 
	0.17 
	0.75 
	0.09 

	12
	1
	0
	1
	1
	0
	1
	0
	1
	1
	1
	0
	0
	0
	0
	0
	1
	1
	0
	0.04 
	0.77 
	0.15 
	0.28 
	0.10 

	13
	1
	1
	0
	0
	1
	0
	1
	1
	0
	1
	1
	0
	1
	0
	0
	1
	0
	1
	0.11 
	0.80 
	0.20 
	0.23 
	0.10 

	14
	0
	0
	0
	0
	0
	1
	1
	1
	0
	1
	1
	0
	1
	0
	1
	1
	0
	0
	0.04 
	0.70 
	0.18 
	0.33 
	0.09 

	15
	0
	0
	1
	1
	1
	0
	1
	1
	0
	1
	0
	0
	0
	1
	1
	0
	1
	0
	0.04 
	0.77 
	0.20 
	0.33 
	0.10 

	16
	1
	1
	1
	0
	1
	0
	1
	1
	0
	1
	0
	0
	0
	0
	0
	1
	1
	0
	0.11 
	0.78 
	0.19 
	0.33 
	0.10 

	17
	0
	1
	0
	0
	1
	0
	0
	0
	1
	1
	1
	0
	1
	0
	0
	1
	1
	1
	0.04 
	0.77 
	0.18 
	0.33 
	0.09 

	18
	1
	0
	0
	0
	1
	0
	1
	0
	1
	0
	0
	0
	1
	1
	0
	1
	0
	1
	0.04 
	1.19 
	0.19 
	0.66 
	0.09 

	19
	1
	0
	1
	1
	1
	0
	0
	1
	0
	1
	0
	0
	1
	1
	1
	0
	1
	0
	0.04 
	1.19 
	0.13 
	0.66 
	0.10 

	20
	1
	1
	1
	1
	0
	0
	0
	1
	1
	0
	1
	1
	1
	0
	1
	0
	0
	0
	0.04 
	1.18 
	0.22 
	0.64 
	0.10 

	21
	1
	0
	0
	1
	1
	1
	0
	0
	0
	0
	1
	1
	1
	0
	1
	0
	0
	0
	0.04 
	1.18 
	0.18 
	0.64 
	0.10 

	22
	1
	0
	0
	0
	0
	1
	1
	1
	0
	0
	1
	0
	0
	0
	1
	0
	1
	1
	0.04 
	1.23 
	0.16 
	0.64 
	0.09 

	23
	1
	0
	0
	0
	0
	1
	1
	1
	0
	1
	0
	0
	0
	1
	0
	0
	1
	1
	0.04 
	1.23 
	0.23 
	0.64 
	0.10 

	24
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	1
	0
	0
	1
	1
	1
	0.04 
	1.35 
	0.19 
	0.35 
	0.10 

	25
	0
	1
	0
	0
	1
	0
	0
	1
	1
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0.04 
	1.35 
	0.16 
	0.35 
	0.10 

	26
	1
	1
	0
	1
	1
	0
	1
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0.04 
	1.15 
	0.16 
	0.69 
	0.10 

	27
	0
	0
	0
	0
	0
	0
	0
	1
	1
	0
	0
	0
	1
	0
	1
	1
	1
	0
	0.19 
	1.31 
	0.16 
	0.05 
	0.10 

	28
	1
	0
	0
	0
	1
	0
	1
	1
	1
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0.19 
	1.31 
	0.18 
	0.05 
	0.10 

	29
	1
	1
	1
	0
	0
	0
	0
	0
	0
	0
	0
	1
	1
	0
	0
	0
	1
	0
	0.19 
	1.31 
	0.22 
	0.05 
	0.11 



Table 3.Proposed CGSs in [2] for DMRS sequence length equal to 24
	Index
	CGS-24 in [2] 
	Auto correlation shift mean
	PAPR(dB)
	Cross correlation mean
	Frequency flatness
	BLER
(SINR=-6dB)

	0
	0
	1
	0
	1
	1
	0
	1
	0
	1
	0
	1
	0
	1
	1
	0
	1
	1
	0
	0
	1
	0
	0
	1
	1
	0.00 
	0.99 
	0.16 
	0.41 
	0.11 

	1
	0
	1
	0
	0
	0
	1
	1
	0
	1
	0
	1
	0
	1
	1
	1
	0
	1
	0
	0
	1
	0
	0
	1
	1
	0.00 
	0.99 
	0.18 
	0.00 
	0.11 

	2
	0
	1
	0
	0
	1
	0
	0
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	0
	0
	1
	0
	0
	1
	1
	0.00 
	1.02 
	0.20 
	0.17 
	0.10 

	3
	0
	1
	1
	0
	1
	0
	1
	1
	0
	1
	1
	0
	0
	1
	0
	1
	0
	1
	0
	1
	0
	0
	1
	1
	0.00 
	1.03 
	0.17 
	0.00 
	0.11 

	4
	0
	1
	0
	1
	0
	1
	0
	1
	1
	0
	0
	1
	0
	0
	1
	0
	1
	0
	0
	1
	0
	0
	1
	1
	0.00 
	1.03 
	0.19 
	0.00 
	0.12 

	5
	0
	0
	0
	0
	1
	0
	1
	0
	0
	1
	0
	1
	0
	1
	0
	1
	1
	0
	0
	1
	0
	0
	1
	1
	0.00 
	1.12 
	0.19 
	0.82 
	0.11 

	6
	1
	1
	0
	0
	1
	0
	1
	0
	0
	0
	0
	1
	1
	0
	0
	0
	1
	0
	0
	0
	1
	1
	1
	1
	0.00 
	1.31 
	0.16 
	0.91 
	0.11 

	7
	0
	1
	0
	0
	1
	1
	1
	1
	1
	1
	0
	0
	0
	1
	0
	0
	0
	1
	1
	0
	0
	0
	0
	1
	0.00 
	1.31 
	0.14 
	0.91 
	0.11 

	8
	0
	1
	1
	0
	0
	1
	0
	1
	1
	1
	0
	0
	0
	0
	0
	0
	1
	1
	0
	1
	0
	1
	1
	1
	0.00 
	1.30 
	0.19 
	0.82 
	0.11 

	9
	0
	1
	1
	1
	0
	0
	0
	1
	0
	1
	0
	0
	1
	0
	1
	1
	1
	0
	0
	1
	0
	0
	0
	1
	0.00 
	1.01 
	0.16 
	0.91 
	0.11 

