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1
Introduction
During RAN1 #96, we have made following agreements and conclusion on the low PAPR RS [1].

Agreement

When Rel-16 sequence for pi/2 BPSK PUSCH DMRS is configured, the Rel-16 sequence is used for all sequence lengths.
Agreement

For the case of CGS sequence in case of two adjacent symbol DMRS, the same CGS sets are used for both single and two symbol DMRS for pi/2 BPSK modulation.

· FFS: Whether or not to support deterministic sequence hopping pattern 
Agreement

For CP-OFDM, if Rel.16 DMRS is configured by RRC, it only applies when scheduled by DCI formats 0_1 and 1_1 or with a PUSCH transmission with configured grant.

· Note: It is up to the editor whether/how to capture this agreement

Agreement

If Rel-16 DMRS is configured by RRC for PUSCH with pi/2 BPSK modulation, the Rel-16 DMRS applies when scheduled by DCI formats 0_1 and 0_0 and using at least C-RNTI, CS-RNTI, SP-CSI-RNTI and MCS-C-RNTI, when applicable or PUSCH transmission with configured grant

· Search space for DCI format 0_0: Rel-16 DMRS for at least USS is supported

Agreement

The PUSCH multiplexing capacity when Rel-16 DMRS is configured for pi/2 BPSK PUSCH is up to two ports for one OFDM symbol, four ports (TD-OCC across OFDM symbols) for two OFDM symbols.

Note: Qualcomm showed strong concern on the benefits of pi/2 BPSK due to this agreement

Agreement

The PUCCH multiplexing capacity when Rel-16 DMRS is configured for pi/2 BPSK PUCCH is a single port

Note: Qualcomm showed strong concern on the benefits of pi/2 BPSK due to this agreement

Agreement

· For PUSCH DMRS with pi/2-BPSK modulation, two RRC parameters ScramblingID0 and ScramblingID1 can be configured by RRC as for CP-OFDM DMRS (16 bit per ID)

· Used in cinit for length ≥30 as n_ID^{n_SCID=0}, n_ID^{n_SCID=1}

· For length<30, these parameters are used as N_ID^PUSCH is configured as either ScramblingID0 or ScramblingID1 depending on DCI

· DCI indicates n_SCID={0,1} dynamically, without increasing DCI size to select the above parameter

· Antenna port indication is re-used for n_SCID indication as follows:

· DMRS port 1000,1002,1004 and 1006 are interpreted as port 1000,1002,1004 and 1006, respectively, with n_SCID=0

· DMRS port 1001,1003,1005 and 1007 are interpreted as port 1000,1002,1004 and 1006, respectively, with n_SCID=1

Agreement

· Rel.16 DMRS is not supported for MSG3 transmissions, Rel.15 behavior is used for MSG3

In this contribution, we have provided our view on several remaining issues on the low PAPR RS design. 
2
DM-RS hopping pattern for pi/2 PBSK modulation
During RAN1 #96, we have agreed to use the same set of CGS for single and double symbol DM-RSs, however, we are still keeping a discussion point of deterministic hopping pattern. Though there could be some gain from the combination of two sequences in terms of auto-correlation property, different performance impact is expected according to the channel condition, implementation or multiplexing options. Also, deterministic hopping pattern can generate unnecessary collision between UEs having the same hopping pattern across the cells. Thus, level of randomization should be supported, and performance can be handled by the hopping parameter NIDPUSCH. Because existing agreement was based on the observation that new DM-RS provides comparable BLER performance, we don’t see need for further optimization to achieve small gain. 

Proposal 1: The same hopping method is applied for Rel-15 and Rel-16 DMRS for pi/2 BPSK modulation.  

3
Length 6 CGS for DMRS for pi/2 BPSK
During e-mail discussion triggerred by feature lead, 4 alternatives have been identified as below.
· Alt.1 pre-DFT block-OCC [X -X] and use length N  DFT and a single sequence set X

· Property: AC,XC,PAPR different for the two combs  (due to [X X] and [X -X])

· A single sequence set X design may take into account AC,XC and PAPR for both the XX and the X -X mapping, i.e. for mapping to any of the two combs

· Alt.2 Rel-15 Type 1 Mapping with a single sequence  set X, i.e., sequence X in time domain gives same frequency domain sequence on both combs

· Property: AC,XC same on both combs, PAPR different for the two combs

· Mapping to 2nd  comb can be implemented either pre-DFT (by applying exp(j*2*pi*n/N))  or post-DFT (direct mapping to 2nd comb)

· A single sequence set X may be designed independently of which comb is assumed with respect to XC,AC properties since resulting XC and AC will be the same for each  comb

· However, the single sequence set X may be designed to take into account PAPR for mapping to any of the two combs since PAPR will differ between the two combs assuming  same FDSS filter

· Alt.3 With two  different sequence sets X1 and X2 to be used use for first and second comb respectively, further categorized into

· Alt.3-a:  As in Alt.1 where instead two sequence sets X1 and X2 are designed for use as [X1 X2] or [X2 -X2] for the two combs respectively  in order to optimize XC,AC and PAPR per comb

· Alt.3-b:  As in Alt.2 where instead two sequence sets X1 and X2 are designed for each of the two combs respectively in order to optimize XC,AC  and PAPR per comb

· Alt.4 Pre-DFT symbol level OCC and use length N  DFT (e.g. [++++…], [+-+-+-+-]) 

· See R1-1901792
In general, alternatives can be categrized as two solutions. First solution is to use the same sequnce for both comb, and the other is to use the different sequence for each comb. The first solution is considering the optimization is up to UE implementation by applying different spectral shaping function, while the second solution is specification-based solution. 

Observation 1: Alternatives are categorized as following two solutions
· Solution 1: Use the same sequence for both comb – Alt. 2

· Solution 2: Use different sequence for each comb – Alt.1, Alt. 3 and Alt 4

In gNB complexity prospective, it is preferable to have simple solution without differentiating sequences for different comb, however, a specification based solution may be an easy way to achieve the performance improvement. For the second option, it is beneficial to have a complete optimization rather than a systematic sub-optimal solution because it is a CGS design only for length 6 sequence. Thus, we are preferring either alt.2 or alt.3-b without introducing sub-optimal solution. Also, the design should consider the cross-correlation property across combs under the assumption of large delay spread/frequency offset for Alt.3-b. 

Observation 2: CGS design is aiming to obtain a complete design of sequence set, and for option 2, it should be a best effort optimization for each sequence set instead of using a systematic sub-optimal solution.. 

Proposal 2: Support sequence generated with the principles of either Alt.2 or Alt.3-b. for length 6 DM-RS for pi/2 BPSK modulation.
4
Conclusion

Proposal 1: The same hopping method is applied for Rel-15 and Rel-16 DMRS for pi/2 BPSK modulation.  

Observation 1: Alternatives are categorized as following two solutions

· Solution 1: Use the same sequence for both comb – Alt. 2

· Solution 2: Use different sequence for each comb – Alt.1, Alt. 3 and Alt 4

Observation 2: CGS design is aiming to obtain a complete design of sequence set, and for option 2, it should be a best effort optimization for each sequence set instead of using a systematic sub-optimal solution. 

Proposal 2: Support sequence generated with the principles of either Alt.2 or Alt.3-b. for length 6 DM-RS for pi/2 BPSK modulation.
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