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1
Introduction
During RAN1 Ad-hoc #1901, we have made following agreements and conclusion on the low PAPR RS [1].

Agreement

The RRC parameters DMRS-DownlinkConfig and DMRS-UplinkConfig are extended to configure the alternative use of Rel. 16 sequence selection and behavior for the 2nd and 3rd CDM group for PDSCH and PUSCH respectively and for CP-OFDM only. DCI is not used to select between Rel.15 and Rel.16 behaviour.

Agreement

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 for π/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

Agreement

· For pi/2 BPSK Rel.16 sequence design for PUSCH DMRS of length ≥30

· sdf

· 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

· 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:
For length 6 CGS; 8-PSK is used

Decide the associated sequences in the next RAN1 meeting

Conclusion

Multiple companies in RAN1 have identified a power imbalance issue due to the some combinations of Rel.15 DMRS and some MIMO precoding matrices
· For example, it may occur for some cases of two symbol DMRS and two or four layer MIMO for a UE 

· Some companies claim this can be avoided by implementation based solutions for PDSCH and PUSCH

Agreement
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

In this contribution, we have provided our view on several remaining issues on the low PAPR RS design. 
2
new CGS for two symbol DMRS
Though we have agreed sets of CGS of length 12,18 and 24 for DMRS sequence for pi/2 BPSK modulation, they are only confirmed for single symbol DMRS. One proposal has introduced a concept of complementary sequence, which is equivalent to extend the sequence length into double. The main motivation was to provide better frequency domain flatness for guaranteeing channel estimation performance, however, we have already evaluated with the single symbol sequence with the consideration of frequency flatness as well as BLER performance. Thus, we don’t see necessary to introduce new sequence for two symbol DMRS.
Proposal 1: The same CGS sets are used for both single and two symbol DMRS for pi/2 BPSK modulation.  

3
Configuration of release 16 DMRS for pi/2 BPSK
Regarding to the configuration of new DMRS for pi/2 BPSK modulation, there are several open issues identified.
Regarding to the discussion on the configuration of new DMRS sequence, we don’t see necessary to introduce any new procedure only for this feature, and it is natural to follow up the existing procedure.

In the current specification, there is no way to configure pi/2 BPSK for random access procedure. Higher-layer parameter tp-pi2BPSK is the only way to enable pi/2 BPSK, however, it is configurable only in PUSCH/PUCCH-Config. Thus, during random access procedure, the configuration should follow-up the configuration in Rach-ConfigCommon, and pi/2 BPSK cannot be enabled.  
Observation 1: There is no procedure has been defined for pi/2 BPSK modulation in random access procedure. 
Proposal 2: new DMRS for pi/2 BPSK modulation is not used for Msg3 transmission.

Similar as the previous discusson, it is natural that the configuration of new DMRS sequence can follow the existing  configuration for transform precoding and pi/2 BPSK modulation. Because this is enabled with UE capability, and once enabled, the configuration is not expected to be changed in a cell. Thus, we don’t need any new agreement on this function other than new RRC parameters for enabling this function. 
Proposal 3: No further procedure is necessary for new DMRS for pi/2 BPSK other than new RRC parameters. 
4
DM-RS generated by Gold-sequence and pi/2 BPSK modulation
The frequency flatness is one important requirement for DM-RS. Time-domain Gold-sequence with pi/2 BPSK modulation is providing Low PAPR, however, its frequency domain characteristic especially for frequency flatness is not guaranteed. Figure 1 shows the CDF of DM-RS amplitude variation to the average in frequency domain for DM-RS with pi/2 BPSK modulation. More than 10dB of variation is observed for 10%, and for some frequency bins, DMRS amplitude drop to zero, and it is a critical problem in the channel estimation performance. 
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Figure 1. CDF of DM-RS amplitude in the frequency domain (8 PRBs, measured over 65536 different sequences)
Also, cross-correlation property has been evaluated with 100000 randomly selected pair of sequences. Figure 2 shows the CDF of cross-correlation when randomly selected sequences are used. Though most sequences showed cross-correlation lower than 0.2, around 10% of sequences are showing higher correlation even more than 0.4. 
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Figure 2. CDF of DM-RS cross-correlation in the frequency domain (8 PRBs, 100000 randomly selected pair of sequences)
Next, we have selected two sets of 30 sequences for performance comparison. The first set (Set 1) is selected based on  optimizing frequency domain characteristics of the candidate sequences in terms of amplitude variation and cross-correlation property. The second set (Set 2) is based on random selection of sequences. The c_init values, identifying the sequences are provided in Table 1 for each set.
Table 1. examples of the sequence set for different selection criteria