	10
	1
	1
	0
	0
	1
	0
	0
	0
	1
	0
	1
	1
	1
	0
	1
	0
	0
	1
	0
	0
	0
	0
	0
	1
	0.00 
	1.19 
	0.15 
	0.82 
	0.10 

	11
	1
	1
	1
	0
	1
	1
	0
	0
	0
	1
	0
	0
	0
	0
	1
	0
	0
	1
	0
	0
	0
	0
	0
	1
	0.00 
	1.22 
	0.18 
	0.91 
	0.12 

	12
	0
	1
	0
	0
	0
	1
	1
	0
	1
	1
	0
	0
	1
	0
	1
	1
	0
	0
	0
	1
	1
	0
	1
	0
	0.13 
	0.81 
	0.15 
	0.30 
	0.10 

	13
	1
	0
	0
	1
	0
	1
	0
	0
	1
	1
	0
	0
	0
	0
	1
	1
	1
	1
	1
	1
	1
	0
	0
	1
	0.10 
	0.81 
	0.18 
	0.41 
	0.10 

	14
	1
	0
	0
	1
	0
	1
	0
	0
	1
	1
	0
	1
	1
	0
	0
	1
	1
	0
	0
	0
	0
	0
	1
	1
	0.13 
	0.83 
	0.16 
	0.41 
	0.10 

	15
	0
	0
	0
	1
	1
	1
	1
	0
	0
	1
	0
	1
	0
	0
	1
	1
	1
	0
	1
	1
	1
	0
	0
	1
	0.07 
	0.80 
	0.15 
	0.17 
	0.11 

	16
	1
	1
	0
	1
	0
	1
	1
	1
	0
	0
	1
	1
	1
	0
	0
	0
	0
	0
	0
	1
	1
	0
	1
	0
	0.07 
	0.81 
	0.15 
	0.00 
	0.11 

	17
	1
	0
	1
	1
	0
	1
	1
	0
	0
	0
	1
	0
	1
	1
	0
	1
	0
	0
	1
	0
	0
	0
	0
	1
	0.17 
	0.82 
	0.17 
	0.35 
	0.11 

	18
	1
	1
	1
	1
	1
	0
	0
	1
	0
	0
	0
	1
	1
	1
	1
	0
	1
	1
	1
	1
	1
	1
	0
	0
	0.00 
	1.31 
	0.18 
	0.82 
	0.11 

	19
	1
	1
	1
	1
	0
	1
	0
	0
	1
	1
	0
	0
	0
	1
	1
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0.00 
	1.12 
	0.18 
	0.82 
	0.12 

	20
	1
	0
	1
	0
	0
	0
	1
	1
	1
	0
	1
	1
	0
	1
	0
	1
	1
	0
	1
	1
	1
	0
	0
	0
	0.00 
	1.02 
	0.15 
	0.71 
	0.11 

	21
	1
	0
	1
	0
	1
	1
	1
	0
	0
	0
	1
	0
	0
	1
	0
	1
	0
	0
	1
	0
	0
	0
	1
	1
	0.00 
	1.02 
	0.19 
	0.71 
	0.12 

	22
	1
	1
	1
	1
	0
	0
	1
	0
	0
	0
	1
	1
	1
	1
	1
	0
	0
	1
	1
	1
	0
	1
	0
	1
	0.00 
	1.27 
	0.14 
	0.60 
	0.11 

	23
	1
	0
	1
	1
	0
	1
	1
	0
	0
	0
	1
	0
	0
	0
	0
	1
	0
	0
	1
	0
	1
	1
	1
	0
	0.00 
	1.60 
	0.22 
	0.60 
	0.12 

	24
	0
	0
	0
	0
	0
	0
	0
	1
	1
	0
	0
	0
	1
	1
	1
	1
	1
	1
	1
	0
	0
	0
	1
	1
	0.00 
	0.98 
	0.15 
	0.41 
	0.11 

	25
	1
	1
	1
	0
	0
	0
	1
	1
	0
	0
	0
	0
	0
	0
	0
	1
	1
	0
	0
	0
	1
	1
	1
	1
	0.00 
	0.98 
	0.16 
	0.41 
	0.11 

	26
	0
	0
	0
	0
	0
	0
	1
	1
	1
	0
	0
	1
	1
	1
	1
	1
	1
	1
	0
	0
	1
	1
	1
	0
	0.00 
	0.98 
	0.16 
	0.41 
	0.11 

	27
	1
	1
	0
	0
	1
	1
	1
	0
	0
	0
	0
	0
	0
	0
	1
	1
	1
	0
	0
	1
	1
	1
	1
	1
	0.00 
	0.98 
	0.15 
	0.41 
	0.11 

	28
	0
	0
	0
	0
	1
	0
	0
	0
	0
	1
	0
	0
	1
	1
	1
	1
	0
	1
	1
	1
	1
	0
	0
	1
	0.00 
	1.24 
	0.16 
	0.41 
	0.11 

	29
	0
	1
	1
	1
	1
	0
	0
	1
	0
	0
	0
	0
	1
	0
	0
	0
	0
	1
	0
	0
	1
	1
	1
	1
	0.00 
	1.24 
	0.15 
	0.41 
	0.10 



Observation 1:
· PAPR, cross correlation and frequency domain flatness properties are suboptimal for a few of proposed CGSs in [2].
Based on above evaluation metrics, for DMRS sequence length equal to 12, 18 and 24, new CGSs are searched and evaluation results are shown in Table 4, 5 and 6. From the evaluation results, we can observe that the PAPR, cross correlation and frequency domain flatness properties of some CGSs are better than above suboptimal CGSs, while the autocorrelation shift, SINR to BLER properties are almost the same. 
Table 4. Proposed CGSs for DMRS sequence length equal to 12
	Index
	CGS-12
	Auto correlation shift mean
	PAPR(dB)
	Cross correlation mean with CGSs in [2]
	Frequency flatness
	BLER
(SINR=-6dB)

