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1
Introduction
During RAN1 #94bis, following working assumption has been made[1]. 

Working Assumption

· 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
In this contribution, we are provding the details on the DM-RS sequence generation, and additional comments on the remiaing issues.. 

2
Release 16 NR DM-RS sequence for CP-OFDM

We have discussed on PAPR reduction for release 15 NR DMRS, and have made a working assumption, which are as follows.

Working Assumption

· 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 type 1, the schemes in the working assumption is re-using the existing parameters for supporting virtual cell ID for reducing PAPR. On the other hand, for type 2, it was proposed to introduce a parameter, CDM group, in the equation for deriving c_init. However, there is little difference between two different proposals, and the first option has higher complexity and restriction than the second option without any gain. Implementation point of view, they are equivalent because use two sequences for different CDM groups. Thus, we are slightly preferring to use the same terminology for different DM-RS types. 

Observation 1: There is no gain from the method applied to type 1 DM-RS in the working assumption, and it is natural to use the common solution to both type 1 and type 2 DM-RS.
Proposal 1:
 If an UE is configured with “DMRS_sequence_r16” in DMRS-Config, UE shall use the following c_init equation for both type 1 and type 2 DM-RS for CP-OFDM.
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3
DM-RS for π/2-BPSK modulation

During RAN1 #94bis, we have also made one working assumption on DM-RS for pi/2 BPSK modulation as below.

Working Assumption

· 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
This has been discussed also in release 15, and was agreed not to consider in release 15. We have only considered on the PAPR aspect when deciding the scheme in RAN1 prospective, however, before accepting new sequence, we should evaluate the real back-off with the consideration of RF requirements, (i.e. spurious emissions, SEM, ACLR, IBE and EVM ). Since it is introducing several complexity and restrictions, we have to carefully evaluated the real benefit of the proposed schemes. 

In Figure 1, the difference of the simulated boosted pi/2-BPSK backoff with and without the ZC DMRS symbols is illustrated. This illustrates the power gain achieved by dropping the ZC DMRS. Here, 10 MHz bandwidth and 15 kHz SCS is considered. In the case of applying the ZC DMRS, they are located in symbols [0 7 11]. In the simulations, standard RAN4 MPR simulation assumptions and PA model are used. In addition, 3-tap spectrum shaping is applied for the simulated pi/2-BPSK waveform together with a 3 dB boost. This shaping is consistent with both the frequency and time domain constraints described in 38.101-1[2]. For finding the necessary backoff, demands for spurious emissions, SEM, ACLR, IBE and EVM are considered.
In the plotted data, the mean and median difference between of the two backoffs are 0.16 dB and 0.15 dB, respectively. Furthermore, the standard deviation of the data is 0.15. In practical case, pi/2 BPSK is mostly considered for small allocation size (e.g. LCRB<10~15), we can observe that power backoffs are not always better for pi/2-BPSK signal only. 

From the evaluation, we can make the following observation and proposals. 
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Figure 1. Difference of the simulated boosted pi/2-BPSK backoff with and without the ZC DMRS symbols

Observation 2: When evaluating with spectrum shaping and PA model, there is no clear difference in the power backoff between ZC-DMRS and pi/2 BPSK signal with the consideration of RF requirements, (i.e. spurious emissions, SEM, ACLR, IBE and EVM ).