	
	Sequence indices for initialization (cinit)

	Set 1
(selected)
	235804588   1722197616    323164298    921673340   1189312122    144174104    668862116   1661407360   1408110076    373812832  620168744    859479518   1309904130    751202848   1877927932    631446426    959340252    585816870   1432839056   1263706594  1220987936    390781238    719980326   1857983092    140209166   1880238082   1546620764    388755078    100652628   1880052396

	Set 2
(random)
	984872050    740225540     55711202   1534474728    681461444   1304633930   1573059146   1595128450    433751118   1962895572  839065002    485688530    714289602    645918996   1506965922   1210545840   1068168518    922110248    557002802   1767089890  29021598    714224066    342005946   1666628408   1768597222    930777406   1249550782   1807465630    814904002    299287288


Figure 3 shows the comparison of the amplitude response for DM-RS with the two different sequence sets. As shown in the graph, high amplitude fluctuation is observed with Set 2 while Set 1 is providing limited variation and lower peak value. 
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Figure 3. Comparison of the amplitude response for DM-RS with two different sequence sets. (sequence length = 48)
Figure 4 shows the comparison of the cross-correlation matrix for DM-RS sequences in two sequence sets. Because the sequences in Set 1 is selected with the criteria of cross-correlation lower than 0.2, lower cross-correlation than Set 2 is observed. 
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  (b) Set 2
Figure 4. Comparison of the cross-correlation performance for DM-RS with two different sequence sets. (sequence length = 48)

Finally, we have evaluated BLER performance for each set, and Figure 5 provides the BLER performance evaluated. Because the pi/2 BPSK modulation is used for coverage enhancement, the performance with the channel having large delay spread should be taken into account. Considering worst sequences, required SNR for Set 2 over Set 1 is almost 3 dB @ 10% BLER, and more than 5dB @ 1% BLER. If we compare this with release 15 ZC sequence, the SNR degradation is upto 4 dB @ 10% BLER. This means, without further optimization of sequence seletion, all gain from low PAPR of pi/2 BPSK modulation diminished by BLER degradation. 
Observation 2. Randomly selected Gold-sequence with pi/2 BPSK is not always providing coverage enhancement even with PAPR gain due to worse BLER performance, and even worse than release 15 DM-RS sequences when frequency domain channel estimation is applied.  
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Figure 5. Comparison of the BLER performance for DM-RS with two different sequence sets. (sequence length = 48, TDL-C-1000ns, 1Tx2Rx)

From the evaluation result, we can observe that random selection of sequence doesn’t necessarily provide any gain when frequency domain channel estimation is applied. Channel estimation scheme is one of key factor to determine the complexity of gNB receiver. Because channel estimation for CP-OFDM is based on frequency domain channel estimation, additional time domain channel estimation scheme introduces higher complexity. In fact, a DFT-based time-domain channel estimation scheme can reduce the complexity, to gurantee the performance, the DFT-size should be large enough to compensate the noise enhancement in frequency domain. Thus, according to gNB implementation, it is required to provide freedom to gNB’s choice. Though we have proposed to use a selected sequence set instead of random selection, it wasn’t agreed. Then, at least, NR should provide the way to avoid configuring non-preferred set of sequences. 
Proposal 4: In order to allow flexibility of gNB implementation, define RRC parameter for Release 16 DMRS for pi/2 BPSK modulation independently for sequence length ≥30 and <30.

