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1. BACKGROUND
In RAN plenary #94, the WID for Rel-18 MIMO enhancements was finalized [1]. According to the WID, some enhancements for SRI/TPMI are necessary to enable 8 TX UE transmission. 

	Objective 5: Study, and if justified, specify UL DMRS, SRS, SRI, and TPMI (including codebook) enhancements to enable 8 Tx UL operation to support 4 and more layers per UE in UL targeting CPE/FWA/vehicle/Industrial devices
-	Note: Potential restrictions on the scope of this objective (including coherence assumption, full/non-full power modes) will be identified as part of the study.



To accomplish the objective, the scope of this agenda item centers on codebook design for 8TX, CW to layer mapping, enhancements on SRS configuration, impacts resulted from coherency characteristics of such UEs as well as UE operation with full power. 


2. [bookmark: _Hlk111485839]CODEBOOK DESIGN FOR FULL-COHERENT 8TX UES
Based on the discussion in the last RAN1 meeting [2-4], the following proposal is prepared to address opposing concerns expressed by companies. 

FL Proposal 1: 
· For fully-coherent uplink precoding by an 8TX UE, support the principle employed by NR Rel-15 single panel DL Type I codebook for generation of precoders, as the starting point for design of the uplink codebook, where the precoding components, i.e., ,  and  are FFS.
· RAN1 studies non-DFT-based precoding components (, i.e., ,  and ) to be used for generation of the uplink precoders.
· RAN1 considers a same codebook size used by considered solutions
· RAN1#111 evaluates performance of NR Rel-15 single panel DL Type I codebook with unequal phase offsets relative to a reference antenna port applied across the antenna ports 
· Phase offset values can be assumed uniformly distributed over [-φ, φ], where φ can take 0, 45, 90, 135 and 180 degrees
· RAN1#111 sends an LS to RAN4 to inquire about feasibility of UE calibration for spatial phase misalignment





Table 1 - Companies’ views
	Company 
	Views

	Samsung
	Re the term “non-DFT-type precoding components”, non-DFT can be anything, different companies may have different understanding about it, and hence may cause unnecessary debate on this. We therefore suggest to be specific and use the two alts (1-b and 2-a) which we are already agreed.

We think QCM’s WF2 from RAN1#110b-e (copied below) can be a good starting point for this offline discussion. The main concern regarding this was proposal is two different types FC precoders. In our view, a UE is not mandated to support both, but one of the two. So, it’s OK. This issue is also similar to PC precoders where we have two types (Ng=2 and 4) of precoders.

Qualcomm’s WF2: for fully-coherent precoding, support NR Rel-15 single panel DL Type I codebook as the starting point for design of the codebook, subject to a Rel-18 new UE capability separated from the existing UE coherence capability.  
· This is a UE optional feature. If not supported, NR Rel-15 UL 2TX/4TX codebooks and/or 8x1 antenna selection vector(s) is used as the starting point for design of codebook
· Send an LS to RAN4 to inquire about the range of potential phase and amplitude offset and feasibility of UE calibration for spatial and amplitude phase misalignment
· RAN#111 evaluates performance of NR Rel-15 single panel DL Type I codebook with unequal fixed phase offset applied across the antenna ports 
· Phase offset values can be assumed uniformly distributed over [-φ, φ], where φ can take 40, 80, and 160, and 180 degrees.

So, we suggest the following proposal:

FL Proposal 1: for fully-coherent precoding, support NR Rel-15 single panel DL Type I codebook as the starting point for design of the codebook, subject to a Rel-18 new UE capability separated from the existing UE coherence capability.  
· This is a UE optional feature. If not supported, NR Rel-15 UL 2TX/4TX codebooks and/or 8x1 antenna selection vector(s) is used as the starting point for design of codebook
· For fully-coherent uplink precoding by an 8TX UE, support the principle employed by NR Rel-15 single panel DL Type I codebook for generation of precoders, as the starting point for design of the uplink codebook, where the precoding components, i.e., ,  and  are FFS.
· RAN1 studies non-DFT-based precoding components (, i.e., ,  and ) to be used for generation of the uplink precoders.
· RAN1 considers a same codebook size used by considered solutions
· RAN1#111 evaluates performance of NR Rel-15 single panel DL Type I codebook with unequal phase offsets relative to a reference antenna port applied across the antenna ports 
· Phase offset values can be assumed uniformly distributed over [-φ, φ], where φ can take 0, 45, 90, 135 and 180 degrees
· RAN1#111 sends an LS to RAN4 to inquire about feasibility of UE calibration for spatial phase misalignment

	MediaTek
	We agree with the comments made by Samsung on “Non-DFT-type” precoding terminology and that it seems rather vague, specially, given we need to conclude on the precoder design in the upcoming meeting. In our opinion the specific precoder design agreed in this category of “Non-DFT-type” should be explicitly captured in the proposal, i.e., Rel-15 UL 2TX/4TX codebook based precoder structure.
We also wanted to express our concern regarding the WF made by Qualcomm during RAN1 #110b-e to have different precoding structure depending on the UE capability. This would imply double the efforts and time needed to complete the coherent precoder design.
In out opinion phase offset issue can be present for DFT and non-DFT based precoders and hence the evaluation should not be limited to only DFT based, specially if we are going to select a single solution.
Given the above we would like to update the following changes:
FL Proposal 1: 
· For fully-coherent uplink precoding by an 8TX UE, support the principle employed by NR Rel-15 single panel DL Type I codebook for generation of precoders, as the starting point for design of the uplink codebook, where the precoding components, i.e., ,  and  are FFS.
· RAN1 studies non-DFT-based precoding components (, i.e., ,  and ) NR Rel-15 UL 2TX/4TX based codebook structure  to be used for generation of the uplink precoders.
· RAN1 considers a same codebook size used by considered solutions
· RAN1#111 evaluates performance of NR Rel-15 single panel DL Type I codebook precoder structures under consideration with unequal phase offsets relative to a reference antenna port applied across the antenna ports 
· Phase offset values can be assumed uniformly distributed over [-φ, φ], where φ can take 0, 45, 90, 135 and 180 degrees
· RAN1#111 sends an LS to RAN4 to inquire about feasibility of UE calibration for spatial phase misalignment


Furthermore, even though we are not against sending an LS to RAN4 to inquire about the phase calibration for 8TX, but we are skeptical on the level of feedback details we can get at this stage.