	0
	0
	0
	1
	0
	0
	1
	0
	1
	0
	1
	1
	1
	0.00 
	0.98 
	0.13 
	0.30 
	0.09 

	1
	0
	0
	1
	0
	1
	0
	1
	1
	0
	1
	1
	1
	0.17 
	1.01 
	0.18 
	0.58 
	0.09 

	2
	0
	0
	1
	0
	1
	1
	0
	1
	0
	1
	1
	1
	0.17 
	0.85 
	0.18 
	0.42 
	0.09 

	3
	0
	0
	1
	1
	0
	1
	0
	1
	0
	1
	1
	0
	0.00 
	1.03 
	0.20 
	0.82 
	0.10 

	4
	0
	0
	1
	1
	0
	1
	1
	0
	1
	0
	1
	0
	0.00 
	0.98 
	0.20 
	0.30 
	0.09 

	5
	0
	0
	1
	1
	1
	1
	1
	0
	1
	1
	0
	0
	0.17 
	0.85 
	0.18 
	0.42 
	0.08 

	6
	0
	1
	0
	1
	0
	1
	1
	0
	1
	1
	0
	0
	0.00 
	0.98 
	0.20 
	0.30 
	0.08 

	7
	0
	1
	0
	1
	1
	1
	1
	0
	1
	1
	0
	0
	0.00 
	0.86 
	0.20 
	0.58 
	0.09 

	8
	0
	1
	1
	0
	1
	0
	0
	1
	0
	1
	1
	1
	0.17 
	0.93 
	0.19 
	0.58 
	0.09 

	9
	0
	1
	1
	1
	1
	0
	0
	1
	0
	0
	1
	1
	0.17 
	0.81 
	0.19 
	0.58 
	0.10 

	10
	0
	1
	1
	1
	1
	0
	1
	1
	1
	0
	0
	0
	0.17 
	0.93 
	0.19 
	0.58 
	0.09 

	11
	0
	1
	1
	1
	1
	1
	1
	0
	1
	1
	0
	0
	0.00 
	0.98 
	0.20 
	0.30 
	0.09 

	12
	1
	0
	0
	0
	0
	1
	1
	1
	1
	1
	0
	1
	0.17 
	1.00 
	0.18 
	0.42 
	0.09 

	13
	1
	0
	0
	1
	1
	1
	1
	0
	1
	1
	0
	0
	0.17 
	0.81 
	0.20 
	0.58 
	0.10 

	14
	1
	0
	1
	0
	1
	0
	0
	1
	0
	0
	1
	1
	0.00 
	0.98 
	0.20 
	0.30 
	0.08 

	15
	1
	0
	1
	1
	0
	1
	0
	0
	1
	0
	1
	1
	0.17 
	1.01 
	0.17 
	0.58 
	0.09 

	16
	1
	0
	1
	1
	0
	1
	0
	1
	0
	0
	1
	1
	0.17 
	1.01 
	0.20 
	0.58 
	0.08 

	17
	1
	0
	1
	1
	1
	0
	0
	0
	0
	1
	1
	1
	0.17 
	0.93 
	0.19 
	0.58 
	0.08 

	18
	1
	1
	0
	0
	1
	0
	0
	1
	0
	1
	0
	1
	0.00 
	0.98 
	0.20 
	0.30 
	0.09 

	19
	1
	1
	0
	0
	1
	0
	1
	0
	1
	0
	0
	1
	0.00 
	1.03 
	0.20 
	0.82 
	0.09 

	20
	1
	1
	0
	0
	1
	0
	1
	0
	1
	1
	0
	1
	0.17 
	1.01 
	0.20 
	0.58 
	0.09 

	21
	1
	1
	0
	0
	1
	0
	1
	1
	0
	1
	0
	1
	0.17 
	0.85 
	0.18 
	0.42 
	0.10 

	22
	1
	1
	0
	0
	1
	1
	1
	0
	1
	0
	0
	1
	0.17 
	0.81 
	0.20 
	0.58 
	0.09 

	23
	1
	1
	0
	1
	0
	1
	1
	0
	1
	0
	0
	1
	0.17 
	1.00 
	0.19 
	0.42 
	0.08 

	24
	1
	1
	0
	1
	1
	0
	1
	0
	1
	0
	0
	0
	0.00 
	0.98 
	0.13 
	0.30 
	0.09 

	25
	1
	1
	0
	1
	1
	1
	1
	0
	1
	0
	0
	0
	0.00 
	0.86 
	0.19 
	0.58 
	0.09 

	26
	1
	1
	1
	0
	0
	1
	0
	0
	1
	1
	1
	1
	0.00 
	1.03 
	0.18 
	0.82 
	0.09 

	27
	1
	1
	1
	0
	1
	1
	0
	0
	0
	1
	1
	1
	0.00 
	0.98 
	0.19 
	0.30 
	0.08 

	28
	1
	1
	1
	1
	0
	0
	0
	0
	1
	1
	0
	1
	0.17 
	0.85 
	0.19 
	0.42 
	0.08 

	29
	1
	1
	1
	1
	0
	0
	0
	1
	0
	0
	1
	1
	0.17 
	1.01 
	0.18 
	0.58 
	0.08 


Note: Compare to the suboptimal CGSs, CGSs of index 24,15,12,29,1,26,18,28,10,22,14,19,9 are optimal.
Table 5. Proposed CGSs for DMRS sequence length equal to 18
	Index
	CGS-18
	Auto correlation shift mean
	PAPR(dB)
	Cross correlation mean with CGSs in [2]
	Frequency flatness

	BLER
(SINR=-6dB)

	0
	0
	0
	1
	0
	0
	1
	1
	1
	1
	1
	0
	1
	1
	0
	1
	0
	0
	1
	0.11 
	0.95 
	0.10 
	0.31 
	0.11 

	1
	0
	0
	1
	0
	1
	1
	0
	1
	0
	1
	0
	1
	1
	1
	1
	0
	0
	1
	0.04 
	0.87 
	0.12 
	0.53 
	0.10 

	2
	0
	0
	1
	0
	1
	1
	0
	1
	1
	0
	1
	1
	0
	1
	0
	1
	1
	0
	0.11 
	0.93 
	0.12 
	0.11 
	0.09 

	3
	0
	0
	1
	0
	1
	1
	0
	1
	1
	1
	0
	1
	1
	1
	1
	0
	0
	1
	0.04 
	0.95 
	0.12 
	0.67 
	0.10 

	4
	0
	0
	1
	1
	1
	1
	1
	1
	1
	0
	0
	1
	1
	0
	0
	0
	0
	1
	0.11 
	0.90 
	0.12 
	0.33 
	0.10 

	5
	0
	1
	0
	0
	1
	1
	1
	1
	1
	1
	0
	1
	1
	0
	1
	0
	1
	0
	0.04 
	0.94 
	0.12 
	0.47 
	0.10 

	6
	0
	1
	0
	1
	0
	0
	1
	1
	1
	0
	1
	0
	1
	1
	0
	1
	1
	0
	0.04 
	0.84 
	0.11 
	0.33 
	0.09 

	7
	0
	1
	0
	1
	0
	1
	1
	1
	0
	0
	1
	0
	1
	1
	0
	1
	1
	0
	0.04 
	0.92 
	0.12 
	0.67 
	0.10 

