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The WID states:
Perform study and make conclusion in the first RAN1 meeting after start of the WI, and if needed, specify CSI-RS and DMRS (both downlink and uplink) enhancement for PAPR reduction for one or multiple layers (no change on RE mapping specified in Rel-15)
Hence, RAN1 need to make a conclusion in RAN1#94bis whether DMRS and CSI-RS enhancements should be specified in Rel.16. This is the most important decision to make in the meeting. If we decide to go ahead, we can try to further discuss and narrow down the potential solutions for analysis targeting a decision at RAN1#95. 
CP-OFDM DMRS issue
Here follows an overview of the reported evaluations on PAPR for CP-OFDM using Rel.15 DMRS.
The evaluation results for CP-OFDM DMRS can be summarized as follows:
· The PAPR difference has been evaluated by 11 companies, either
· between symbols containing Rel-15 DMRS and symbols containing PUSCH/PDSCH, or
· between Rel-15 DMRS and a potential Rel-16 DMRS enhancement
· The potential PAPR reduction benefit of specification-based enhancement is in the range 1.8-4.0 dB
· Depending on DMRS type, rank, probability threshold, sub-band/wide-band precoding 
· Two companies evaluated impact on throughput degradation due to the use of Rel-15 DMRS and it varies between 0 and 13% depending on the used clipping threshold (8 and 7 dB was evaluated)
· One company showed the effects of power imbalance across OFDM symbols as well

	Company
	PAPR enhancement potential (CCDF)
	Throughput evaluations / other eval

	ZTE (R1-18102223)
	2 dB @ 10-4 for Type 1 DMRS
2.2 dB @ 10-4  for Type 2 DMRS
	No throughput benefit of PAPR enhancement at 8 dB clipping threshold (fixed MCS)

	vivo (R1-1810405)
	2 dB @ 10-4 for Type 1 DMRS
1.9 dB @ 10-4  for Type 2 DMRS
	

	MediaTek (R1-1810437)
	2 dB @ 10-4 for Type 2 DMRS rank 2 and 4
3.8 dB @ 10-4 for Type 2 DMRS rank 6
	Increased OOB spectrum emission demonstrated due to power imbalance issue

	CATT (R1-1810558) 
	2 - 4 dB @ 10-4 for Type 2 DMRS for rank 2-6
*CM increases 2-5 dB
	

	AT&T (R1-1810603)
	3 and 2 dB @ 10-3  for rank 4 and 3 respectively
	

	Huawei, HiSilicon (R1-1810703)
	1.88 and 2.43 dB @ 10-4 for Type 1 DMRS for rank 2 and 4
1.21 and 1.42 dB @ 10-4 for Type 1 DMRS for rank 2 and 4 with subband precoding (PRG=2)
	

	Intel (R1-1810793)
	2.4 dB @ 10-1 for Type 1, rank 2,3
3 dB @ 10-1 for Type 2, rank 6
	

	OPPO (R1-1810968)
	2 dB @ 10-2 for Type 2, rank 2 (port 0,2)
>2dB @ 10-2 for Type 2, rank 4 (port 0,1,2,3)
2-4 dB (?) @ 10-2 for Type 2, rank >4 
	

	Ericsson (R1-1811184, R1-1811545)
	2 dB @ 10-4 for Type 2 DMRS rank 2
3.7 dB @ 10-4 for Type 2 DMRS rank 6
	· 13% throughput loss with 7 dB clipping threshold with link adaptation (rank 1 and 2) and with PRG=2 @SNR=25 dB

	Qualcomm (R1-1811280)
	2.24-2.53 dB @ 10-4 for Type 1 DMRS rank 2
	

	Nokia (R1-1811410)
	1.8 dB @ 10-4 for Type 1 DMRS rank 2
2.5 dB @ 10-4 for Type 2 DMRS rank 6
	



