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Introduction
This contribution addresses the remaining details on low PAPR RS. There are two issues left for decision:
· Configuration of sequences for CP-OFDM DMRS
· Low PAPR sequence of length 6 for π/2 BPSK for PUSCH
Last meeting the following agreement was made:
Agreement related to CGS sequences
For length 12,18, and 24 respectively, NR Rel-16 supports the binary CGS in the Table C1, C2, and C3 respectively followed by pi/2 BPSK modulation followed by DFT as DMRS sequence forπ/2 BPSK modulation for both PUSCH and PUCCH.
· The above is applicable to single-symbol DMRS configuration
· FFS: CGS for two-symbol DMRS configuration
Table C1, C2, and C3 can be found in R1-1901362
· For pi/2 BPSK Rel.16 sequence design for PUSCH DMRS of length ≥30
· Cell ID default scrambling parameter(s) unless configured otherwise
· Use c_init formula from Rel.15 CP-OFDM DMRS and reuse Rel-15 Gold sequence generator

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

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


Applicability of Rel.16 DMRS sequences for PUSCH
For DCI formats 0_0 and 1_0, only a single port can be used and there is thus no PAPR issue for CP-OFDM. Hence, Rel.16 DMRS sequences, if enabled by RRC, should apply only when scheduled using DCI format 0_1 and 1_1. This also ensures safe fall-back operation during reconfiguration.
[bookmark: _Toc1053462]For CP-OFDM, if Rel.16 DMRS is configured by RRC, it only applies when scheduled by DCI formats 0_1 and 1_1 or with a PUSCH transmission with configured grant.
Another open issue is whether Rel.16 sequences should apply for Msg3 transmission in the RA procedure. The UE can be configured with Rel.16 DMRS using signalling over LTE in non-stand alone NR. Hence, when performing random access on the NR carrier (even if connected to LTE simultaneously) the network doesn’t know the identity of the NR UE trying to access the carrier and hence, doesn’t know whether the UE is configured with Rel.16 DMRS or is using the legacy Rel.15 DMRS. Hence, Rel.16 DMRS cannot be used in the random access procedure before the UE identity on the NR carrier has been identified. Therefore, Rel.15 DMRS must be used for Msg3. 
[bookmark: _Toc1053463]For Msg3 PUSCH in RA procedure using CP-OFDM or DFT-s-OFDM, Rel.15 DMRS is always used even if Rel.16 DMRS is configured to the UE
Then, for DFT-s-OFDM with pi/2 BPSK modulation, the new DMRS sequences provide a PAPR benefit also for single port transmission.  Hence, of Rel.16 sequences are configured, they can be used also when scheduled from DCI format 0_0 and C-RNTI,CS-RNTI or MCS-C-RNTI. Hence

[bookmark: _Toc1053464]For pi/2-PBSK modulation, if Rel.16 DMRS is configured by RRC, it applies when scheduled by DCI formats 0_1 and 0_0 and using C-RNTI, CS-RNTI and MCS-C-RNTI, or with a PUSCH transmission with configured grant