	8
	0
	1
	0
	1
	1
	0
	1
	0
	1
	0
	0
	1
	1
	0
	1
	0
	1
	1
	0.11 
	0.92 
	0.12 
	0.37 
	0.11 

	9
	0
	1
	0
	1
	1
	0
	1
	1
	0
	0
	0
	1
	1
	0
	1
	0
	1
	1
	0.04 
	0.93 
	0.10 
	0.24 
	0.10 

	10
	0
	1
	0
	1
	1
	0
	1
	1
	0
	0
	0
	1
	1
	1
	1
	0
	1
	1
	0.11 
	0.92 
	0.12 
	0.11 
	0.10 

	11
	0
	1
	0
	1
	1
	0
	1
	1
	0
	0
	1
	0
	1
	1
	0
	1
	1
	0
	0.11 
	0.90 
	0.12 
	0.33 
	0.10 

	12
	0
	1
	0
	1
	1
	1
	1
	1
	0
	0
	1
	0
	1
	1
	0
	1
	1
	0
	0.04 
	0.82 
	0.12 
	0.20 
	0.09 

	13
	0
	1
	0
	1
	1
	1
	1
	1
	1
	0
	0
	0
	1
	0
	0
	0
	1
	1
	0.11 
	0.84 
	0.12 
	0.24 
	0.09 

	14
	0
	1
	1
	0
	0
	1
	1
	1
	1
	1
	0
	0
	1
	0
	1
	0
	0
	1
	0.11 
	0.85 
	0.11 
	0.30 
	0.11 

	15
	0
	1
	1
	0
	1
	1
	0
	1
	1
	1
	0
	0
	1
	0
	1
	0
	0
	1
	0.11 
	0.88 
	0.11 
	0.16 
	0.10 

	16
	0
	1
	1
	1
	1
	0
	1
	1
	0
	0
	0
	0
	1
	1
	0
	1
	1
	0
	0.11 
	0.91 
	0.11 
	0.33 
	0.10 

	17
	0
	1
	1
	1
	1
	1
	0
	1
	0
	0
	1
	0
	1
	0
	0
	0
	1
	1
	0.11 
	0.92 
	0.11 
	0.33 
	0.10 

	18
	1
	0
	0
	1
	0
	0
	1
	1
	1
	1
	1
	1
	0
	0
	0
	1
	1
	0
	0.04 
	0.85 
	0.12 
	0.33 
	0.10 

	19
	1
	0
	0
	1
	0
	0
	1
	1
	1
	1
	1
	1
	1
	0
	0
	1
	1
	0
	0.11 
	0.92 
	0.12 
	0.67 
	0.11 

	20
	1
	0
	1
	0
	0
	1
	1
	0
	1
	1
	0
	1
	0
	0
	1
	1
	0
	1
	0.11 
	0.90 
	0.10 
	0.33 
	0.11 

	21
	1
	0
	1
	0
	0
	1
	1
	1
	1
	1
	0
	0
	1
	0
	1
	0
	0
	1
	0.11 
	0.91 
	0.12 
	0.57 
	0.11 

	22
	1
	0
	1
	0
	1
	1
	0
	0
	0
	1
	0
	0
	1
	1
	1
	1
	0
	1
	0.11 
	0.85 
	0.12 
	0.24 
	0.10 

	23
	1
	0
	1
	0
	1
	1
	0
	1
	0
	1
	1
	0
	1
	0
	1
	0
	0
	1
	0.11 
	0.92 
	0.12 
	0.37 
	0.11 

	24
	1
	0
	1
	1
	0
	1
	1
	0
	1
	1
	0
	1
	0
	0
	1
	1
	1
	1
	0.11 
	0.91 
	0.12 
	0.32 
	0.11 

	25
	1
	1
	0
	0
	0
	0
	1
	0
	1
	1
	0
	1
	0
	1
	1
	1
	1
	0
	0.11 
	0.90 
	0.12 
	0.24 
	0.10 

	26
	1
	1
	0
	1
	0
	0
	1
	0
	1
	0
	1
	0
	0
	1
	1
	1
	1
	0
	0.04 
	0.93 
	0.11 
	0.48 
	0.10 

	27
	1
	1
	0
	1
	0
	1
	1
	0
	0
	0
	1
	0
	1
	1
	0
	1
	1
	0
	0.11 
	0.93 
	0.12 
	0.11 
	0.10 

	28
	1
	1
	0
	1
	1
	1
	0
	0
	0
	0
	0
	0
	1
	1
	1
	1
	1
	0
	0.11 
	0.80 
	0.12 
	0.24 
	0.10 

	29
	1
	1
	0
	1
	1
	1
	0
	0
	0
	0
	1
	1
	0
	1
	0
	1
	1
	0
	0.11 
	0.93 
	0.12 
	0.19 
	0.10 


Note: Compare to the suboptimal CGSs, CGSs of index 20,9,15,19,2,0,16,25,5 ,28,23,13,26,7,22,4 are optimal.
Table 6. Proposed CGSs for DMRS sequence length equal to 24
	Index
	CGS-24 
	Auto correlation shift mean
	PAPR(dB)
	Cross correlation mean with CGSs in [2]
	Frequency flatness

	BLER
(SINR=-6dB)

	0
	0
	0
	1
	1
	1
	1
	1
	0
	0
	1
	1
	1
	1
	0
	1
	0
	1
	1
	1
	0
	1
	0
	1
	1
	0.03 
	1.21 
	0.10 
	0.24 
	0.11 

	1
	0
	1
	1
	0
	0
	1
	0
	0
	1
	1
	1
	1
	1
	1
	0
	1
	1
	1
	1
	0
	1
	1
	0
	1
	0.03 
	1.26 
	0.10 
	0.33 
	0.10 

	2
	0
	1
	1
	0
	1
	1
	1
	1
	1
	0
	1
	1
	1
	0
	1
	1
	0
	1
	1
	0
	1
	0
	1
	1
	0.00 
	1.15 
	0.10 
	0.35 
	0.11 

	3
	0
	1
	1
	0
	1
	1
	1
	1
	1
	0
	1
	1
	1
	0
	1
	1
	0
	1
	1
	0
	1
	1
	0
	1
	0.00 
	1.26 
	0.10 
	0.41 
	0.11 

	4
	0
	1
	1
	0
	1
	1
	1
	1
	1
	1
	1
	1
	1
	0
	0
	0
	1
	1
	1
	0
	1
	0
	1
	1
	0.03 
	1.26 
	0.10 
	0.41 
	0.12 

	5
	0
	1
	1
	1
	1
	1
	0
	0
	0
	0
	0
	1
	1
	1
	1
	1
	0
	1
	1
	1
	1
	1
	1
	1
	0.07 
	1.23 
	0.10 
	0.41 
	0.14 