Recommendation for CP-OFDM DMRS
The CP-OFDM DMRS views can be summarized as follows:
· 12 companies conclude on support for Rel.16 DMRS enhancements 
· 11 of these supports PAPR reduction enhancement
· 5 of these supports resolving power imbalance issue in addition to PAPR issue
· 1 company support resolving power imbalance issue only and for UL only
· 3 companies conclude on no support for Rel.16 DMRS enhancements
· Reasons are gives as:
· Backward compatibility and scheduler limitation is an issue if specified
· PAPR issue can be solved by gNB implementation (multi-TRP/panel)
· Sub-band precoding can reduce the PAPR issue (somewhat)
· PAPR issue can be avoided by configuration, 
· e.g. for rank 1-4 by using two front loaded DMRS symbols (using maxLength=2)
· 1 company is undecided
· Backward compatibility and scheduler limitation need to be addressed before agreeing to Proposal 2
Due to the supermajority of companies (12 out of 15) support Rel-16 enhancement for PAPR, it is proposed to agree on these two proposals:
[bookmark: _Toc524683087][bookmark: _Toc525917220]For DMRS in case of CP-OFDM, RAN1 concludes that there is an issue with high PAPR for PDSCH and PUSCH transmission relative to data symbols for some DMRS configurations. Ranges are 1.8- 2.53 dB for rank 2 transmission and 2dB ~ 4dB for rank 4 transmission.

Enhancements for PDSCH DMRS and PUSCH DMRS are specified in Rel.16 to reduce the PAPR to similar level as for data symbols. The network can indicate to the UE whether Rel.15 or Rel.16 DMRS is used (i.e. optional for gNB). Carefully consider backward compatibility issue in the specification phase. 

Please provide comments on these proposals:
	Company
	Comment 

	vivo, MediaTek, CATT, AT&T, Qualcomm, Intel, Ericsson, Nokia, LG Electronics, Panasonic, Verizon Wireless
	Support proposal 1 and 2

	ZTE
	Proposal 1 seems unnecessary or can be merged with proposal 2. 
We acknowledge PAPR of current DMRS design is higher than data. But no much performance loss is caused if proper clipping threshold is used. 8dB clipping threshold is a typical value. Proponents should provide throughput evaluation results.
Furthermore, most proposed enhancements have backward compatibility issue which will restrict MU-scheduling between R15 users and R16 users. In consequence, the system capacity will be decreased. The benefit of DMRS enhancement should be justified and larger than the performance loss caused by scheduling restriction. However, no one provides the comparison between the benefit and the loss. 

	Ericsson comment
	Reply to ZTE:
8 dB seems a very high clipping threshold, not sure where you got that number, it will lead to large an inefficient PA. Typically clipping is between 6 and 9 dB, see also CATT paper. We have throughput results with link adaptation in R1-1811184 and for fixed MCS 64QAM (same as ZTE) in R1-1811545). Backward compatibility issue can be avoided by scheduler (MU-MIMO in different CDM groups) or alternatively there are backward compatible solutions proposed where R.15 and R.16 UE can share the same CDM group, see R1-1811542. Hence, no loss can be achieved by specification based solution.

	Oppo
	We still think the PAPR issue can be avoided via gNB implementation, e.g. configuration of the DMRS ports with low PAPR. Most DMRS configurations in 38.212 would not lead to PAPR issue except the DMRS ports grouping designed for multiple TRPs/panels. These configurations don’t need to be used in single panel/TRP scenario. Hence, these would not be a PAPR issue.

	Samsung
	Expected PAPR/CM/throughput performance loss per rank should be captured first. Proposal 1 and 2 is too general/high level to accurately reflect which parts need to be enhanced. Therefore, we propose the following revision on the proposal 1 and 2.

