Page 4
Draft prETS 300 ???: Month YYYY
[bookmark: OLE_LINK25][bookmark: _GoBack]3GPP TSG RAN WG1 Meeting #95                                R1-1813982                                                                      
Chengdu, China, October 8th - 12th, 2018 

Source:	Ericsson
Title:	Feature lead summary of low PAPR RS
Agenda Item:	7.2.8.5
Document for:	Discussion and Decision
[bookmark: _In-sequence_SDU_delivery]Previous decision
In the previous meeting, the following decision was taken in RAN1:
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

This summary address contributions made to RAN1#95 and is organized in these areas:
1. DMRS solution for CP-OFDM in DL and UL
2. Regarding CSI-RS PAPR reduction
3. DMRS solution for pi/2-BSPK modulated UL for PUCCH and PUSCH respectively
4. Power imbalance issue

Regarding the working assumption
The discussion have identified a strong desire to confirm the working assumption from RAN1#94 before proceeding with the discussion on the details.

The working assumption from RAN1#95 on low PAPR RS for Rekl-16 NR is confirmed as an agreement
CP-OFDM DMRS issue
The working assumption leaves some further details to be agreed, for the sake of the discussion first define these suggested values for cinit. First, it is observed that the Rel-15 cinit for DMRS is given by 

And for nSCID=0,1 we have the two seeds A and B in Rel-15 as 


And we can also cross combine the selection of by nSCID to get these two cinit without modifying the expression:


To support three CDM groups, some proposals suggest to further increasing the last scalar (i.e. impacting on the LSB)



Other proposals instead modify near the MSBs as follows:





  

Lastly, there is one proposal that instead keep the formula (i.e. A and B) but instead make an offset K to the RRC configured 




DMRS PAPR reduction proposals
With these definitions in the previous section, we can first summarize the proposals for DMRS Type 1 as

	Alt.
	Supporting company
	DMRS Type 1 proposal

	1
	Ericsson, Intel, Samsung, CMCC, vivo, MediaTek, NEC, Oppo, CATT, Panasonic
	CDM group λ=0, nscid={0,1}   {A,B} 
CDM group λ=1, nscid={0,1}   {B,A}

	2
	Qualcomm
	CDM group λ=0, nscid={0,1}   {A,B} 
CDM group λ=1, nscid={0,1}   {C,D}

	3
	ZTE
	CDM group λ=0, nscid={0,1}   {A,B} 
CDM group λ=1, nscid={0,1}   {A’,B’}

	4
	Nokia
	Some solution based on , details not given

	5
	AT&T
	Add 1 bit in DCI to signal  for 2:nd CDM group



Please comment on at least these solutions 1-5 in the table below, highlighting drawbacks and benefits 
	Company
	Comments on DMRS Type 1 proposals

	NEC
	Alt 1.
Backward compatibility should be considered for the new sequence, while for some schemes, such as increasing the last scalar or the MSB, it’s impossible to find a proper value of  and  for legacy UE to get a same value of  as Rel-16 UE, then orthogonal co-scheduling within same CDM group is impossible.
In addition, for uplink DMRS, as PAPR is from per UE perspective, so only the indication with DMRS ports from two CDM groups need the enhanced sequence, i.e. if DMRS ports only from one CDM group, there is no PAPR issue, so legacy sequence in Rel-15 is enough.

	ZTE
	When two NID are the same, Rel-15 sequence should be the same. This fall back mode is very useful for interference estimation in the case when Rel-15 UE and Rel-16 UE are co-scheduled.

	Ericsson
	Alt.1 
Not sure I understand the comment from ZTE, clarification is needed. Assume Rel.15 and a UE X is scheduled, the UE can then assume that a co-scheduled UE Y using another port in the same CDM group as UE X will use the same sequence, to maintain orthogonality. However, a UE X cannot make any assumption of the sequence used for a port used in another CDM group. It can be any sequence. In fact, it is very likely that it will not be the same sequence since this will create the PAPR issue at the gNB side. It seems ZTE want to enforce that if the two N_ID are the same for a REl-16 UE then we have {A,A} and {A,A} for the two CDM groups? Is that your proposal? If so it means we have PAPR issue for this configuration of same N_ID?