	6
	0
	1
	1
	1
	1
	1
	0
	0
	1
	0
	0
	1
	1
	1
	0
	1
	1
	1
	1
	0
	1
	0
	1
	1
	0.07 
	1.19 
	0.10 
	0.51 
	0.11 

	7
	0
	1
	1
	1
	1
	1
	0
	0
	1
	0
	1
	1
	0
	1
	1
	1
	1
	1
	1
	0
	0
	1
	1
	1
	0.07 
	1.21 
	0.10 
	0.25 
	0.11 

	8
	0
	1
	1
	1
	1
	1
	0
	1
	1
	0
	1
	1
	1
	0
	0
	1
	0
	1
	1
	1
	1
	0
	1
	1
	0.07 
	1.15 
	0.10 
	0.35 
	0.11 

	9
	0
	1
	1
	1
	1
	1
	1
	0
	0
	1
	1
	1
	0
	1
	1
	1
	1
	1
	0
	0
	1
	0
	1
	1
	0.07 
	1.21 
	0.09 
	0.25 
	0.11 

	10
	0
	1
	1
	1
	1
	1
	1
	0
	0
	1
	1
	1
	1
	0
	1
	1
	1
	1
	1
	0
	0
	0
	1
	0
	0.07 
	1.12 
	0.09 
	0.30 
	0.13 

	11
	0
	1
	1
	1
	1
	1
	1
	0
	0
	1
	1
	1
	1
	1
	1
	1
	1
	1
	0
	0
	1
	0
	1
	0
	0.07 
	1.25 
	0.09 
	0.41 
	0.13 

	12
	0
	1
	1
	1
	1
	1
	1
	0
	1
	0
	0
	1
	1
	1
	0
	0
	1
	1
	1
	1
	1
	0
	1
	1
	0.07 
	1.07 
	0.10 
	0.41 
	0.11 

	13
	0
	1
	1
	1
	1
	1
	1
	0
	1
	0
	1
	1
	1
	0
	1
	1
	0
	1
	1
	0
	1
	0
	1
	1
	0.07 
	1.22 
	0.10 
	0.11 
	0.12 

	14
	0
	1
	1
	1
	1
	1
	1
	0
	1
	1
	0
	1
	1
	1
	1
	1
	1
	1
	0
	0
	1
	0
	1
	0
	0.07 
	1.18 
	0.10 
	0.30 
	0.13 

	15
	0
	1
	1
	1
	1
	1
	1
	0
	1
	1
	1
	1
	1
	0
	1
	1
	1
	1
	0
	0
	1
	0
	1
	0
	0.07 
	1.22 
	0.10 
	0.15 
	0.12 

	16
	0
	1
	1
	1
	1
	1
	1
	1
	1
	0
	1
	1
	0
	1
	1
	1
	0
	1
	0
	0
	1
	0
	1
	1
	0.07 
	1.22 
	0.10 
	0.17 
	0.14 

	17
	1
	0
	0
	1
	1
	1
	1
	1
	0
	1
	1
	0
	1
	1
	1
	0
	1
	1
	0
	0
	0
	1
	1
	1
	0.07 
	1.17 
	0.09 
	0.12 
	0.11 

	18
	1
	0
	0
	1
	1
	1
	1
	1
	1
	1
	0
	0
	1
	1
	0
	0
	0
	0
	1
	1
	1
	1
	1
	1
	0.03 
	1.13 
	0.10 
	0.51 
	0.12 

	19
	1
	0
	0
	1
	1
	1
	1
	1
	1
	1
	0
	0
	1
	1
	1
	0
	0
	1
	0
	1
	1
	1
	1
	1
	0.07 
	1.21 
	0.10 
	0.29 
	0.11 

	20
	1
	0
	1
	0
	1
	1
	0
	1
	1
	0
	0
	1
	1
	1
	1
	1
	0
	0
	1
	1
	0
	1
	1
	1
	0.07 
	1.25 
	0.09 
	0.21 
	0.10 

	21
	1
	0
	1
	0
	1
	1
	0
	1
	1
	0
	1
	1
	0
	1
	1
	1
	0
	0
	0
	1
	1
	1
	1
	1
	0.07 
	1.12 
	0.10 
	0.33 
	0.11 

	22
	1
	0
	1
	1
	0
	1
	1
	1
	1
	1
	0
	0
	1
	1
	1
	0
	0
	1
	0
	1
	1
	1
	1
	1
	0.07 
	1.08 
	0.10 
	0.41 
	0.11 

	23
	1
	0
	1
	1
	1
	1
	1
	1
	1
	1
	1
	0
	1
	0
	0
	1
	1
	1
	0
	0
	1
	1
	0
	1
	0.07 
	1.22 
	0.10 
	0.60 
	0.11 

	24
	1
	1
	0
	1
	1
	0
	1
	1
	1
	1
	1
	0
	1
	1
	1
	1
	1
	0
	1
	0
	0
	1
	1
	0
	0.03 
	1.18 
	0.10 
	0.30 
	0.11 

	25
	1
	1
	0
	1
	1
	1
	1
	1
	0
	1
	0
	0
	1
	1
	1
	1
	1
	0
	1
	0
	0
	1
	1
	0
	0.03 
	1.16 
	0.10 
	0.46 
	0.11 

	26
	1
	1
	0
	1
	1
	1
	1
	1
	1
	0
	0
	0
	1
	1
	0
	1
	1
	1
	1
	1
	0
	1
	1
	0
	0.07 
	1.21 
	0.10 
	0.17 
	0.11 

	27
	1
	1
	0
	1
	1
	1
	1
	1
	1
	1
	0
	0
	1
	1
	1
	1
	1
	0
	1
	0
	0
	1
	1
	0
	0.03 
	1.25 
	0.10 
	0.41 
	0.11 

	28
	1
	1
	1
	0
	0
	0
	1
	0
	1
	1
	0
	1
	1
	0
	1
	1
	0
	1
	1
	1
	0
	1
	1
	1
	0.03 
	1.10 
	0.10 
	0.24 
	0.11 

	29
	1
	1
	1
	0
	0
	0
	1
	0
	1
	1
	0
	1
	1
	0
	1
	1
	0
	1
	1
	1
	1
	1
	1
	1
	0.07 
	1.19 
	0.10 
	0.41 
	0.12 