Proposal 1. For DMRS in case of CP-OFDM, the following PAPR enhancements over data symbols were observed from a subset of available DMRS port pairs:
· 1.8dB ~ 2.53dB for rank 2
· 2dB ~ 4dB for rank 4

Proposal 2. FFS PDSCH DMRS and PUSCH DMRS enhancements in Rel.16 to reduce the PAPR taking into account the following aspects:
· Backward compatibility and scheduler limitation
· Flexibility on gNB/UE implementation choice (i.e. the potential specification enhancement should be an optional feature)
· Further implementation based optimizations from the observations in proposal 1.


	Docomo
	Support proposal 1 and 2. However, we would like to clarify that this enhancement for PAPR is optional for gNB for 	backward compatibility, i.e. Rel. 16 gNB has option whether to use this enhancement.

	Huawei, HiSilicon
	For proposal-1, we need to clarify it is only in some special cases.

Then, before discuss Proposal-2, backward compatibility issues should be addressed as discussed in our Tdoc. Since there are a lot of Rel-15 UEs in a long term, the backward compatibility is very important. 




Regarding the power imbalance issue, further online discussion on this proposal is needed. 
For DMRS in case of CP-OFDM, enhancements to address the cross-symbol power imbalance is specified in Rel.16 for PDSCH DMRS and PUSCH DMRS.
	Company
	Comment 

	vivo, MediaTek, Intel, Spreadtrum, Ericsson, Verizon Wireless
	Support proposal 3

	ZTE
	Power imbalance issue seems not in the WI scope. We prefer to discuss it after when there is consensus to revise the WI in the future RAN plenary meeting.

	Samsung
	Agree with ZTE

	OPPO
	Agree with ZTE. It is out of the scope of the WID.

	Huawei, HiSilicon
	We also think it is out of the scope of WID, we cannot discuss it here.

	Nokia, NSB
	Not support.
Because different sequence over different symbol is used, no such power imbalance is occurred. 



A summary of the proposals to conclude on the need for Rel-16 spec enhancements is given in the table below 
	Company
	Proposal
	Motivation / comments

	ZTE (R1-18102223)
	Do not support enhancement
	· No obvious performance gain at 8 dB clipping threshold. 
· Backward compatibility issue. 

	LG Electronics (R1-1810305) 
	Support enhancement 
	· The PAPR problem is fundamentally caused by the current rule of sequence to antenna port mapping which has been observed enough through many contributions
· CDM group specific sequence supported

	vivo (R1-1810405)
	Support enhancement of PAPR  
Support enhancement of power imbalance issue 
	· Spec impact small
· No need to change DMRS table
· RS PAPR can be reduced to PUSCH level
· CDM  group specific sequence supported

	MediaTek (R1-1810437)
	Support enhancement for PAPR 
Support enhancement of power imbalance issue 
	· Power imbalance in time domain and high PAPR. 
· Evenly spaced high power REs in the frequency domain
· Impact on in-band and out of band emission. 
· Risk to fail spectrum emission mask (SEM) test
· CDM group specific operations supported

	CATT (R1-1810558)
	Support enhancement for PAPR and Cubic Metric 

	· Performance
· The issue increases possibility of clipping for Crest Factor Reduction (CFR) (assuming the threshold for the clipping is usually 6dB-9dB). 
· Backward compatibility needs to be taken into account, including CDM group sharing between Rel-15 and Rel-16

	AT&T (R1-1810603)
	Support enhancement for PAPR
	· Redesigning the RF chain and adding new clipping circuit is avoided
· Port index specific sequence supported

	Huawei, HiSilicon (R1-1810703)
	Undecided 
	· Backward compatibility and scheduler limitation need to be addressed

	Intel (R1-1810793)
	Support enhancement for PAPR 
Support enhancement of power imbalance issue
	· Support PAPR reduction by modifying 2nd and 3rd CDM group sequence
· Support power imbalance by OCC toggling

	Samsung (R1-1810888)
	Do not support enhancement for PAPR
	· Can be avoided by gNB configuration of dmrs-Type=1 and maxLengh=2 for up to rank 4 transmissions