	FL
	Thanks very much Samsung and MediaTek for your comments and suggestions. Based on your inputs, the proposal is updated. 

FL Proposal 1: 
· For fully-coherent uplink precoding by an 8TX UE, support the principle employed by NR Rel-15 single panel DL Type I codebook for generation of precoders, as the starting point for design of the uplink codebook, where the precoding components, i.e., ,  and  are FFS.
· RAN1 studies non-DFT-based replacement of precoding components (i.e., ,  and ) by precoding components of NR Rel-15 UL 2TX/4TX based codebook to be used for generation of uplink precoders.
· RAN1 considers a same codebook size used by considered solutions
· RAN1#111 evaluates performance of NR Rel-15 single panel DL Type I codebook precoder structures under consideration with unequal phase offsets relative to a reference antenna port applied across the antenna ports 
· Phase offset values can be assumed uniformly distributed over [-φ, φ], where φ can take 0, 45, 90, 135 and 180 degrees
· RAN1#111 sends an LS to RAN4 to inquire about feasibility of UE calibration for spatial phase misalignment



	OPPO
	We prefer the updated version of FL proposal.
On the UE capability, we have one question for clarification: If UE reports the capability to support Rel-15 type 1 codebook, does it mean that UE needs to support both CBs (e.g. which CB to use is configured by gNB), or UE doesn’t need to support the CB based on Rel-15 UL CB (the capability just to select one CB)?
Furthermore, we have similar concern as MTK regarding the UE capability. Even if UE doesn’t need to support both CBs, the standardization effort and evaluation to specify two CBs would make the design of coherent CB difficult to complete. Hence, we prefer to down select one CB based on the evaluation results for the two CBs with phase error from companies. 

	LG
	For UE capatibility, we also share the view with MTK and OPPO. We also prefer to down select on codebook. 

Regarding the FL’s proposal, it seems unclear to us. Particularly, without DFT basis (i.e., ,  and ), what is the principle of Rel-15 single panel DL Type I codebook? So, FFS part in the main bullet can be deleted. 

	NTT DOCOMO
	We’d like to emphasize again that 8TX UL is important to us, and for 8TX UL, support of fully-coherent precoders is an important feature.
We support to evaluate and compare the performance of two alternatives considering different phase offset values.
Based on the evaluation results, we think decision should be made even without RAN4 LS.
Our first preference is to down select to one codebook only.
But we can also accept to introduce different UE capabilities to support each codebook, if down-selection could not be done.

	Huawei, HiSilicon
	We support Samsung’s proposal in the sense that UE can support the more suitable codebook based on its capability, such as the calibration of its antennas. If the UL 2TX/4TX based codebook is designed considering both full-coherent and partial/non-coherent UEs, then eventually we still have only two codebooks: Rel-15 DL based for full-coherent and UL 2TX/4TX based for full/partial/non-coherent in this objective. Then there’s no further spec effort is needed.

We can also be fine with FL’s updated proposal. Further evaluations are needed to determine the precoding components.

On the LS, as long as the RAN1 decision doesn’t rely on RAN4 input, we are fine with the current wording in FL’s proposal.


	FL
	@ OPPO: Thank you for your support. Regarding your question about UE capability, the common understanding is that UE would be required to indicate only one of the codebooks.

@ LG: Thank you for your comment. The proposal is meant to say we reuse Rel-15 DL codebook but by replacing the existing precoding components, i.e., ,  and  with a new set of vectors, e.g., precoding vectors based on Rel-15 2TX/4TX UL codebook.

@ DOCOMO: Thank you for your comment.

@ Huawei: Thank you for your support and comments.


	InterDigital
	Our understanding of the FFS in the main bullet is that the replacement itself is also subject to further discussion. From that perspective, the current FL proposal is fair in trying to address companies’ concerns. However, it is also implying additional analysis and work to identify a proper replacement.
Regarding Samsung’s revision and the UE capability, our first preference was and still is to down-select one. But, given the current situation, making the type of the codebook as a UE optional feature could be another way forward. Thus, in principle we can support FL proposal, however Samsung’s revision may be a better/quicker way to have some more progress.

	Ericsson
	Firstly, we fully support FL’s focus on the performance of codebooks.  We should first better quantify the problems before considering solutions.

We agree with other companies that we should only define one codebook, and so prefer FL’s most recent proposal in that aspect.  Rel-18 UE capability should define whether full, partial, or non-coherent codebook subsets are supported, as well as the maximum number of SRS ports/resources/sets and the maximum number of layers.  We do not yet see the need for a new Rel-18 capability for full coherent operation on top of this.  That being said, we are open to studying the need of adding Rel-15 based precoders to a single coherent codebook. 

Similar concerns to LG’s concern, we think the key is the codebook design principle and content rather than the exact formulation.  But we understand FL’s intention to be more clear on what using the Type 1 codebook means.

For codebook comparisons to be fair, they should have similar sizes, but I don’t think they should be identically sized, especially for the large codebooks we will have in Rel-18.

We would suggest that the LS be according to discussion of the results in RAN1#111.  After such a discussion, it is possible the LS may not be needed.  So, I’d suggest we condition the LS based on need.  This is not a crucial change in my view, so if others feel that sending the LS regardless of the outcome of RAN1#111 discussions is needed, I can also accept the current formulation in this regard.  However, it does seem strange to me.