Though new DMRS sequence is using the same sequence with DMRS for CP-OFDM, it doesn’t mean inheritance of all features used in DMRS for CP-OFDM to DMRS for DFT-s-OFDM. Because UE cannot know which MCS is signalled in DCI before decoding, in order to use nSCID for pi/2 BPSK modulation, nSCID for DFT-s-OFDM should be always transmitted regardless of what MCS is scheduled. Furthermore, the additional degree of freedom by two in selection of c_init value does not guarantee that either of the alternative sequences provide good properties in respect to cross-correlation or frequency domain amplitude response. Thus there is large overhead with uncertainty on possible gain.    
Observation 3. additional degree of freedom by 2 doesn’t provide solid performance gain while increasing DCI overhead regardless of MCS to be scheduled. Also, the scheme cannot be used with DCI format 0_0.  

Proposal 5: Do not support signalling of nSCID in DCI for DMRS for pi/2 BPSK modulation.
5
Port Multiplexing of release 16 DMRS for pi/2 BPSK
For release 16 DMRS for pi/2 BPSK modulation, multiple ports are able to be multiplexed only by FDM manner by using different combs. In order to increase the number of the ports, new time-domain scheme should be added. However, pi/2 BPSK is not intended for higher capacity but coverage extension. Multiplexing different UEs scheduled with pi/2 BPSK is not frequently occurred. Also, potential timing mis-alignment between PUSCHs from different UEs may occur interference even with FDM, and additional complexity is required to compensate the interference. 
To introduce such many new schemes is a big burden to both UE and gNB implementation, and it is recommended to use only SU-MIMO or at most FDM-based port multiplexing.

In fact, we are supporting DMRS RE mapping to be no-Comb as used in PUCCH format 3/4, due to violation with WID, just propose not to support any additional multiplexing scheme other than FDM.

Proposal 6: For release 16 DMRS for pi/2 BPSK modulation, support only SU-MIMO(Alt 0) or FDM-based port multiplexing (Alt 1).
6
Conclusion

Proposal 1: The same CGS sets are used for both single and two symbol DMRS for pi/2 BPSK modulation.  

Observation 1: There is no procedure has been defined for pi/2 BPSK modulation in random access procedure. 

Proposal 2: new DMRS for pi/2 BPSK modulation is not used for Msg3 transmission.

Proposal 3: No further procedure is necessary for new DMRS for pi/2 BPSK other than new RRC parameters. 
Observation 2. Randomly selected Gold-sequence with pi/2 BPSK is not always providing coverage enhancement even with PAPR gain due to worse BLER performance, and even worse than release 15 DM-RS sequences when frequency domain channel estimation is applied.  

Proposal 4: In order to allow flexibility of gNB implementation, define RRC parameter for Release 16 DMRS for pi/2 BPSK modulation independently for sequence length ≥30 and <30.

Observation 3. additional degree of freedom by 2 doesn’t provide solid performance gain while increasing DCI overhead regardless of MCS to be scheuduled. Also, the scheme cannot be used with DCI format 0_0.  

Proposal 5: Do not support signalling of nSCID in DCI for DMRS for pi/2 BPSK modulation.

Proposal 6: For release 16 DMRS for pi/2 BPSK modulation, support only SU-MIMO(Alt 0) or FDM-based port multiplexing (Alt 1).
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Appendix. Simulation Assumptions 

	System bandwidth
	20 MHz

	Numerology
	30 KHz SCS

	Channel
	TDL-C 300ns/1000ns @ 12km/h

	Number of Antennas
	UE Tx=1, gNB Rx =2

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

	Number of UEs
	1 UE

	# RBs for PUSCH
	8 RBs 

	Carrier Frequency
	4 GHz

	Coding rate
	0.25

	Coding
	NR LDPC + CRC

	Receiver
	Frequency-domain Channel Estimation and Ideal Noise Estimation