	Intel
	Alt. 1This option preserves backwards compatibility as well as provisioning for dynamic TRP switching.

	Samsung
	We think the WA for DMRS should be confirmed first. 

	Qualcomm
	We also think the whole WA should be confirmed first and then continue with further discussions

	OPPO
	Agree to confirm the WA.

	Panasonic
	Alt. 1 due to backward compatibility

	Nokia, NSB
	We are fine with Alt. 2, which allow both PAPR reduction and virtual cell ID.  

	CATT
	Alt.1, with modification to support switching between Rel.15 sequence mapping (two codepoints) and Rel.16 sequence mapping (two codepoints) by extending nSCID field to 2-bit. 



Unless the discussion identifies that Alt.1 has shortcomings, we can base a decision on the majority view, i.e.: 

For DMRS type 1, where CDM group λ=0, nscid={0,1} implies selection of {A,B} respectively, while for CDM group λ=1, nscid={0,1} implies selection of {B,A} respectively, where A and B are the two  in Rel-15 DMRS with nscid={0,1} respectively.

In addition to this proposal, there are two suggested amendments:
· 

[ZTE]:  Introduce a restriction: when  =  is configured by higher layers, then Rel-15 DMRS sequence is used for the two CDM groups.
· [CATT:] Increase DMRS signaling bitfield to 2-bit in DCI, where two codepoints indicate Rel.15 mapping, and the other two codepoints indicate new Rel.16 mapping (with different sequences across CDM groups).

By using the definitions above, we can summarize the proposals for DMRS Type 2 as

	Alt
	Supporting company
	Nscid={0,1}  {…} for CDM group λ
	λ explicit in 

	
	
	λ=0
	λ=1
	λ=2
	

	1
	Ericsson
	{A,B}
	{B,A}
	{C,D}
	No

	2
	Qualcomm
	{A,B}
	{C,D}
	{E,F}
	No

	3
	Huawei, HiSilicon
	{A,B}
	{H,J}
	{K,L}
	Yes

	4
	ZTE
	{A,B}
	{A’,B’}
	{A’’,B’’}
	Yes

	5
	vivo
	{A,B}
	{B,A}
	{B,A}
	No

	6
	Oppo, AT&T
	{A,B}
	{C,F}
	{E,G}
	Yes

	7
	NEC, Samsung
	{A,B}
	{B,A}
	Using new  
	No

	8
	Samsung
	Solution based on adding 1,2 or 4 additional  
	No

	9
	MediaTek, LGE
	Solution where cinit is based on λ
	Yes

	10 
	Nokia, Nokia Shanghai Bell
	Solution based on , details not given
	Yes

	11
	CATT
	{A,B}
	{B,A}
	New Cinit generating equation N (in section 3)
	Yes



Please comment on at least these solutions 1-10 in the table below, highlighting drawbacks and benefits 
	Company
	Comments on DMRS Type 2 proposals

	NEC
	In current spec, in most cases, DMRS ports are from CDM group 0 and CDM group 1. So at least for CDM group 0 and group 1, similar scheme as DMRS type 1 is enough, which can provide scheduling flexibility and backward compatibility.
In addition, for uplink DMRS, as PAPR is from per UE perspective, and per UE can be scheduled with DMRS ports from up to 2 CDM groups (even up to 3 CDM groups are supported for DMRS type 2), so only the indication with DMRS ports from two CDM groups (for both cases of CDM group 0+1 and CDM group 1+2) need the enhanced sequence, i.e. if DMRS ports only from one CDM group, there is no PAPR issue, so legacy sequence in Rel-15 is enough.

	ZTE
	When two NID are the same, Rel-15 sequence should be the same. This fall back mode is very useful for interference estimation in the case when Rel-15 UE and Rel-16 UE are co-scheduled.
We are also fine to add four additional NID which is straightforward way. 

	Ericsson
	Alt.1.
Note that using E,F,G as in Alt.2 and Alt.6 have problem since the last term overflows and runs into the second last term and this may cause a non-unique c_init (two sets of parameters give the same c_init) which is undesirable. 