So, we suggest the following revision:

FL Proposal 1: 
· For fully-coherent uplink precoding by an 8TX UE, support the principle employed by NR Rel-15 single panel DL Type I codebook for generation of precoders, as the starting point for design of the uplink codebook, where which of the precoding components, i.e., ,  and  are used in the starting point, the values they may take, and how they may be expressed are FFS.
· RAN1 studies non-DFT-based replacement of precoding components (i.e., , , and/or ) by precoding components of NR Rel-15 UL 2TX/4TX based codebook, or the addition of such precoding components within the codebook, to be used for generation of uplink precoders.
· RAN1 considers a same similar codebook size used by considered solutions
· RAN1#111 evaluates performance of NR Rel-15 single panel DL Type I codebook precoder structures under consideration with unequal phase offsets relative to a reference antenna port applied across the antenna ports 
· Phase offset values can be assumed uniformly distributed over [-φ, φ], where φ can take 0, 45, 90, 135 and 180 degrees
· If needed according to the RAN1#111 discussions and evaluations above, RAN1#111 sends an LS to RAN4 to inquire about feasibility of UE calibration for spatial phase misalignment



	QC
	Firstly, we think the most important thing is study the impact of phase error to Alt 1b and Alt 2a. We hope more companies will provide simulation results so that we can try to draw a conclusion based on multiple sources. Without simulations results, we don’t see that repeating the same arguments we had during the meetings can move RAN1 forward. Basically, without simulation results, we don’t see the justification to support Alt 1b. 

For the simulation, we agree that we need study both Alt 1b and 2a with phase offset/error to make a fair comparison. But still, we don’t see the phase error ranges smaller than [-180,180] are meaningful. Following today’s RAN4 spec, the error range is [-180,180]. 

Regarding the LS, we strongly believe input from RAN4 is needed before RAN 1 should take a decision. Otherwise, if RAN1 decided to adopt Alt 1b, but later RAN4 find out that UE phase calibration is not feasible. What RAN1 designed becomes useless. We will ends up effectively not supporting 8Tx coherent codebook in Rel-18. 


QC modified FL Proposal 1: 
· For fully-coherent uplink precoding by an 8TX UE, support the principle employed by NR Rel-15 single panel DL Type I codebook for generation of precoders, as the starting point for design of the uplink codebook, where the precoding components, i.e., ,  and  are FFS.
· RAN1 studies non-DFT-based replacement of precoding components (i.e., ,  and ) by precoding components of NR Rel-15 UL 2TX/4TX based codebook to be used for generation of uplink precoders.
· RAN1 considers a same codebook size used by considered solutions
· For fully-coherent uplink precoding by an 8TX UE, RAN1#111 evaluates performance of NR Rel-15 single panel DL Type I codebook precoder structures under consideration Alt 1b and Alt 2a with unequal phase offsets relative to a reference antenna port applied across the antenna ports 
· Phase offset values can be assumed uniformly distributed over [-φ, φ], where φ can take 0, 45, 90, 135 and 180 degrees
· RAN1 considers a same codebook size used by considered solutions
· RAN1#111 sends an LS to RAN4 to inquire about feasibility of UE calibration for spatial phase misalignment

If companies want to save the effort to do the further simulations, then introducing the new UE capability as QC and Samsung suggesting is another way out. For that approach, we still have a concern on the feasibility of UE phase calibration. But at least we have Alt 2a, if RAN4 tell us Alt 1b is not feasible in the future. 
 

	Google
	We think the problem for the whole discussion is that there could be a new evaluation assumption on the antenna phase offset. We also agree with QC that more evaluation is needed before we making the decision to select DFT based codebook. In our view, compared to Alt1b and Alt2a, the LTE DL 4Tx based codebook could also be a good candidate for further evaluation. When we agree with the 5 alternatives, we do not have such evaluation assumption. In our view, a more technical way is to see whether the further evaluation should be based on the new evaluation assumption on antenna phase offset or not first.


	ZTE
	Thanks for in-depth discussion. Please review our views as follows:
· Firstly, we are not convinced why we need to send a LS to RAN4. For fully picture, 8-Tx is a totally new design (even for 4-Tx, RAN4 work is till pending for now), and how to guarantee that RAN4 can predict the future design/requirement better than RAN1 is quite questionable. Therefore, we do NOT agree to send a LS to RAN4 (i.e., in such case, RAN1 decision should NOT be based on RAN4 reply LS), but we are open to further consider TAE issue in RAN1 (companies are encouraged to provide further results for cross reviewing).
· Secondly, although it is not our first preference, we do not see serious hurt of having two candidate codebooks for different scenarios. Besides TAE issues as mentioned by QC, more than one Ng port groups for full coherent are till at the table (still need to consider different/random phase offsets across different port groups/panels). So, having two codebook seems beneficial. 
· Thirdly, in our views, for the next meeting discussion, we suggest that some candidates/aspects should be listed for facilitating subsequent discussion (rather than just making above decision by using a whole meeting J.). The following is from our initial thoughts, and some more details can be up to the FL:
·   For reusing DL TypeI codebook (if supported), we may study 
· Oversampling factor(s),
· Structure of codebook (a whole table, or several parameters (like i1,1, i1,2 and i2) for generating W),
· Single or multiple candidate beam groups (like i1,3),
· …
· For reusing UL codebook (if supported), we may study
· How to generate the UL precoding matrix for 8-TX, based on current TPMI vector or new ones,
· A whole table or several parameters (e.g, co-phase besides for indicating legacy TPMI(s)),
· ...


	Intel
	In principle, we could be fine with introducing UE capability on the full coherent precoders for 8Tx, as suggested by Samsung. Considering the current situation, this seems to be a feasible way to make progress.

We agree with other companies that more evaluations are needed.

Regarding the LS to RAN4, we don’t have strong view, but what kind of feedback is expected from RAN4? And what would be the impact on RAN1 work by RAN4’s feedback?

	NEC
	Firstly, we share similar view with DOCOMO that supporting 8Tx full coherent codebook is essential, no matter which type of codebook is finally adopted. Maybe we can confirm this firstly, and then go to details on how to design the precoders.
And actually, our target is to determine a set of full coherent precoders based on evaluation, no matter finally it’s based on DL type 1 only or 2Tx/4Tx only or a combination. So we slightly prefer Ericsson’s update, especially on either replacement of precoding components (i.e., , , and/or ) by precoding components of NR Rel-15 UL 2TX/4TX based codebook, or the addition of such precoding components within the codebook, to be used for generation of uplink precoders 
And also fine to introduce UE capability. 