	OPPO (R1-1810967)
	Do not support enhancement for PAPR
	· PAPR is not an issue for UL due to multi-panel or for cell central UE that can use rank >2
· Only rank>4 have issue and is a corner case
· Multi-panel / multi- TRP can be used in DL if multiple CDM groups are used
· Subband precoding can be used

	Ericsson (R1-1811184)
	Support enhancement for PAPR 
	· Implementation based solutions are computationally demanding and may not be universal

	Qualcomm (R1-1811280)
	Support enhancement for PAPR 

	· Support physical subcarrier specific sequence
· Send an LS to RAN4 which informs RAN4 that there exist antenna port combinations (e.g., ports {0,2}) in both PxSCH DM-RS which result in the PAPR of CP-OFDM DM-RS to be 2-3 dB higher than the CP-OFDM data symbols

	Nokia (R1-1811410)
	Support enhancement for PAPR 
	· If we use clipping at DFE, performance degradation is expected.
· Implementation based solutions have limitations with some scenarios
· Support CDM group specific sequence or OCC code

	Spreadtrum (R1-1811394)
	Support enhancement for power imbalance issue for UL
	



CSI-RS issue
The evaluation results for CP-OFDM DMRS can be summarized as follows:
· The PAPR difference compared to per CDM group specific sequence was evaluated by 6 companies
· The difference ranges from -1 dB to +6.2 dB depending on 
· the number of used CDM groups/ports, 
· whether implementation solution was used or not and 
· whether CSI-RS was FDM with data or not
· whether CSI-RS was transmitted with full or reduced power

	Company
	PAPR/CM degradation

	ZTE (R1-18102223)
	~1.7 dB @ 10-4 for 8 port CSI-RS

	CATT (R1-1810558)
	2-3.5dB at the 99% percentile with 2 or 3 CDM groups (up to 12 ports/symbol)

	Samsung (R1-1810888)
	~0.8 dB @ 10-3 for a 4 port CSI-RS
~0.6 dB @ 10-3 for a 4 port CSI-RS with gNB implementation solution

	OPPO (R1-1810967)
	0.8 dB with 2 FD-CDM groups @ 10-2
2.2 dB with 4 FD-CDM groups@ 10-2
CM: 4.4 dB with 2 FD-CDM groups 
CM: 5.3 dB with 4 FD-CDM groups

	Ericsson (R1-1811184)
	2 dB @ 10-4 for 4 port CSI-RS, no data
1.4 dB @ 10-4 for 4 port CSI-RS, FDM w/ data
6.2 dB @ 10-4 for 12 port CSI-RS, no data
* Full power utilization

	Nokia (R1-1811410)
	-1 dB @ 10-4 for 2 FD-CDM groups, without FDM with data*
1.5 dB @ 10-4 for 2 FD-CDM groups, with FDM with data
* Power backoff with 1.77 dB from full power, CCDF shifted to the left




Recommendation for CSI-RS
A summary of the proposals to conclude on the need for Rel-16 spec enhancements is provided below:
The views on CSI-RS can be summarized as follows:
· 10 companies conclude on support for Rel.16 CSI-RS enhancements 
· 1 of these supports resolving power imbalance issue in addition to PAPR issue
· 5 companies conclude on no support for Rel.16 CSI-RS enhancements
· Reasons are gives as:
· 1 company states that there is no issue: CSI-RS have similar or lower PAPR compared to data symbols 
· Backward compatibility and overhead an issue if specified
· It is possible to configure non-problematic CSI-RS configurations and to configure partial band CSI-RS to resolve the issue
· Full power CSI-RS transmission is not justified
· Lack of time in Rel-16 (specification effort)
· PAPR in gNB not essential
This proposal should be possible to agree on based on the evaluations
For CSI-RS, RAN1 evaluations observed a PAPR increase between -1 dB and +6.2 dB relative to data symbols depending on CSI-RS resource configuration. 
This proposal need online discussion
For CSI-RS, enhancements are specified in Rel.16 for CSI-RS to reduce the PAPR to similar level as for data symbols.  The network can indicate to the UE whether Rel.15 or Rel.16 CSI-RS resource is used (i.e. optional for gNB). Carefully consider backward compatibility issue in the specification phase. 
[bookmark: _GoBack]
	Company
	Comment 

	vivo, MediaTek, Intel, Spreadtrum, CATT, AT&T, Ericsson, Intel, Verizon Wireless
	Support proposal 4 and 5