Pi/2 BPSK sequence initialization for PUSCH
For pi/2 BPSK sequences of length 30 or longer, there is no sequence or group hopping as we have for the Rel.15 Zadoff-Chu sequences. However, due to the slot number dependence of c_init, there will be randomization of sequences over time.  Therefore, if Rel.16 sequences are configured for pi/2 BPSK, there is no need for dynamic indication of sequence selection in DCI format 0_1.
[bookmark: _Toc1053465]For pi/2-PBSK modulation, if Rel.16 DMRS is configured by RRC, then is assumed in cinit formula is configured by the dedicated RRC message 
If Rel.16 CGS are used for PUSCH, then group hopping over the 30 sequences is used, and there is only need for a single RRC parameter nPUSCH-Identity. Hence, there is no need for the dynamically indicated n_SCID in DCI format 0_1  
[bookmark: _Toc1053466]For pi/2-PBSK modulation with CGS, if Rel.16 DMRS is configured by RRC, then the RRC parameter  configured by RRC is used as nPUSCH-Identity. 
TD-OCC, length-6 CGS and PRBS seed optimization
One remaining issue is the length-6 CGS. In [1], we make an analysis and it is observed that the auto-correlations of CGS in [1] and agreed for length 12,18 and 24 in [3] have been tailored towards port 0 transmissions. If a length-4 block-TD-OCC design is used,
   First comb:       “port 0”,      “port 1”
Second comb:  “port 2”,      “port 3”
it can be observed that the auto-correlation of these ports differ significantly.  
Observation 1 The auto-correlations of sequences mapped on port 1, port 2 and port 3 can be significantly improved if the block TD-OCC is considered in the CGS design.
The question is then do we need to re-design sequences to consider the use of four ports as the current design is made for a single port?
In addition, orthogonality in time-domain via block TD-OCC transforms into orthogonality in frequency-domain as 
.
Hence, intra-comb orthogonality can only be preserved in cases when channels have flat spectrum over the whole PUSCH allocation. A consequence of this is that intra-comb orthogonality is not guaranteed after spectrum shaping.
Observation 2 Intra-comb orthogonality via block TD-OCC is not guaranteed after spectrum shaping and requires channel flatness over the whole PUSCH allocation.
Although significant SNR saturations can be observed due to FDSS and dispersive channels [1], in scenarios with very low SNR operation levels, such as those addressed by DFT-spread DMRS in [2] [1] (10% BLER at roughly -7.5 dB SNR), the interference due to intra-comb non-orthogonality would be small in comparisons to the noise level. 
Observation 3 The impacts of intra-comb non-orthogonality due to spectrum shaping and dispersive channels could be small given the SNR (noise) level in which pi/2-BPSK will be considered.
One can question the need to support up to 4-layer MU-MIMO in scenarios with highly power limited UEs in which overlaid PUSCH transmissions can evidently degrade the BLER performance with several dBs [3]. Furthermore, given that CGS have been designed without considering TD-OCC, it seems reasonable to only map DFT-spread base sequences, , to either first or second comb.
[bookmark: _Toc1053467]DFT-spread base sequences of length  are mapped to either first or second comb hence maximum two ports are supported.
For length-6 CGS, it was decided to consider time-domain DMRS based on 8-PSK modulation. The proposed 8-PSK length-6 base sequences in [3] have a maximum PAPR of around 2 dB and reasonable correlation properties for mapping DFT-spread length-6 sequences to either first or second comb. On the other hand, if it is decided to use TD-OCC, these base sequences result in very poor auto-correlations for port 1,2 and 3. In that case, TD-OCC should be considered in the CGS design and selection as in [1].
Without TD-OCC, the 8-PSK base sequences in [3] can be adopted.
[bookmark: _Toc1053468]If TD-OCC is decided to be supported, adopt the 8-PSK base sequences in [1].
In [4], it was shown that PRBS seeds can result in sequences with poor auto-correlations, which turned out to degrade the BLER significantly (4 dB or more). The importance of DMRS spectrum flatness on BLER performance was also pointed out in the design of CGS [5]. However, good overall auto-correlations (spectrum flatness) was not a design objective for the selection of CGS in [2][1], as can be observed from the figures in Appendix Error! Reference source not found. in [1].
[bookmark: _Toc1053469]No seed optimizations (cinit restrictions) for PRBS generated pi/2-BPSK DMRS.
This implies also that there is one configuration of Rel.16 sequence that applies to all lengths.
[bookmark: _Toc1053470]Configuration of Rel.16 sequence for pi/2 BPSK PUSCH DMRS supports Alt.A : One configuration of Rel.16 sequence applies to all lengths
Conclusion
Based on the discussion in this contribution we make these proposals:

Proposal 1	For CP-OFDM, if Rel.16 DMRS is configured by RRC, it only applies when scheduled by DCI formats 0_1 and 1_1 or with a PUSCH transmission with configured grant.
Proposal 2	For Msg3 PUSCH in RA procedure using CP-OFDM or DFT-s-OFDM, Rel.15 DMRS is always used even if Rel.16 DMRS is configured to the UE
Proposal 3	For pi/2-PBSK modulation, if Rel.16 DMRS is configured by RRC, it applies when scheduled by DCI formats 0_1 and 0_0 and using C-RNTI, CS-RNTI and MCS-C-RNTI, or with a PUSCH transmission with configured grant
Proposal 4	For pi/2-PBSK modulation, if Rel.16 DMRS is configured by RRC, then is assumed in cinit formula is configured by the dedicated RRC message
Proposal 5	For pi/2-PBSK modulation with CGS, if Rel.16 DMRS is configured by RRC, then the RRC parameter  configured by RRC is used as nPUSCH-Identity.
Proposal 6	DFT-spread base sequences of length  are mapped to either first or second comb hence maximum two ports are supported.
Proposal 7	If TD-OCC is decided to be supported, adopt the 8-PSK base sequences in [1].
Proposal 8	No seed optimizations (cinit restrictions) for PRBS generated pi/2-BPSK DMRS.
Proposal 9	Configuration of Rel.16 sequence for pi/2 BPSK PUSCH DMRS supports Alt.A : One configuration of Rel.16 sequence applies to all lengths
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