	Lenovo
	We can accept the latest FL proposal.
Firstly, we fully support FL that the CB should be determined based on the evaluation performance. Before the down-section between DFT-CB and non-DFT-CB, more evaluation on both alternatives with cross-antenna phase error are needed since the phase error not only has impact on DFT-based CB but also for non-DFT-based CB. Whether additional requirement on the phase error among different antenna ports should be decided by RAN4.
On the UE capability, we have the same concern as OPPO that the UE may be required to support two CB types for partial-coherent UE, which is challenging to a UE. Further, the workload to specify two CB types is larger as MTK pointed. Thus, we still to have only one CB for FC 8Tx UE. 
We are fine with the LS to RAN4.

	vivo
	We are not in favour of designing two sets of codebooks for full-coherent 8TX UL transmission, we understand the concern raised by QC on the calibration requirement for DFT based precoders especially for 4x1 dual-polarized antenna structure, even dual polarized structure doesn’t make sense with random phase error. We are generally ok with the revised proposal, which means RAN1 need more evaluation on both alternatives 1b and 2a, taking phase error into account. As it was discussed/clarified during last meeting that meaning of coherent is not same as phase misalignment among the antennas. Considering the phase error among antennas, it would be worthwhile to compare performance against partial-coherent codebook as well.
For alt2a, we don’t think current FL proposal “replacement of precoding components (i.e., , , and/or ) by precoding components of NR Rel-15 UL 2TX/4TX based codebook” is needed for the moment, we need more discussion on specific design including signalling design and co-phasing design.


	FL
	@ IDC: Thank you for your comment, your point is taken.

@ Ericsson: Thanks for your support and constructive input. I am fine with your revision.

@ Qualcomm: Thanks for your comments. I had specifically drafted the first bullet to address Qualcomm’s concern, I am a bit surprised that you crossed it out completely. As for the range of phase values, I think it is fine to have a wider range to have a better insight into this issue.

@ Google: Thank you for your comment, your point for further evaluation is taken.

@ ZTE: Thank you for your input and your flexibility about optionality of the codebook.

@ Intel: Thank you for your input and your flexibility about optionality of the codebook.

@ NEC: Thank you for your comment and support of the revised version by Ericsson.

@ Lenovo: Thank you for your input and support, your point for further evaluation is noted.

@ vivo: Thank you for your input and support, your point for further evaluation is noted.


	FL
	Thanks again to all for providing further suggestions and inputs. According to companies’ comments for the initial FL proposal and its revisions (3), there are some recurring concerns that are brought up by companies. Therefore, to address companies’ comments, FL proposal is updated as follows,

FL Proposal 1: 
1. For fully-coherent uplink precoding by an 8TX UE, RAN1#111 evaluates performance of Alt1-b and Alt2-a with unequal phase offsets relative to a reference antenna port applied across the antenna ports. 
19. Phase offset values can be assumed uniformly distributed over [-φ, φ], where φ can take 0, 135 and 180 degrees
0. Other values may also be used and reported by companies, e.g., {45, 90}.
1. According to the outcome of RAN1#111 discussion, 
20. If the sensitivity of Alt1-b performance to phase misalignment is confirmed, 
0. Both Alt1-b and Alt2-a are supported, and the support of either alternative will be a UE optional feature/capability.
0. RAN1 sends an LS to RAN4 to inform RAN4 about its observations and decision.
20. If the sensitivity of Alt1-b performance to phase misalignment is not confirmed, 
1. Alt1-b is supported.
1. No LS to RAN4 will be needed.



	Ericsson
	We don’t think that RAN1 has the necessary information to downselect among phase error values.  We can evaluate a small number of alternatives over a range and see to what degree there is sensitivity.  Which error ranges are relevant to implementations is a separate discussion.  Not simulating values simply provides less information.

We think it is too early to agree now to UE capability between Alt-1b and Alt-2a as the solution to the problem.  The difference between the two design alternatives depends on how finely quantized the relative phases are (i.e. what oversampling factor and antenna layouts are supported), and so what supporting Alt-1b vs. Alt2a actually means is not clear at this stage. If there are multiple capabilities, networks will have to deal with different UE support for the codebooks on top of the already very flexible UE MIMO capabilities. We will inevitably face whether such capabilities are per band, per band of band combination, etc., and so we can get so many combinations, it can be hard for the network to use the feature.  If there is a real benefit to two capabilities, we are OK, but we think further study is needed to establish the technical merit and the implications of two capabilities.

Our first preference continues to be the revision to the FL proposal we discussed above.  But if this is not possible, then a starting point can be the evaluations. We can send an LS if needed, but I see no point in agreeing to it before the RAN1#111 discussions. A revision to the latest FL proposal can be:

1. For fully-coherent uplink precoding by an 8TX UE, RAN1#111 evaluates performance of Alt1-b and Alt2-a with unequal phase offsets relative to a reference antenna port applied across the antenna ports. 
21. Phase offset values can be assumed uniformly distributed over [-φ, φ], where φ can take 0, 45, 90, 135 and 180 degrees
0. Other values may also be used and reported by companies, e.g., {45, 90}.
1. According to the outcome of RAN1#111 discussion, 
22. If the sensitivity of Alt1-b performance to phase misalignment is confirmed, 
0. Both Alt1-b and Alt2-a are supported, and the support of either alternative will be a UE optional feature/capability.
0. RAN1 sends an LS to RAN4 to inform RAN4 about its observations and decision.
22. If the sensitivity of Alt1-b performance to phase misalignment is not confirmed, 
1. Alt1-b is supported.
1. No LS to RAN4 will be needed.



	ZTE
	We support the FL’s way-forward suggestion on outcome of RAN1#111 discussion.  

Then, a minor comment: we do not need to mentioned ‘RAN1#111’ in first main bullet (‘RAN1’ should be sufficient). As a consensus, the evaluation should be done before RAN1#111 and then we may further study the details in the RAN1#111 after decision. 
 

	Samsung
	We appreciate the great effort from the FL and the discussion. 
Just as ZTE, we support the revised/latest FL proposal. We are also fine with ZTE’s suggested minor edit. 

The latest FL proposal is surely not the ideal proposal for any company. But it is a fair and and balanced one considering the situation. While we acknowledge the need for investigating the impact on (requirement for) phase (mis)alignment, our best effort (albeit well intentioned) will be speculative at best - given that 8Tx UL on advanced UEs is not to be deployed in the near future. In that sense, the revised FL proposal strikes a good balance. 