	ZTE
	We acknowledge PAPR of current CSI-RS design is higher than data. But how much performance loss is caused if proper clipping threshold is used. Proponents should provide throughput evaluation results.
Furthermore, the new CSI-RS will cause double CSI-RS overhead since CSI-RS sharing will be impossible between R15 users and R6 users. The benefit of CSI-RS enhancement should be justified and larger than the performance loss caused by higher CSI-RS overhead. However, no one provides the comparison between the benefit and the loss. 

	Ericsson comment

	Reply to ZTE: The overhead increased is analysed in R1-1811184 and is about 0.4% which is negligible. The loss due to clipping if we don’t fix this problem is likely much larger than 0.4% throughput loss. 


	Samsung
	Proposal 4 does not reflect the overall observation. While PAPR increase is observed, there is no consensus whether it is sufficiently high.
Therefore, there is no consensus on proposal 5.

	Ericsson comment
	Reply To Samsung: I revised Proposal 5 to better reflect the observations

	Oppo
	Firstly, the scenarios with CSI-RS PAPR higher than data are only very restricted cases. Secondly, high PAPR of CSI-RS can be avoided via gNB implementation. With proper CSI-RS configuration, the CSI-RS PAPR can be similar to that of data without scheduling restriction.

	Docomo
	Support proposal 4 and 5. However, we would like to clarify that this enhancement for PAPR is optional for gNB for 	backward compatibility, i.e. Rel. 16 gNB has option whether to use this enhancement.

	Huawei, HiSilicon
	Not ok for the two proposals. 
As analysed in our Tdoc, the PAPR is only in the minimal cases with simultaneously with Precoded CSI-RS, multiple CDM groups in a symbols are occupied, and not multiplexing with data. 
Even for the cases, precoded CSI-RS is also with beamforming gain to enhance the coverage. 
Also, there are also some solutions can be addressed them, such as using the other configurations in the case that UE.
Then, the CSI-RS overhead will be increased due to the CSI-RS cannot be shared with Rel-15 and Rel-16 UEs. Since the precoded CSI-RS is UE-specific or UE group specific configuration, so the overhead will be increase much.

	Nokia, NSB
	Not Support. 
Due to low CSI-RS density per port, no such big power increase is occurred. CSI-RS EPRE is relative to SSB, and the evaluation has been done without assuming such higher power boosting value. 
From our evaluation, even with 3dB power boosting, no power problem exists. No strong reason to send CSI-RS with higher power than DM-RS, so 3dB gain is enough assumption. 
Different from DMRS, CSI-RS is transmitted to several UEs as common. And, no easy way to transmit two CSI-RS without increasing overhead. So, having two different CSI-RS in a BW is not a good solution, unless big problem.



	Company
	Proposal
	Motivation / comments

	ZTE (R1-18102223)
	Do not support enhancement of PAPR
	· Full power CSI-RS transmission with high PAPR is not yet justified. 
· Partial band CSI-RS and non-full power CSI-RS can be used. 
· CSI-RS overhead increase 

	LGE (R1-1810305) 
	Support enhancement of PAPR
	· The PAPR problem is fundamentally caused by the current rule of sequence to antenna port mapping which has been observed enough through many contributions
· Support by CDM group specific sequence

	vivo (R1-1810405)
	Support enhancement of PAPR

	· Spec impact small
· RS PAPR can be reduced to PUSCH level
· Support by CDM group specific sequence