Note: Compare to the suboptimal CGSs, CGSs of index 9,17,20,1,24,28,21,12,23,26,2,22,4,16,18,14,5,0,8,7,10 are optimal.
Proposal 2:
· For DMRS sequence length equal to 12, 18 and 24 for PI/2 BPSK modulation, the proposed CGSs listed as above are supported.
Since different cells schedule individually, different length of sequences may be colliding, which will lead to severe inter-cell interference. CGS re-ordering for DFT-s-OFDM to reduce interference for different lengths of sequence was discussed in NR Rel-15, the final specified CGSs are reordered based on cross correlation. Besides interference between different lengths of CGS, as new CGS shall be introduced in NR Rel-16, interference between different types of CGS also should be investigated. Consequently, CGS re-ordering to reduce interference should be further studied.
 Proposal 3:
· Further study CGS re-ordering for DMRS for PI/2 BPSK modulation to reduce interference.
1. On power imbalance
Based on current specified DMRS sequence generation rules, for double symbol DMRS, zero power DMRS modulation symbols shall be generated for particular DMRS antenna ports combination and PMI precoders as depicted in appendix, which will cause DMRS antenna ports power imbalance issue. For DMRS configuration type 1, an example of DMRS antenna ports combination (0, 4) transmission with PMI precoder  after precoding is shown as below figure 1 and 2, which shall lead to DMRS antenna ports 0 and 4 with zero power in the first and the second DMRS symbol respectively. 
[image: ]
Figure1. Example of DMRS sequence generation
[image: ]
Figure2. Example of DMRS resource mapping after precoding
From the perspective of UE implementation, power imbalance issue is more severe for uplink. Power imbalance between adjacent DMRS symbols may cause power ramping and phase discontinuity problem. As depicted in figure 3, for above mentioned example, 3/6dB power on and 6/3dB power off transient period cannot be neglected for PA0 and PA1 respectively, which may degrade DMRS demodulation performance.


Figure3. Power ramping and phase discontinuity problem caused by power imbalance
Additionally, power imbalance shall lead to power boosting problem. If the number of CDM groups without data is 2, there is 3dB power boosting between DMRS port and data EPRE per layer. However, the maximum PA transmission power is limited. That means when data symbol transmission reach to the maximum power of PA, 3dB DMRS power boosting cannot be achieved as shown in figure 4, and DMRS performance shall be degraded, too.


Figure4. Power boosting problem caused by power imbalance
Proposal 4:
· Support to specify DMRS enhancement to solve power imbalance issue in Rel-16.

Since companies would not like to change current DMRS resource mapping formula, adding a phase rotation diagonal matrix to precoding matrix to avoid power imbalance problem can be considered, and DMRS precoding equation is showed as below,





Where, is precoding matrix, the block of vectors  is DMRS after resource mapping, the block of vectors is DMRS after precoding.


For PUSCH transmission with 2 layers, the phase rotation diagonal matrix  can be equal to. According to above equation, for DMRS port combination (0, 4) with PMI precoder  , DMRS after precoding is shown in figure 5, and there is no power imbalance issue for different PAs as depicted in figure 6.
[image: ]
Figure5. Enhanced DMRS resource mapping and precoding


Figure6. Enhanced DMRS resource mapping and precoding without power imbalance issue
Proposal 5:
· At least for uplink double-symbol DMRS, support to add a phase rotation diagonal matrix to TPMI precoder for partial codebooks to avoid power imbalance issue.
1. Conclusion
In this contribution, for Rel-16 DMRS enhancement, DMRS configuration, CGS for DMRS for PI/2 BPSK modulation, and power imbalance issues are discussed with the following observation and proposals.
Observation 1:
· PAPR, cross correlation and frequency domain flatness properties are suboptimal for a few of proposed CGSs in [2].
Proposal 1:
· RRC signaling to configure the use of R.15 or R.16 sequence for 2nd and 3rd CDM group is supported.
Proposal 2:
· For DMRS sequence length equal to 12, 18 and 24 for PI/2 BPSK modulation, the proposed CGSs listed as above are supported.
Proposal 3:
· Further study CGS re-ordering for DMRS for PI/2 BPSK modulation to reduce interference.
Proposal 4:
· Support to specify DMRS enhancement to solve power imbalance issue in Rel-16.
Proposal 5:
· At least for uplink double-symbol DMRS, support to add a phase rotation diagonal matrix to TPMI precoder for partial codebooks to avoid power imbalance issue.
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Appendix I: CGS generation simulation assumptions
Table 4.CGS generation link-level simulation assumptions
	Parameter
	Value

	System bandwidth
	20 Mhz

	Numerology
	30 KHz SCS

	Channel
	TDL-C 300ns

	Number of Antennas
	UE Tx=1, gNB Rx =4

	PUSCH duration
	11 OFDM symbols, with one front-loaded DMRS symbols symbol

	Number of UEs
	1 UE

	# RBs for PUSCH
	2/3/4 RBs

	Carrier Frequency
	4 GHz

	Coding rate
	0.25

	Coding
	NR LDPC + CRC

	UE Speed
	12 Km/h

	Receiver
	Time-domain Channel Estimation and Ideal Noise Estimation



Appendix II: DMRS ports and CDM groups definition


      
Figure7. DMRS ports and CDM groups definition for DMRS configuration type 1 and type 2
Appendix III: Power imbalance issue related DMRS ports and precoders
Table 7.3.1.1.2-13: Antenna port(s), transform precoder is disabled, dmrs-Type=1, maxLength=2, rank = 2
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols

	8
	2
	0,4
	2

	9
	2
	2,6
	2




Table 6.3.1.5-4: Precoding matrix  for two-layer transmission using two antenna ports with transform precoding disabled.
	TPMI index
	

(ordered from left to right in increasing order of TPMI index)

	0 – 2
	

	

	

	





Table 6.3.1.5-5: Precoding matrix  for two-layer transmission using four antenna ports with transform precoding disabled.
	TPMI index
	

(ordered from left to right in increasing order of TPMI index)

	0 – 3
	

	

	

	


	4 – 7
	

	

	

	


	8 – 11
	

	

	

	


	12 – 15
	

	

	

	


	16 – 19
	

	

	

	


	20 – 21
	

	

	

	-



Table 7.3.1.1.2-14: Antenna port(s), transform precoder is disabled, dmrs-Type=1, maxLength=2, rank = 3
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols

	1
	2
	0,1,4
	2

	2
	2
	2,3,6
	2



Table 7.3.1.1.2-22: Antenna port(s), transform precoder is disabled, dmrs-Type=2, maxLength=2, rank=3
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols

	3
	3
	0,1,6
	2

	4
	3
	2,3,8
	2

	5
	3
	4,5,10
	2




Table 6.3.1.5.4-6: Precoding matrix  for three-layer transmission using four antenna ports with transform precoding disabled.
	TPMI index
	