	Apple
	Even though it is not our first preference to support two codebooks with UE capability, we can accept the latest FL proposal as a reasonable compromise considering different companies’ views.
In general, we do not think sending an LS to RAN4 is very helpful. Ideally, it would be good for RAN4 to provide the feedback so that we can design the codebook accordingly. However, it is not clear whether/when RAN4 will be able to provide a reply LS. This would prevent RAN1 from making further progress. In this sense, the latest FL proposal can be a good way to move forward without depending on RAN4 feedback.

	QC
	In general, we support the spirit of the FL proposal. Studying the impact of phase offset to Alt 1b and 2a is the right way to go. 

We have two comments regarding the FL proposal. 
1) It is better to make the down-selection based on direct performance comparison between Alt 1b and 2a, rather than based on the sensitivity of Alt1b performance to phase misalignment. The reason is because 1) it is not fair to not check phase misalignment impact to Alt 2a; 2) It is hard to quantify “sensitivity of Alt1b performance to phase misalignment”. We don’t want to argue later what percentage of performance degradation is sensitive, while what percentage is not sensitive…
2) It is OK for companies to study the performance of phase offset ranges smaller than [-180,180] degrees. But those results should not be counted in decision making, given we don’t know whether it is feasible to achieve phase offset ranges smaller than [-180,180] degrees. 
With the above, we propose the following modification on top of FL proposal. 

QC modified FL proposal: 
1. For fully-coherent uplink precoding by an 8TX UE, RAN1#111 evaluates performance of Alt1-b and Alt2-a with unequal phase offsets relative to a reference antenna port applied across the antenna ports. 
0. Phase offset values can be assumed uniformly distributed over [-φ, φ], where φ can take 0, 135 and 180 degrees
0. Other values may also be used and reported by companies, e.g., {45, 90}.
0. FFS whether phase offset ranges smaller than [-180,180] is feasible to achieve.  
1. According to the outcome of RAN1#111 discussion, 
1. If the performance of Alt1-b is better than Alt2-a with both φ=0, and φ=180, Alt 1-b is supported. 
1. If the performance of Alt2-a is better than Alt1-b with both φ=0, and φ=180, Alt 2-a is supported.
1. Otherwise, 
1. If the sensitivity of Alt1-b performance to phase misalignment is confirmed, 
3. Both Alt1-b and Alt2-a are supported, and the support of either alternative will be a UE optional feature/capability.
3. RAN1 sends an LS to RAN4 to inform RAN4 about its observations and decision.
1. If the sensitivity of Alt1-b performance to phase misalignment is not confirmed, 
4. Alt1-b is supported.
4. No LS to RAN4 will be needed.


	vivo
	[bookmark: _Hlk118097550]We are ok not to discuss additional UE capability before we carry out evaluations on both Alt1-b and Alt2-a with unequal phase offsets, and we are also ok with additional values of phase error to evaluate. It would be good to further clarify some evaluation assumptions in order for companies to have common understanding. With assumption of full-coherence UE, for simplicity, we assume phase doesn’t change in time. Phase error among antennas applies for all UL channel, i.e. SRS and PUSCH. Dual-polarized 4x1 antenna structure is assumed. Since there is no concrete full-coherent codebook design for alt2a, it is up to companies. There could be large difference in signaling overhead for alt1b and alt2a, the impact of phase error on performance is compared per codebook.  

	OPPO
	We agree with Ericsson and vivo on the UE capability to support either codebook before the evaluation results. We also prefer to delete the outcome of RAN1#111 part, at least the UE capability part. In our understanding, if the performance of Alt.1b is degraded significantly due to phase error, and the performance of Alt.1b and Alt.2a is similar without phase error, why don’t we choose Alt.2a as full-coherent codebook, but choose both instead? If Alt.1b or Alt.2a cannot provide performance benefit but only standardization effort, we don’t need to specify it at all.
Regarding the proposal from QC, we think the condition for performance comparison is still unreasonable. For example, performance of Alt.1b and Alt.2a may be similar with phase error, while Alt.1b may outperform Alt.2a without phase error. In this case, Alt.1b can still be chosen without UE capability. If companies still think the condition is necessary to make progress, we propose the following:
o [bookmark: _Hlk118098017]If the performance of Alt2-a is better than or similar to Alt1-b with both φ=0, and is better than Alt1-b with φ=180, Alt 2-a is supported
o Otherwise, Alt1-b is supported.

	CATT
	Thanks for the discussion. We think it is too early to make decision before more evaluation results and analysis on impacts of multiple UE capabilities is provided. Therefore for FL’s latest proposal, we prefer to delete the second bullet.

	FL
	@ Ericsson: Thank you for your comments. Your point about the phase error is valid, hence other values can be studied and reported. As for your comment about the second bullet, given the state of the discussion, I have no choice but to keep it for making the evaluation in the first bullet purposeful.

@ ZTE, Samsung, Apple: Thank you for your comments and support of the proposal.

@ Qualcomm: Thank you for your comments, however unfortunately, I cannot make the changes you suggested. Other companies have strong interest in better understanding of this impairment. While I personally don’t expect any surprising observation with low values, there is no harm in allowing companies to make their own observations. 

@ vivo: Thank you for your comments. As the proposal indicates, there is no decision made about UE capability. In fact, the second sub-bullet of the second bullet provides the opportunity to go straight to Alt1-b. As for your other suggestions, you have a very valid point; additional assumptions are added.

@ OPPO: Thank you for your comments. As I mentioned to other companies, there is no decision made about UE capability. The proposal is just to show the decision roadmap based on companies’ inputs. Regarding your suggestion to add, “If the performance of Alt2-a is better than or similar to Alt1-b with both φ=0, and is better than Alt1-b with φ=180, Alt 2-a is supported”; the addition does not seem necessary as according to majority of existing companies’ evaluation results, Alt1b outperforms Alt2a with φ=0.

@ CATT: Thank you for your comments, please see my reply to OPPO and Ericsson.


	FL 
	FL Proposal 1: 
1. For fully-coherent uplink precoding by an 8TX UE, RAN1#111 evaluates performance of Alt1-b and Alt2-a with unequal phase offsets relative to a reference antenna port applied across the antenna ports. 
23. Phase offset values can be assumed uniformly distributed over [-φ, φ], where φ can take 0, 135 and 180 degrees
0. Other values may also be used and reported by companies, e.g., {45, 90}.
0. The same value of phase offset is applied to SRS and PUSCH channels. However, during a simulation run, the phase offset can be updated to another value every n slots (n=20, 40, etc.). 
23. RAN1 considers a similar codebook size for the evaluations.