	LGE
	Agree with CATT and MediaTek. In consideration of three CDM groups of DMRS type 2, it is difficult to introduce the similar solution with DMRS type 1 and there are many possible options to be considered as captured above. For simplicity, it would be desirable to modify the current cinit with an additional consideration on the CDM group index denoted by λ, i.e., as a function of λ in addition to the slot index, symbol index, and so forth, since λ is already indicated by DCI. Regarding the backward compatibility issue for MU scheduling Rel.15 UE and Rel.16 UE, this could be addressed by allowing MU scheduling between those UEs only within CDM group 0.


	Samsung
	High-level consensus on the required flexibility, consistency with type 1 DMRS needs to be discussed first.

	Huawei, HiSilicon
	Support the Proposal-2 to confirm the working assumption for Type-2 and fall back mode for CDM group index=0 case. 
Not the same understanding with Samsung in the reply, both Type-1 and 2 are in the WA, so should be the same priority on them. Not sure why Type-2 need to align Type-1 in the Samsung’s comments.

	Qualcomm
	A quick comment to Ericsson:
Not sure if E,F,G have the c_init problem that you describe, because the N_ID is also appearing in the first portion of the c_init. I agree that the value if  is some value X, this value can be achieved also by , but then note that the  will be different than 

	Nokia, NSB
	We are supporting any simple solution aligned with type 1. 
{A, B}, {C, D}, {A, B} or {C, D} looks fine for λ=0,1 and 2 respectively. 

	CATT
	Two options as Alt-8 and Alt-10 are suggested. For alt-10 applied to all CDM groups and alt-8 the function only for  CDM2, we suggest a new formula as below:
N= ，is the slot number within a radio frame for a certain subcarrier spacing.
which is equivalent of choosing three different sequences within a radio frame to the according three CDM groups, all the Cinit are guaranteed to be unique among the three CDM groups.
We slightly prefer alt-8 since it has consistency with type1 DMRS  and allows MU scheduling in both CDM group0 and 1,  while alt-10 only allows MU scheduling in CDM group0



At least for CDM group λ=0, it seems we can base a decision on the majority view, i.e.: 

For DMRS type 2, the CDM group index λ is explicit in  for Rel-16 DMRS sequence generation and for CDM group λ=0, nscid={0,1} implies selection of {A,B} respectively, where A and B are the two  in Rel-15 DMRS with nscid={0,1} respectively. 


For CDM groups λ=2,3 there has been further discussions at RAN1#95 to reach a compromise solution. A complete DMRS sequence proposal which has quite large support is the following

[bookmark: _Hlk529864447]For DMRS type 2, the following  for CDM group is used for Rel-16 DMRS sequence generation
 
where 




Note that Proposal 2 for DMRS type 1 is also covered by Proposal 4 for the two first CDM groups, hence Proposal 4 could be a generic formula that can be used for both Type 1 and 2. 
Signalling 
In addition, there is another issue that needs to be sorted out:
· The mechanism (dynamics) for configuration of Rel.16 DMRS for UL and DL respectively, in particular whether RRC, RRC+MAC CE or RRC+DCI is used to switch between Rel-16 DMRS and Rel-15 DMRS
· See contributions from Huawei (DCI), Qualcomm (RRC), CMCC (DCI) 

Please comment on this configuration dynamics aspect, highlighting drawbacks and benefits 
	Company
	Comments on mechanism for configuration

	NEC
	For DMRS type 2, in our opinion, similar scheme as DMRS type 1 can be obtained. So uniform proposal can be:
For DMRS type 1 and DMRS type 2, in CDM group λ=0, nscid={0,1} implies selection of {A,B} respectively, while for  CDM group λ=1, nscid={0,1} implies selection of {B,A} respectively  where A and B are the two  in Rel-15 DMRS with nscid={0,1} respectively
In addition, for uplink DMRS, only the cases with DMRS ports from 2 CDM groups need enhancement, so we propose:
For uplink DMRS, new DMRS sequence scheme is only applied for the cases with DMRS ports from 2 CDM groups. 