Observation 3: With the lower PRB allocation (less than 20 PRBs), there is no scheme showing clear gain over ther other scheme. 
Proposal 2: Do not support new pi/2 BPSK modulated DMRS sequence in NR release 16.   
Figure 2 and Figure 3 shows the PAPR evaluation when applying 30-best ZC sequence indices for two different spectrum shaping functions. The 30-best ZC sequences are selected based on the lowest PAR without spectrum shaping.  In figure 2, truncated RRC filter is  applied in frequency and in figure3, 3-tap spectrum shaping is applied in time. Both shaping functions are consistent with both the frequency and time domain constraints described in 38.101-1[2].  We have simulated with different simulation BW of 50, 25, 12 and 6 PRBs.  With truncated RC filter, the PAPR of the  selected ZC sequence are mostly comparable to the PAPR of pi/2 BPSK modulated signal.  With 3-tap time domain, the PAPR of selected ZC sequences is around 1 dB higher compared to the PAPR of pi/2 modukated data signals. However, as shown in previous section, this 1 dB PAPR difference not allows difference in the backoff between ZC sequences and pi/2 modulated data.  To update the sequence indices is much easier than to introduce new pi/2 BPSK DMRS sequence in the aspect of complexity in both UE and gNB. Especially for gNB, different channel estimation schemes are required for demodulation of pi/2 BPSK signal when using pi/2 BPSK DMRS sequence without clear performance gain. Thus, instead of using new pi/2 BPSK DMRS sequence, it is possible to consider to find best ZC sequence indices when pi/2 BPSK is used. 
Proposal 3: Study potential gain from the best ZC sequence indices for pi/2 BPSK, and how to implement it in the specification.
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Figure 2. Comparison of PAPR between pi/2 BPSK signal and best 30 ZC sequence indices (simulation BWs are 50,25,12 and 6 PRBs from top-left to bottom-right) . Shaping function truncated RRC filter in frequency
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Figure 3. Comparison of PAPR between pi/2 BPSK signal and best 30 ZC sequence indices (simulation BWs are 50,25,12 and 6 PRBs from top-left to bottom-right). 3 taps shaping function
4
Peak Power Analysis on NR CSI-RS
In TRP side, the transmit power of downlink signal is not dynamically changed, and the consideration of PAPR aspect is different from uplink signal. PAPR is one important aspect of the performance, however, various channels are transmitted with one reference power level, so it is more important to see how much additional increase in peak power is expected for the worst case (e.g. all downlink resources are used.)
In general, the peak power transmission is occurred when all PRBs and all REs in the PRBs are being used for downlink transmission. We have performed evaluation to see the excessive peak power over the peak power of PDSCH transmission with whole BW allocation.
In NR, upto 32 CSI-RS ports can be configured, and maximum 8 CSI-RS ports can be transmitted in one OFDM symbol. Because CSI-RS is only using upto 8REs in a PRB, 4 remaining REs in a PRB can be used for data transmission or can be empty. If the REs are empty, the power level of total CSI-RS compared to the data PRB (with whole RE allocation) is 66.7%, and peak power is also scaled by 2/3. If CSI-RS is multiplexed with data, the repetition pattern removed, and PAPR reduced. We have evaluated PAPR when 8 CSI-RS ports are transmitted in a slot (Row #8 with 4 CDM groups of FD-CDM2 in table 7.4.1.5.3.1-1). In order to consider worse scenarios,  3dB power boosting is assumed for CSI-RS. Figure 4 shows the simulation result of the peak power of CSI-RS and OFDM data w.r.t. the average power of OFDM signal. OFDM data symbols when 256QAM is used for data modulation. Left figure shows the peak power when only 8 port CSI-RS is transmitted and 4REs in each PRB are empty, while right figure is showing PAPR when the remaining 4REs in a PRB are being used for data.
From the evaluation, we can conclude that no further optimization is required for NR release-15 CSI-RS.
There is a crossing region in the right figure, when considering clipping @6~7dB, still CSI-RS peak power is smaller than the peak power of the normal OFDM signal. 
Different from DM-RS, CSI-RS is common to multiple UEs, thus, if we use different CSI-RS sequences for release 15 and release 16, assuming UEs having different capability exist in a cell, gNB cannot utilize release 16 sequnce. 
Observation 4: NR Release-15 CSI-RS has similar or low peak power when comparing with normal CP-OFDM data symbols. 
Observation 5: Because CSI-RS is usually common to multiple UEs in a cell, it is not easy to differentiate the scheme over different releases. 
Proposal 4: No further specification work is necessary for reducing PAPR of NR CSI-RS
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(a) CSI-RS only without FDM with data






   (b) CSI-RS is FDMed with data (4 Layers)
Figure 4. Peak power comparison w.r.t. the DL average signal power of the regular OFDM data (8 ports CSI-RS and 3dB power boosting)
5
DM-RS Power Imbalance Issue

In release 15, there was a discussion on the power imbalance issue between two DMRS symbols when specific precoding is applied. Due to even numbered assigning of +1 and -1 in TD-OCC matrix, when DMRS symbols from a set of DMRS ports(e.g. 0,1,4,5 for type 1 DMRS) are precoded with a specific precoding vector e.g. [1 1 1 1], precoder outputs for the second symbols to be zero. In frequency domain, for type 2 DMRS, the number of +1 and -1 are even, so similar problem is observed. In order to avoid this problem, in DL, some implementation based solution such as precoder cycling, small delay CDD or scheduling restriction can be used.
However in UL, some rank 4 transmission with full coherent precoding matrix W (for codebook based transmission) may be impacted. There are also possible way to avoid this problem by using additional step for antenna virtualization to distribute the signals across multiple physical antennas.   
Observation 6: According to the precoding vector to be applied to multiple DMRS ports, there are cases that the transmit power of one antenna can be reduced abnormally to zero.

Observation 7: Some implementation-based solution can be used for avoiding such problem(e.g. precoder cycling, small delay CDD and antenna virtualization)
Proposal 5: Study the solution to resolve the power imbalance issue by implementation and if specification update is necessary to solve the problem. 
6
Conclusion

Observation 1: There is no gain from the method applied to type 1 DM-RS in the working assumption, and it is natural to use the common solution to both type 1 and type 2 DM-RS.
Proposal 1:
 If an UE is configured with “DMRS_sequence_r16” in DMRS_Config, UE shall use the following c_init equation for both type 1 and type 2 DM-RS for CP-OFDM.
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Observation 2: When evaluating with spectrum shaping and PA model, there is no clear difference in the power backoff between ZC-DMRS and pi/2 BPSK signal with the consideration of RF requirements, (i.e. spurious emissions, SEM, ACLR, IBE and EVM ).

Observation 3: With the lower PRB allocation (less than 20 PRBs), there is no scheme showing clear gain over ther other scheme. 
Proposal 2: Do not support new pi/2 BPSK modulated DMRS sequence in NR release 16.   
Proposal 3: Study potential gain from using best ZC sequence indices for pi/2 BPSK, and how to implement it in the specification.

Observation 4: NR Release-15 CSI-RS has similar or low peak power when comparing with normal CP-OFDM data symbols.
Observation 5: Because CSI-RS is usually common to multiple UEs in a cell, it is not easy to differentiate the scheme over different releases. Proposal 4: No further specification work is necessary for reducing PAPR of NR CSI-RSObservation 6: According to the precoding vector to be applied to multiple DMRS ports, there are cases that the transmit power of one antenna can be reduced abnormally to zero.

Observation 7: Some implementation-based solution can be used for avoiding such problem(e.g. precoder cycling, small delay CDD and antenna virtualization)
Proposal 5: Study the solution to resolve the power imbalance issue by implementation and if specification update is necessary to solve the problem. 
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