1. According to the outcome of RAN1#111 discussion, 
24. If the sensitivity of Alt1-b performance to phase misalignment is confirmed, 
0. Both Alt1-b and Alt2-a are supported, and the support of either alternative will be a UE optional feature/capability.
0. RAN1 sends an LS to RAN4 to inform RAN4 about its observations and decision.
24. If the sensitivity of Alt1-b performance to phase misalignment is not confirmed, 
1. Alt1-b is supported.
1. No LS to RAN4 will be needed.


	QC2
	@FL, and all, Thanks for further discussion.
@FL, Thank FL for updating the proposal.  I feel my comment on down-selection criteria in last round of discussion might not be clear. And FL might miss my main point. My point is that, making decision only based on Alt 1b’s sensitivity to phase offset is not correct. For example, if simulation results show that Alt 1b has 10% performance loss withφ=180 comparing to withφ=0, while even with this 20% performance loss, Alt 1b is still better than Alt 2a, we will be happy to take Alt 1b only. I don’t see the reason to introduce UE capability in this case (if simulation results show this case). But following FL proposal, UE capability will be unnecessarily introduced. Plus, it is hard to quantify what is “sensitivity of Alt1-b performance to phase misalignment”? May I know beyond how many percentages performance loss is considered as “the sensitivity of Alt1-b performance to phase misalignment is confirmed”?  Does it mean that any value of >0 performance degradation of Alt 1-b with respect to phase misalignment is considered as “the sensitivity of Alt1-b performance to phase misalignment is confirmed”?
The down-selection should be based on performance comparison between Alt 1b and 2a. In my view, there are just 4 possible outcomes when we compare performance of Alt 1b and 2a. Our proposal in previous round of discussion is making the down-selection based on the follow. We are making a binary down-selection. Therefore, the down-selection criteria should be black and white. 
	φ=0
	φ=180
	Decision

	Performance of Alt 1b better than Performance of Alt 2a
	Performance of Alt 1b better than Performance of Alt 2a
	Support Alt 1b only

	Performance of Alt 1b worse than Performance of Alt 2a
	Performance of Alt 1b worse than Performance of Alt 2a
	Support Alt 2a only

	Performance of Alt 1b better than Performance of Alt 2a
	Performance of Alt 1b worse than Performance of Alt 2a
	Introduce a new Rel-18 UE capability support both in spec

	Performance of Alt 1b worse than Performance of Alt 2a
	Performance of Alt 1b better than Performance of Alt 2a
	Unlikely outcome. We can ignore this case.



@OPPO, the problem of your suggestion “For example, performance of Alt.1b and Alt.2a may be similar with phase error, while Alt.1b may outperform Alt.2a without phase error. In this case, Alt.1b can still be chosen without UE capability” is that it is hard to quantify “similar performance” between Alt 1b and 2a. Within what percentage difference is considered as similar performance?

@FL, regarding the added simulation assumption according to VIVO’s comment, I don’t think this part “However, during a simulation run, the phase offset can be updated to another value every n slots (n=20, 40, etc.).” correctly reflected the implementation impairment. In our view, this phase offset normally does not change over time, unless temperature/humidity drastically change. Therefore, this phase offset should be modelled as constant phase offset in a whole simulation run per Tx per UE. Can FL or VIVO clarify why the phase offset would change every n slots?

	FL
	@ Qualcomm: Thanks very much for your comments and feedback. 
· According to the existing simulation results, we don’t need the second and forth rows of the Outcome Table, as according to the majority of companies (including Qualcomm), Alt1b outperforms Alt2a when the misalignment error is zero. Hence, the current FL Proposal is structured to cover the remaining relevant cases that are in fact correspond to rows 1 and 3 of the suggested table.
As for the range of phase values, please note that companies prefer not to have a restricted set of phase values, so that they can examine this issue. Therefore, the decision process at this time cannot be limited to a single 180 phase value.
· About your question “May I know beyond how many percentages performance loss is considered as “the sensitivity of Alt1-b performance to phase misalignment is confirmed”; this would be based on the judgment of the group when we have the full set of results. For example, in the last meeting, the group did not consider a specific threshold to accept Qualcomm’s observation for the phase misalignment. Instead, they trusted Qualcomm’s finding and agree to have further discussion on this issue, despite that phase misalignment error was not part of initial evaluation assumptions. Therefore, some mutual latitude is expected. 
· Regarding your comment about the phase. I have the same understanding that the phase offset does not change significantly over time. However, the intention was to have a better statistic for the results and prevent the case where a UE gets stuck with a same low/high phase offset during the simulations. Hence, the added bullet reads “can be updated” and not “is updated”, and it is left to companies if they would like to do as such.


	QC3
	@FL, and all. Thank FL for the response. On the simulation assumption of the phase “can be updated”, we see the point and we are OK with it. However, on the down-selection criteria, we are still not convinced that we should ignore the performance of Alt 2a in this down-selection. RAN1 have done this kind of down-selection hundreds of times. We have two schemes on the table. We do down-selection based on directly comparing the performance of the two schemes. Not sure why we do down selection only based on one scheme’s performance in this case. We are OK to remove the second and fourth row in the following table, which would simply the down-selection. Our intention to update the down selection criteria is to have a clear and executable criteria, in other words, to avoid future debate what percentage of performance degradation is considered as sensitivity is confirmed.  

	φ=0
	φ=180
	Decision

	Performance of Alt 1b better than Performance of Alt 2a
	Performance of Alt 1b better than Performance of Alt 2a
	Support Alt 1b only

	Performance of Alt 1b worse than Performance of Alt 2a
	Performance of Alt 1b worse than Performance of Alt 2a
	Support Alt 2a only

	Performance of Alt 1b better than Performance of Alt 2a
	Performance of Alt 1b worse than Performance of Alt 2a
	Introduce a new Rel-18 UE capability support both in spec

	Performance of Alt 1b worse than Performance of Alt 2a
	Performance of Alt 1b better than Performance of Alt 2a
	Unlikely outcome. We can ignore this case.