	MediaTek (R1-1810437)
	Support enhancement of PAPR and power imbalance 

	· Power imbalance in time domain and high PAPR. Impact on in-band and out of band emission. Risk to fail spectrum emission mask (SEM) test
· Support by CDM group specific operations

	CATT (R1-1810558)
	Support enhancement for PAPR/CM 

	· Performance
· Backward compatibility (port sharing) needs to be taken into account


	AT&T (R1-1810603)
	Support enhancement for PAPR 
	· Redesigning the RF chain and adding new clipping circuit is not preferred
· Support by port index specific sequence 

	Huawei, HiSilicon (R1-1810703)
	Do not support enhancement for PAPR
	· Not necessary, when it shows up in some cases it can be avoided by gNB configuration or implementation
· Backward compatibility issue

	Intel (R1-1810793)
	Support enhancement for PAPR
	· Support by modifying per CDM group sequence

	Samsung (R1-1810888)
	Do not support enhancement for PAPR
	· Can be handled by gNB implementation

	OPPO (R1-1810967)
	Do not support enhancement for PAPR
	· Rel-16 MIMO has limited time
· PAPR in gNB is not an essential issue
· Problematic configurations can be avoided by gNB

	Ericsson (R1-1811184)
	Support enhancement for PAPR
	· Enables precoded CSI-RS for arbitrary port configuration (any specified row can be used)
· Enables FDM between CSI-RS and PDSCH without risk of clipping

	Nokia (R1-1811410)
	Do not support enhancement for PAPR
	· Evaluations show CSI-RS have similar or lower PAPR compared to data symbols




 DFT-s-OFDM DMRS issue

	Company
	PAPR enhancement potential (CCDF)
	Proposal

	Qualcomm (R1-1811280)
	Almost 2 dB relative to PUSCH for filtered case @ 10-4  for 180 tones
	· NR Rel-16 supports new DMRS sequence for /2 BPSK modulation. 
· For length 30 or larger, the new DMRS is based on gold-sequence followed by /2 BPSK modulation then followed by DFT.
· For length 12, 18, and 24, adopt DMRS sequence as in Table 1, 2, 3 of R1-1811280 for/2 BPSK modulation.

	Ericsson (R1-1811185)
	Around 2 dB relative to PUSCH for filtered case @ 10-4 for 240 tones
	· Any DM-RS design for DFT-spread pi/2 BPSK shall support DMRS Type 1 mapping



The views on pi/2 BPSK DMRS can be summarized as follows:
· 13 companies conclude on support of Proposal 6 below 
· 1 company conclude on no support for Proposal 6 below

It is proposed to agree on this proposal
NR Rel-16 supports new DMRS sequence for /2 BPSK modulation for the used DMRS Configuration Type 1. 

	Company
	Comment 

	Qualcomm
	Support Proposal 6

	ZTE
	Since /2 BPSK modulation is usually for UEs with power limitation, SU is the most common case. So backward compatibility issue is not critical.  In addition, this is more relevant to improve coverage compared to the PAPR enhancements on CP-OFDM.  Therefore, we prefer this enhancement over the PAPR enhancements on CP-OFDM.  

	AT&T
	Support Proposal 6

	Panasonic
	Support Proposal 6

	IITH, IITM, Tejas Networks
	We support Proposal 6

	CEWiT
	Support Proposal 6

	Nokia, NSB
	Not support. 
It gives serious implementation impact to gNB requiring two different schemes for channel estimation. Also, limiting MU-MIMO capability in UL which is critical for UL efficiency..
Due to limitation of UE TX power, having larger power back-off is not always effective to support coverage extension.

	Ericsson
	Support Proposal 6

	Jio
	Support Proposal 6

	Apple
	Support proposal 6. DMRS design was leftover of Rel-15 due to time limit. Which DMRS sequence, whether it is configurable by NW, can be left for further discussion, But it is, at least beneficial, for Rel-16 to provide alternative design with better DMRS sequence of lower PAPR

	CeWiT
	Support proposal 6

	Panasonic
	Support Proposal 6
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