For uplink DMRS type 2, if DMRS ports are from 2 CDM groups, for one CDM group (CDM group with lower index), nscid={0,1} implies selection of {A,B} respectively, while for the other CDM group, nscid={0,1} implies selection of {B,A} respectively, where A and B are the two  in Rel-15 DMRS with nscid={0,1} respectively. 

With the proposals, reusing current structure is enough to handle the PAPR issue, and also backward compatibility/ scheduling flexibility can be maintained. We think there is no need of additional signaling.

	ZTE
	MU-interference estimation is very important when Rel-15 and Rel-16 UE are co-scheduled. For instance, two Rel-16 UEs and one Rel-15 UE use three CDM groups respectively, the Rel-15 UE cannot know the sequence of Rel-16 UEs, interference estimation is impossible. 
Therefore, we support 1 bit DCI signaling to dynamic selection the legacy sequence or the new sequence. 

	Ericsson
	Support proposal 2. We are fine to study DCI based switch between Rel.16 and Rel.15 behavior to see if there are any clear benefits in terms of MU-MIMO operation.

	Samsung
	Do not prefer to determine details only for CDM group 0. Pros and cons of full set of designs should be discussed carefully.

	Huawei, HiSilicon
	Support DCI to sequence indication for MU pairing cases. Backward compatibility should be supported as described in the working assumption. If the sequence is not the same between Rel-15 and Rel-16, then the interference mitigation will be a problem between for Rel-15 UEs, which will be implemented firstly.

	Qualcomm
	We don’t agree on confirming partially the WA. We can only agree with confirming the WA as it was agreed without any bullets left out. 
We don’t see the benefits of DCI-based choice of Rel-15 and Rel-16 sequences. To start with, 2 UEs can always be FDMed with different comb, so no problem with the sequences there. It should also be noted that performance of FDMing UEs will generally be better than CDMing even if the sequences are the same. 
Then, lets assume that just FDMing UEs does not provide enough scheduling flexibility, and some scheduler really wants to CDM a Rel-15 and Rel-16 UE. This can be done at least with the first comb easily where the same sequence for Rel-15 and Rel-16 is used. This may allow for 2 UEs CDMed with Type-1 1-symbol, or 4 UEs with Type-1/2 2-symbol, and this is on top of the FDMing that can already happen between Rel-15 and Rel-16 UEs.

	OPPO
	In our opinion, DCI based sequence switching needs to be justified. Considering UE scheduled with MU-MIMO is usually configured with low rank, CDM based on CDM group 0 and/or FDM can be sufficient for multiplexing between Rel-15 and Rel-16 UEs. Then dynamic switching for sequences in CDM group 1/2 seems unnecessary.

	Nokia, NSB
	Not support partial agreement. 

	CATT
	Suggest to extend the DCI to 2bits to support the change between the  of NR Rel-15 and NR Rel-16. And 2bits DCI are enough for TYPE1 and TYPE2 cases. RRC scheduling is not flexible enough for MU cases, for the flexibility of the network scheduling when there are circumstances that PAPR may not be a problem but the backward compatibility is the main concern.



CSI-RS issue
On CSI-RS, it was agreed part of the working assumption at RAN1#94 to discuss at RAN1#95 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.

Companies views can be summarized as

	Proposal
	Supporting companies
	Note

	Support specification-based enhancements using a group specific cinit
	Ericsson, ZTE, MediaTek, CATT, Panasonic, LGE
	PAPR issue has been identified and if DMRS is enhanced, so should CSI-RS

	No support for specification-based enhancements
	Samsung
	Implementation based solutions can reduce the PAPR

	
	Huawei
	Based on working procedure and WID content

	
	Oppo
	Only 4 and 8 port CSI-RS needs to be considered for PAPR reduction

	
	Nokia, Nokia Shanghai Bell
	No PAPR issue for CSI-RS has been identified



There seem to be a need for further discussion at RAN1#95 and input from additional companies is encouraged. Please comment on CSI-RS PAPR reduction and on each other’s contributions, highlighting drawbacks and benefits 

	Company
	Comments on CSI-RS PAPR reduction

	ZTE
	No reason to object the enhancement for CSI-RS. It is very similar with DMRS type 2. Even data can be multiplexed with CSI-RS in the same symbol, PAPR of CSI-RS is still higher than data.