 

	Ericsson3
	It doesn’t seem that we’ve considered in this discussion if both Alts 1b and 2a suffer from phase error.  In that case, there may be a general problem with the uncalibrated case that UE capability alone can’t fix, and this could be important to address directly.

Similar to Oppo’s comment, I don’t think a simple better/worse comparison is sufficient.  If Alt 1b works better than Alt 2a under ideal conditions, but is sufficiently close in the presence of phase error, then specifying only Alt 1b seems sufficient.

Lastly, I do not see why there should be a priority among the phase error values.  I can be OK with a separate bullet if it is clarified that there is no priority among the values, and so the relevance to UE implementation is to be further discussed.

So if it is essential to address UE capability now, and again that is not my first preference, I’m OK with the following revision to the latest FL proposal.  

FL Proposal 1: 
1. For fully-coherent uplink precoding by an 8TX UE, RAN1#111 evaluates performance of Alt1-b and Alt2-a with unequal phase offsets relative to a reference antenna port applied across the antenna ports. 
25. Phase offset values can be assumed uniformly distributed over [-φ, φ], where φ can take 0, 135 and 180 degrees
0. Other values may also be used and reported by companies, e.g., {45, 90}.
0. The relevance of phase error value(s) to UE implementation is to be further discussed.
0. The same value of phase offset is applied to SRS and PUSCH channels. However, during a simulation run, the phase offset can be updated to another value every n slots (n=20, 40, etc.). 
25. RAN1 considers a similar codebook size for the evaluations.

1. According to the outcome of RAN1#111 discussion, 
26. If the sufficient sensitivity of Alt1-b performance relative to Alt2-a to phase misalignment is confirmed, and if Alt2-a performance is sufficiently insensitive to phase error
0. Both Alt1-b and Alt2-a are supported, and the support of either alternative will be a UE optional feature/capability.
0. RAN1 sends an LS to RAN4 to inform RAN4 about its observations and decision.
26. If the sufficient sensitivity of Alt1-b performance relative to Alt2-a to phase misalignment is not confirmed, 
1. Alt1-b is supported.
1. No LS to RAN4 will be needed.
26. If the performance of Alt1-b and Alt2-a is sufficiently sensitive to phase error, further consider mechanisms to improve robustness to phase error
2. RAN1 sends an LS to RAN4 to inform RAN4 about its observations and decision


	MediaTek
	We agree with the comments made by Ericsson, vivo and Oppo. As mentioned in our earlier comments we see both Alt1-b and Alt2-a being impacted by phase error and the sensitivity of both approaches should be considered when deciding on the codebook design. Furthermore, if it was concluded that Alt 1b works better than Alt 2a under ideal phase conditions and in the presence of phase error performance is comparable, then specifying only Alt 1b should be sufficient.
We believe we should strive to have a single codebook solution rather than UE based capability since a default codebook needs to be selected for this feature and depending on what default codebook is agreed on some UEs may need to support both codebook modes. 


	vivo
	@QC, regarding time varying phase offset, our assumption above is “we assume phase doesn’t change in time” 
@Ericsson, the first bullet under “according to outcome of RAN#111 discussion”, we don’t understand the logic, with sufficient sensitivity of Alt1b performance and performance of Alt2a is sufficiently insensitive then what is the logic of supporting both? And, on the last bullet, it implies that performance of current 4Tx full-coherent codebook is questionable, of course there is no requirement in RAN4 for 4Tx yet. 

	Apple2
	Regarding the newly added “during a simulation run, the phase offset can be updated to another value every n slots (n=20, 40, etc.)”, we wonder if this would cause issue for CSI feedback and link adaptation. This phase offset update would be a sudden change, and would make the earlier CSI feedback no longer valid. This can be quite different from the channel change from Doppler, which is gradual and has some continuity. Regarding getting stuck in the low/high phase offset, this should not be an issue if there are sufficient statistics from different UEs?
We are fine with the changes under the first bullet otherwise.

On the 2nd bullet, I assume the intention is that we will need to look at how both Alt 1b and Alt 2a perform with random phase offset, and compare the performance of the two in different cases. It may not be so easy to come up with the exact criteria before the results are available, which was why we were fine with having somewhat vague wording in the proposal. But in general, we agree that we should look at both schemes, not just Alt 1b alone.


	LG2
	Thanks for the continuing discussion.
On the first bullet, we also think time varying assumption on phase error is not needed. It is randomly set initially and fixed during the simulation. 
Regarding second bullet, it is still unclear to us what is sufficient value for selecting codebook. Also, we wonder what is the representative codebook of Alt2-a. Is it concatenation of two 4Tx or four 2Tx TPMI with outer co-phase? Without full codebook design of Alt2-a, it is too early to discuss of UE capability.

	Samsung
	Re the last bullet from Ericsson3 “If the performance of Alt1-b and Alt2-a is sufficiently sensitive to phase error, further consider mechanisms to improve robustness to phase error”
· We are afraid that the additional work on “mechanisms to improve robustness to phase error” is not within the scope of the WID objective
· Besides, this seems to deviate the discussion away from the main issue here, which is to down-select between Alt1-b and 2-a
We therefore continue to prefer the FL proposal

	Nokia, NSB
	Thank FL for the great effort. Several comments from our side:
Phase offset values: We share the same view with Ericsson on other phase offset values. For evaluation purpose there is no need to exclude other phase offset values.

SRS/PUSCH phase offset: Regarding to the new added text: “The same value of phase offset is applied to SRS and PUSCH channels.” Suggest new text “SRS and PUSCH have the same relative phase offsets among their antenna ports.”

Phase offset updating:   Regarding to this text “However, during a simulation run, the phase offset can be updated to another value every n slots (n=20, 40, etc.).” the intention is to try different phase shifting, instead of destroying the coherence between SRS and PUSCH? Why we need this? For UE coherence transmission, UE shall have a phase calibration mechanism to keep the same relative phases among its ports between SRS and PUSCH. This should be our basic assumption of coherence Tx. 

Alt1-b and Alt2-a codebooks: For Alt 1-b, Type-I 8TX CB is available. However, we do not have a clear 8Tx CB based on Alt 2-a. There will be quite of lot alternatives of Alt 2-a, all based on Rel-15 UL design principle. If we need to have a comprehensive comparison, don’t we need to specify the codebooks first? 