(ordered from left to right in increasing order of TPMI index)

	0 – 3
	

	

	

	


	4 – 6
	

	

	

	



Table 7.3.1.1.2-15: Antenna port(s), transform precoder is disabled, dmrs-Type=1, maxLength=2, rank = 4
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols

	1
	2
	0,1,4,5
	2

	2
	2
	2,3,6,7
	2

	3
	2
	0,2,4,6
	2



Table 7.3.1.1.2-23: Antenna port(s), transform precoder is disabled, dmrs-Type=2, maxLength=2, rank=4
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols

	2
	3
	0,1,6,7
	2

	3
	3
	2,3,8,9
	2

	4
	3
	4,5,10,11
	2




Table 6.3.1.5-7: Precoding matrix  for four-layer transmission using four antenna ports with transform precoding disabled.
	TPMI index
	

(ordered from left to right in increasing order of TPMI index)

	0 – 3
	

	

	

	


	4
	

	
	-
	-



image2.png
DMRStypel Subcarier 0 1 2 3 4 5 6 7 & s 10 1

1stsymbol Port0/1/4/5 ri(0) 1) () ) ri4) ri(s)
sequence  Port 2/3/6/7 r2(0) (1) r2(2) r2(3) r2(4) 2(s)
2ndsymbol Port0/1/4/5 r3(0) r3(1) 3(2) 13(3) 13(4) 13(s)

sequence Port 2/3/6/7 ra(0) ra(1) ra(2) ra(3) ra(a) ra(s)




image46.wmf
ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ë

é

1

0

0

0

0

1

0

1

0

0

0

1

2

1


oleObject42.bin

image47.wmf
ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ë

é

-

1

0

0

0

0

1

0

1

0

0

0

1

2

1


oleObject43.bin

image48.wmf
ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ë

é

-

-

-

-

1

1

1

1

1

1

1

1

1

1

1

1

3

2

1


oleObject44.bin

image49.wmf
ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ë

é

-

-

-

-

j

j

j

j

j

j

1

1

1

1

1

1

3

2

1


oleObject45.bin

image50.wmf
ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ë

é

-

-

-

-

1

1

1

1

1

1

1

1

1

1

1

1

3

2

1


oleObject46.bin

image3.png
DMRS type 1
15t DMRS
symbol
2nd DMRS.
symbol

Subcarrier
antenna0

antenna1 ”

antenna0
antennal





image51.wmf
ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ë

é

-

-

-

-

j

j

j

j

j

j

1

1

1

1

1

1

3

2

1


oleObject47.bin

oleObject48.bin

oleObject49.bin

image52.wmf
ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ë

é

1

0

0

0

0

1

0

0

0

0

1

0

0

0

0

1

2

1


oleObject50.bin

image53.wmf
ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ë

é

-

-

1

1

0

0

0

0

1

1

1

1

0

0

0

0

1

1

2

2

1


oleObject51.bin

image54.wmf
ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ë

é

-

-

j

j

j

j

0

0

0

0

1

1

0

0

0

0

1

1

2

2

1


oleObject52.bin

image4.emf
0 1 2 3 4 5 6 7 8 9 10 11 12 13

Front-loaded DMRS Additional DMRS

PA0

PA1


image55.wmf
ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ë

é

-

-

-

-

-

-

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

4

1


oleObject53.bin

image56.wmf
ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ë

é

-

-

-

-

-

-

j

j

j

j

j

j

j

j

1

1

1

1

1

1

1

1

4

1


oleObject54.bin

Microsoft_Visio___1.vsdx
0
1
2
3
4
5
6
7
8
9
10
11
12
13
Front-loaded DMRS
Additional DMRS
PA0
PA1



image5.emf
PUSCH

PUSCH

DMRS

Maximum PA Tx power

DMRS

PUSCH transmit power less than 

maximum PA Tx power

PUSCH transmit power equal to 

maximum PA Tx power


Microsoft_Visio___2.vsdx

PUSCH
PUSCH
DMRS
Maximum PA Tx power
DMRS
PUSCH transmit power less than maximum PA Tx power
PUSCH transmit power equal to maximum PA Tx power



image6.wmf
Q


oleObject1.bin

image7.wmf
ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ë

é

Q

=

ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ë

é

-

-

)

(

~

)

(

~

)

(

)

(

)

,

1

~

(

)

,

0

~

(

)

,

1

(

)

,

0

(

,

,

,

,

m

a

m

a

W

m

a

m

a

v

p

p

p

p

l

k

l

k

DMRS

PUSCH

l

k

l

k

m

m

m

r

m

b

M

M


oleObject2.bin

image8.wmf
W


oleObject3.bin

image9.wmf
[

]

T

l

k

l

k

m

a

m

a

v

p

p

)

(

~

...

)

(

~

)

,

1

~

(

)

,

0

~

(

,

,

m

m

-


oleObject4.bin

image10.wmf
T

l

k

l

k

m

a

m

a

p

p

ú

û

ù

ê

ë

é

-

)

(

...

)

(

)

,

1

(

)

,

0

(

,

,

m

r

m


oleObject5.bin

oleObject6.bin

image11.wmf
)

,

1

(

j

diag


oleObject7.bin

image12.png
DMRStype 1 Subcarrier 0 1 2 3 4 5 6 7 8 9 10 1
1stDMRS  antenna0 1/2%(14j)*r1(0) 0 1/2%(14))*r1(1) 0 1/2%(14j)*r1(2) 0 1/2%(1j)*r1(3) 0 1/2*(14)*r1(4) 0 uruq)‘n(s):
symbol  antennal 1/2%(1-)*r1(0) 0 1/2%(1-j)*ri(1) 0 1/2%(1-)*ra(2) 0 1/2%(1-)*r1(3) 0 1/2*(1-j)*r1(8) 0 1/2%(1 )(s) "o
2ndDMRS  antenna0  1/2%(1-)*r3(0) 0 1/2%(1-)*r3(1) 0 1/2%(1-))*r3(2) 0 1/2%(1-)*r3(3) 0 1/2*(1-j)*r3(8) 0 1/2%(1] j)‘r3[5)'
symbol  antennal 1/2%(1+)%r3(0)” 0 1/2%(1+)*r3(1)" 0 1/2%(14)*r3(2) 0 1/2%(14)*r3(3) " 0 1/2%(1+)*r3(a) " 0 1/2%(1+)*r3(5) 0