	Ericsson
	Agree with ZTE. Not clear why Oppo exclude PAPR reduction for more than 8 ports. For Nokia, it seems they rely on power de-boosting of CSI-RS to get more headroom for PAPR, and we have concerns on the coverage of CSI-RS in this case. For Huawei, we’d appreciate if we keep the discussion technical and not refer to procedural arguments. It was clearly decided last meeting as part of the WA to discuss CSI-RS at this meeting. 

	LGE
	Agree with Ericsson, ZTE, MediaTek, CATT, and Panasonic. The PAPR problem has been sufficiently identified throughout several meetings, where the PAPR problem is also caused by the same sequence usage between different CDM groups similar to DMRS case, and hence this issue could be addressed with the similar way which is currently discussed for PAPR reduction for DMRS.

	Huawei, HiSilicon
	From the scope of WID, the decision of CSI-RS enhancement should be done in the first meeting, if there is no consensus on the first meeting, it means already out of scope. 
Then, from the technique, there are very few cases with PAPR issue (need beamformed CSI-RS, multiple CDM groups are occupied, and no datat multiplexed in a symbol). In the NR design, there are many other candidates can replace the cases if it ready happen (such Row 7 or 8 instead of Row 6 for 8 port beamformed CSI-RS in the scenario of PAPR sensitive cases). The detailed analysis can be found in [R1-1813707].

	Samsung
	Similar view with Huawei.
It is clear that there have been no consensus on CSI-RS PAPR. We suggest to capture this and make more progress for DMRS.

	OPPO
	Similar views as Huawei.
For CSI-RS more than 8 ports, the CSI-RS is not beamformed and there will be only one CSI-RS port in one antenna even when one port is mapped to multiple antenna elements. Then there is not PAPR issue. For CSI-RS less than or equal to 8 ports, the CSI-RS configuration with low PAPR can be configured to avoid significant PAPR increase. 
CSI-RS should be enhanced only when it is necessary but not just because there is similar enhancement to DMRS.

	Panasonic
	CSI-RS PAPR is quite apparent and following similar solution as for DMRS PAPR reduction should be considered

	Nokia, NSB
	As we have provided, no serious problem is observed with CSI-RS PAPR. And, not prefer to differentiate Release 15 and 16 CSI-RS due to additional overhead to support both.

	CATT
	Support enhancement, similar solution as DMRS type 2. 



DMRS PAPR reduction for π/2 BPSK
On DMRS for PAPR reduction, these companies’ provided input for sequence design, 
 
	Company
	Input on pi/2 BPSK issue

	Qualcomm, Intel, ZTE, IITH, CEWiT, Reliance Jio, IITM, Tejas Networks
	Support and detailed new sequence design proposals are given in their tdocs.

	Ericsson, Huawei, HiSilicon, Panasonic
	Support and study further the details, selection metrics for new sequences are proposed in tdocs

	Nokia, Nokia Shanghai Bell
	Do not support new sequences in Rel.16, instead study potential gain from selecting the best ZC sequence 



Based on the majority view, it is recommended to continue the design of new sequences following the working assumption. A comparison with ZC sequences (including selection of best ZC sequences) can be done as well.

Please comment on this approach for this issue
	Company
	Comments 

	Ericsson
	-

	ZTE
	The progress of pi/2 BPSK is already much lower than that for CP-OFDM. The same level progress should be achieved for pi/2 BPSK and CP-OFDM.

	Qualcomm
	Proponents supporting time domain Pi/2 BPSK sequence design already submitted concrete proposals to this meeting. However, we don’t see any concrete proposal from proponents supporting further optimizing ZC showing how to do so. Based on Rapporteur’s schedule, we should conclude the design of PAPR reduction for DMRS in this meeting. Without concrete proposals on ZC optimization, adopting time domain Pi/2 BPSK solution should be a good starting point to complete this WI in time.