image13.emf
0 1 2 3 4 5 6 7 8 9 10 11 12 13

Front-loaded DMRS Additional DMRS

PA0

PA1


Microsoft_Visio___3.vsdx
0
1
2
3
4
5
6
7
8
9
10
11
12
13
Front-loaded DMRS
Additional DMRS
PA0
PA1



image14.emf
2/3

0/1

2/3

0/1

2/3

0/1

2/3

0/1

2/3

0/1

2/3

0/1

CDM0

DMRS Configuration Type 1

2/3/6/7

0/1/4/5

2/3/6/7

0/1/4/5

2/3/6/7

0/1/4/5

2/3/6/7

0/1/4/5

2/3/6/7

0/1/4/5

2/3/6/7

0/1/4/5

1-Symbol DMRS 2-Symbol DMRS

CDM1


Microsoft_Visio___4.vsdx
2/3
0/1
2/3
0/1
2/3
0/1
2/3
0/1
2/3
0/1
2/3
0/1
CDM0
DMRS Configuration Type 1
2/3/6/7
0/1/4/5
2/3/6/7
0/1/4/5
2/3/6/7
0/1/4/5
2/3/6/7
0/1/4/5
2/3/6/7
0/1/4/5
2/3/6/7
0/1/4/5
1-Symbol DMRS
2-Symbol DMRS
CDM1



image15.emf
4/5

4/5

2/3

2/3

0/1

0/1

4/5

4/5

2/3

2/3

0/1

0/1

DMRS Configuration Type 2

4/5/10/11

4/5/10/11

2/3/8/9

2/3/8/9

0/1/6/7

0/1/6/7

4/5/10/11

4/5/10/11

2/3/8/9

2/3/8/9

0/1/6/7

0/1/6/7

CDM0

1-Symbol DMRS 2-Symbol DMRS

CDM1

CDM2


Microsoft_Visio___5.vsdx
4/5
4/5
2/3
2/3
0/1
0/1
4/5
4/5
2/3
2/3
0/1
0/1
DMRS Configuration Type 2
4/5/10/11
4/5/10/11
2/3/8/9
2/3/8/9
0/1/6/7
0/1/6/7
4/5/10/11
4/5/10/11
2/3/8/9
2/3/8/9
0/1/6/7
0/1/6/7
CDM0
1-Symbol DMRS
2-Symbol DMRS
CDM1
CDM2



image16.wmf
W


oleObject8.bin

image17.wmf
W


oleObject9.bin

image18.wmf
ú

û

ù

ê

ë

é

1

0

0

1

2

1


oleObject10.bin

image19.wmf
ú

û

ù

ê

ë

é

-

1

1

1

1

2

1


oleObject11.bin

image20.wmf
ú

û

ù

ê

ë

é

-

j

j

1

1

2

1


oleObject12.bin

image21.wmf
ú

û

ù

ê

ë

é

-

j

j

1

1

2

1


oleObject13.bin

oleObject14.bin

oleObject15.bin

image22.wmf
ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ë

é

0

0

0

0

1

0

0

1

2

1


oleObject16.bin

image23.wmf
ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ë

é

0

0

1

0

0

0

0

1

2

1


oleObject17.bin

image24.wmf
ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ë

é

1

0

0

0

0

0

0

1

2

1


oleObject18.bin

image25.wmf
ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ë

é

0

0

1

0

0

1

0

0

2

1


oleObject19.bin

image26.wmf
ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ë

é

1

0

0

0

0

1

0

0

2

1


oleObject20.bin

image27.wmf
ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ë

é

1

0

0

1

0

0

0

0

2

1


oleObject21.bin

image28.wmf
ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ë

é

-

j

0

0

1

1

0

0

1

2

1


oleObject22.bin

image29.wmf
ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ë

é

j

0

0

1

1

0

0

1

2

1


oleObject23.bin

image30.wmf
ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ë

é

-

1

0

0

1

0

0

1

2

1

j


oleObject24.bin

image31.wmf
ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ë

é

-

-

1

0

0

1

0

0

1

2

1

j


oleObject25.bin

image32.wmf
ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ë

é

-

-

j

0

0

1

1

0

0

1

2

1


oleObject26.bin

image33.wmf
ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ë

é

-

j

0

0

1

1

0

0

1

2

1


oleObject27.bin

image34.wmf
ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ë

é

1

0

0

1

0

0

1

2

1

j


oleObject28.bin

image35.wmf
ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ë

é

-

1

0

0

1

0

0

1

2

1

j


oleObject29.bin

image36.wmf
ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ë

é

-

-

1

1

1

1

1

1

1

1

2

2

1


oleObject30.bin

image37.wmf
ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ë

é

-

-

j

j

j

j

1

1

1

1

2

2

1


oleObject31.bin

image38.wmf
ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ë

é

-

-

j

j

j

j

1

1

1

1

2

2

1


oleObject32.bin

image39.wmf
ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ë

é

-

-

1

1

1

1

2

2

1

j

j

j

j


oleObject33.bin

image40.wmf
ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ë

é

-

-

-

-

1

1

1

1

1

1

1

1

2

2

1


oleObject34.bin

image41.wmf
ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ë

é

-

-

-

-

j

j

j

j

1

1

1

1

2

2

1


oleObject35.bin

image1.emf
𝒄 𝒊𝒏𝒊𝒕 ሺ 𝝀 ሻ = ൬ 𝟐 𝟏𝟕 ቀ 𝑵 𝒔𝒚𝒎𝒃 𝒔𝒍𝒐𝒕 𝒏 𝒔 , 𝒇 𝝁 + 𝒍 + 𝟏 ቁ ቀ 𝟐 𝑵 𝑰𝑫 𝒏 𝑺𝑪𝑰𝑫 ′ ሺ 𝝀 ሻ + 𝟏 ቁ + 𝟐 𝑵 𝑰𝑫 𝒏 𝑺𝑪𝑰𝑫 ′ ሺ 𝝀 ሻ + 𝒏 𝑺𝑪𝑰𝑫 ′ ሺ 𝝀 ሻ + 𝟐 𝟏𝟕 ඌ 𝝀 𝟐 ඐ ൰ 𝒎𝒐𝒅 𝟐 𝟑𝟏   Where   𝒏 𝑺𝑪𝑰𝑫 ′ ሺ 𝝀 = 𝟎 ሻ = 𝒏 𝑺𝑪𝑰𝑫   𝒏 𝑺 𝑪𝑰𝑫 ′ ሺ 𝝀 = 𝟏 ሻ = 𝟏 − 𝒏 𝑺𝑪𝑰𝑫   𝒏 𝑺𝑪𝑰𝑫 ′ ሺ 𝝀 = 𝟐 ሻ = 𝒏 𝑺𝑪𝑰𝑫  
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