	Nokia, NSB
	When considering PA modeling and MPR requirement, there is no fundamental difference between ZC DMRS and pi/2 BPSK DMRS. (See R1-1813492)
Both ZC and pi/2 BPSK can achieve maximum transmit power considering MPR defined in TS38.101. 
But, pi/2 BPSK DMRS requires additional complexity such as time domain channel estimation due to its complex frequency domain spectrum shape. Also, pi/2 BPSK based PN sequence, the correlation property in frequency domain is varying sequence to sequence.  

	
	



Sequence selection metrics
A first step towards design may be to decide on metrics used for sequence selection. Based on the input from companies, the following is proposed:

Metrics to consider for new sequence design for pi/2 BPSK DMRS are the gNB receiver complexity, PAPR relative to data, link level throughput performance and channel estimation performance considering frequency domain flatness and autocorrelation properties, interference considering cross correlation properties and when applicable (e.g. PUCCH), orthogonality of sequences

Please comment on this proposal 
	Company
	Comments on the proposal

	Ericsson
	Support proposal 3

	Intel
	OK with Proposal 3

	Huawei, HiSilicon
	Fine with it

	Samsung
	Fine with the update above (adding “for pi/2 BPSK DMRS”).

	Qualcomm
	Since channel estimation performance is just an intermediate metric, we think link level throughput is a better metric for performance evaluation. We suggest update the Proposal 3 as below

Metrics to consider for new sequence design are the PAPR relative to data, link level throughput performance considering frequency domain flatness and autocorrelation properties, intercell interference considering cross correlation properties, and when applicable (e.g. PUCCH), orthogonality of sequences

Another comment is that comparing to PAPR and link level performance, cross-correlation is a secondary metric, because Pi/2 BPSK is normally with very low operating SNR, i.e. below 0dB. In low SNR region, noise is anyway dominating factor while intercell interference is not that important. 


	Nokia, NSB
	Due to bad frequency flatness characteristic, different channel estimation method should be used for pi/2 BPSK DMRS. So, gNB receiver complexity should be considered.
Also, MPR requirement considering proper PA modeling should be taken into account in comparison with ZC sequence.



Time domain vs Frequency domain design
An open issue is whether sequences should be designed in time of frequency. The views are captured as

	Company
	Design domain

	Qualcomm, Intel, ZTE, IITH, CEWiT, Reliance Jio, IITM, Tejas Networks, Ericsson
	Time domain

	Huawei, HiSilicon, 
	Frequency domain or Time domain (TBD)



Based on the majority view, the proposal is given below. For PUCCH there may be a merit of allowing orthogonal multiplexing as pointed out in Huawei’s paper and therefore it is suggested to keep sequences for PUCCH as to be determined.

New sequences for pi/2 BPSK DMRS for PUSCH are based on time domain sequences resulting in a DMRS Type 1 comb structure. 

Please comment on this proposal 
	Company
	Comments on the proposal

	Ericsson
	Support Proposal 6

	Intel
	OK with time domain if /2 BPSK modulated DMRS is agreed. Else other alternatives can be discussed.

	Huawei, HiSilicon
	Need some discussion and comparison based on the metrics first.

	Qualcomm
	Support Proposal 6

	Nokia, NSB
	Not supporting, this needs after accepting other proposal. 



Sequence design for PUSCH DMRS
Regarding sequence design, there seem to be consensus among nine companies to use the Gold sequence. Most companies suggest using a computer-generated design for sequence lengths below some threshold sequence length instead of the Gold sequence design. 

At least for sequences of length X or larger, DMRS for /2 BPSK modulation for PUSCH is generated based on Gold-sequence followed by /2 BPSK modulation followed by transform precoding. FFS on value X where the value X=1 is not precluded.

Please comment on this proposal: 
	Company
	Comments on the proposal

	Ericsson
	Support proposal 7. In our view, we don’t yet see the benefits of having a special design for short sequence lengths (hence we suggest X=1). Our initial investigations show that same or even better metric values are achieved by using Gold sequence for all possible sequence lengths instead of using computer generated sequences.

	Intel
	Note that CGS sequences are generated via exhaustive search for feasible lengths (e.g., <= 24) and hence Gold sequences form a subset of considered sequences in CGS search. In our analysis, we find that it is possible to optimize for metrics of interest e.g., frequency flatness, PAPR, cross-correlation etc. Therefore, we prefer using CGS sequences for lengths 6, 12, 18 and 24 and using PN sequences for lengths 30 and larger.

	Huawei, HiSilicon
	Whether using the Gold sequence for larger length sequence should be compared with evaluation based on the metrics in 4.1. For less length sequence, share the similar views with Intel that CGS sequence at least for 6/12/18/24 is with optimized performance.

	Qualcomm
	Support this proposal in principle. Agree with Intel CGS for length 6/12/18/24 should be considered for performance optimization.

	Nokia, NSB
	We have still question on the correlation property in frequency domain of PN based pi/2 BPSK sequence. Do we need full search for best 30 sequences for this design?
Still too many ambiguities are placed on the design. Not supporting any new complexity without justifying real benefit. 



Scope of PUCCH DMRS enhancements
To address the design for PUCCH, it is useful to decide on which PUCCH Formats a new sequence design should apply. It is observed that only PUCCH formats 3 and 4 uses pi/2 BPSK for control payload, which is part of the working assumption.

	Company
	Applicable PUCCH formats for new design

	Qualcomm
	0,1,3,4
QC proposal is PUCCH format 1, 3, 4

PUCCH format 0 is short PUCCH, which is mainly targeting cell center UEs where Pi/2 BPSK is not likely used.

But we see strong motivation to include PUCCH format 1 in the scope. PUCCH format 1 is long PUCCH, which is typically used for UL coverage enhancement purpose. By further reducing the PAPR for format 1 (QC contribution should it can be reduced from 2.8dB in Rel-15 to 1.5dB), UL coverage for 1-2 bits ACK in Rel-16 can be greatly improved. 

	Ericsson
	3,4

	Intel 
	3,4

	Huawei, HiSilicon
	3,4

	Nokia, NSB
	At least exclude PUCCH format 1.
PUCCH format 4, the multiplexing capability should be taken into account. 
Link budget should be studied if enhancement is necessary.



The least common denominator is to agree on format 3 and 4 at least:

Support PUCCH DMRS enhancements for at least PUCCH format 3 and 4
Power imbalance issue
On power imbalance, it was agreed part of the working assumption at RAN1#94 to discuss at RAN1#95 the power imbalance between PAs, between OFDM symbols, between RE in same OFDM symbol and whether is it in scope of WI and if so, whether to specify a solution.
Companies views can be summarized as

	Proposal
	Supporting companies
	Note

	Support specification-based enhancements of Power imbalance 
	Intel, vivo, MediaTek, LGE
	Concrete solutions exists

	Study more
	Nokia, Nokia Shanghai Bell
	Study the solution to resolve the power imbalance issue by implementation and if specification update is necessary to solve the problem.

	No support for specification-based power imbalance correction
	Huawei, HiSilicon, Samsung
	Out of WI scope

	
	Vivo 
	Solve by specification

	
	ZTE
	

	
	
	



There seem to be a need for further discussion at RAN1#95 and input from additional companies is encouraged. Please comment on CSI-RS PAPR reduction and on each other’s contributions, highlighting drawbacks and benefits 

	Company
	Comments on CSI-RS PAPR reduction

	Ericsson
	Ok to support specification based solution for DMRS if introduced as a separate capability (separate to PAPR reducing feature capability for Rel-16 DMRS and CSI-RS). Update the WID at the plenary. 

Comment to ZTE: can layer specific phase rotation remove power imbalance across all PAs in case the number of transmit antennas is larger than the number of layers, e.g 4 layers, 16 antennas/PAs?

	ZTE
	Layer specific phase rotation can be simultaneously used for both DMRS and data. This is obvious gNB and UE implementation as described in our tdoc.

	LGE
	Agree with Intel, vivo, MedieaTek. This issue needs to be addressed to avoid the power amplifier inefficiency.

	Huawei, HiSilicon
	It is out of WID scope. From technique, power imbalance issue was already discussed in Rel-15, which is not a critical issue and there are some implementation solutions.

	Samsung
	Similar view with ZTE and Huawei.
No need for further discussions.

	Nokia, NSB
	Implementation-based solution is preferable. Different antenna virtualization may solve the problem. 
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