	ZTE2
	Thanks so much for FL’s efforts. Please find our further input:
-  Firstly, we have concerns about the following newly added one. Clearly it is not aligned with PAE assumption from RAN4. Why we should update the phase offset every n slots (n=20, 40, etc.). We fail to under the logic reason behind it. It should be removed, otherwise the companies’ observation may be diverged.
	2. The same value of phase offset is applied to SRS and PUSCH channels. However, during a simulation run, the phase offset can be updated to another value every n slots (n=20, 40, etc.). 



-   Then, we are not fine for further extending the WID scope of ‘mechanisms to improve robustness to phase error’, which may introduce high workload again. 

	DOCOMO2
	Thanks for FL’s great effort.
We also have concern on the last bullet added by E///.
We support to make a decision based on the performance comparison of the two alts. We share similar view as SS and ZTE that this bullet is out of scope and the logic reason is not clear. 

	Lenovo
	Firstly, we agree with QC that the phase error should not be change in time domain. On the phase error, we agree with Ericsson and Nokia that companies can provide evaluation result with separate phase error values they want to.
We also have concern on Ericsson’s last bullet “If the performance of Alt1-b and Alt2-a is sufficiently sensitive to phase error, further consider mechanisms to improve robustness to phase error”. As commented by vivo that the phase may also have impact on Rel-15 4Tx CB for 4Tx UE. If the additional mechanism to improve robustness to phase error is needed for 8Tx UE, similar mechanism may also be needed for 4Tx UE. However, this work may be out of scope.
For fair comparison between Alt1b and Alt2a, similar codebook size is expected. Companies have common understanding on Alt1b CB, while there are lots of alternatives of Alt 2a. Companies should provide the detailed CB employed for Alt 2a for evaluation.


	Intel
	We don’t understand the part “However, during a simulation run, the phase offset can be updated to another value every n slots (n=20, 40, etc.)”. Based on the previous discussion on this phase error issue, looks the intention is to model the phase misalignment across antennas and it doesn’t change over time.

In principle, we could be fine with the latest version from FL or Ericsson without “However, during a simulation run, the phase offset can be updated to another value every n slots (n=20, 40, etc.)”.

If consensus can’t be reached, we suggest only taking the first bullet in the proposal.

	FL
	@ Qualcomm, Ericsson, MediaTek: Thanks for your further comments. Based on your comments about the relative sensitivity and comparison between Alt1-b and Alt2-a, I have reworded the two sub-bullets and made them clearer and easier to follow.

@Ericsson: The range for phase values is also expanded to allow a thorough evaluation.

@ vivo: Thanks for your comments. Revised the wording and removed the “sufficiently” to avoid any confusion. The added clarification related to the update of phase offset is removed.

@ Apple: Thanks for your comments and support. As indicated in my reply to vivo, the added clarification related to the update of phase offset is removed.

@ LGE: Thanks for your comments. The added clarification related to update of phase offset is removed. As for the 8TX codebook, please note that the general agreement in WG1#109 defined the alternatives only as the starting point for the design of 8TX codebook.

@ Samsung, DOCOMO, ZTE: Thanks for your comments and support. Your comment about the third bullet is noted.

@ Nokia: Thanks for your comments. As replied earlier to Ericsson, the range of phase value is extended. Also, the added clarification related to update of phase offset is now removed. As for the 8TX codebook, you are correct that there is no 8TX codebook for Alt2a, however please note that the general agreement in WG1#109 defined the alternatives only as the starting point for the design of 8TX codebook. 

@ Lenovo: Thanks for your comments. Your comment about the third bullet is noted. Also, the added clarification related to update of phase offset is removed.

@ Intel: Thanks for your comments. The added clarification related to update of phase offset is removed.


	FL
	FL Proposal 1: 
1. For fully-coherent uplink precoding by an 8TX UE, RAN1#111 evaluates performance of Alt1-b and Alt2-a with unequal phase offsets relative to a reference antenna port applied across the antenna ports. 
27. Phase offset values can be assumed uniformly distributed over [-φ, φ], where φ can take 0, 45, 90, 135 and 180 degrees
0. Other values may also be used and reported by companies, e.g., {45, 90}.
0. The same value of phase offset is applied to SRS and PUSCH channels. However, during a simulation run, the phase offset can be updated to another value every n slots (n=20, 40, etc.). 
27. RAN1 considers a similar codebook size for the evaluations.

1. According to the outcome of RAN1#111 discussion, 
28. If the performance of Alt1-b is not as robust as Alt2-a to phase misalignment, If the sensitivity of Alt1-b performance to phase misalignment is confirmed, 
0. Both Alt1-b and Alt2-a are supported, and the support of either alternative will be a UE optional feature/capability.
0. RAN1 sends an LS to RAN4 to inform RAN4 about its observations and decision.
28. If the performance of Alt1-b is more robust than Alt2-a to phase misalignment, If the sensitivity of Alt1-b performance to phase misalignment is not confirmed, 
1. Alt1-b is supported.
1. No LS to RAN4 will be needed.


	Google
	We are a bit confused for the sub-bullets under “if the performance of Alt1-b is not as robust as Alt2-a to phase misalignment”. If the performance of Alt1-b is not good enough, we should choose Alt2-a. It seems unreasonable to support both Alt1-b and Alt2-a.
In addition, do we need some further clarification on what Alt1-b and Alt2-a is? According to previous agreements below, it seems to be unclear whether Alt1-b include both Type1 SP/MP codebook or not. In addition, is there any example for Alt2-a codebook structure? It seems Alt2-a could cover all types of codebooks if the starting point is 2Tx codebook. To some extent, Alt2-a may cover Alt1-b as well.
· Alt1-b:
· Study NR Rel-15 UL 2TX/4TX codebooks and/or 8x1 antenna selection vector(s) as the starting point for design of the codebook for partially/non-coherent UEs
· Study NR Rel-15 DL Type I codebook as the starting point for design of the codebook for fully-coherent UEs
· Alt2-a:
· Study NR Rel-15 UL 2TX/4TX codebooks and/or 8x1 antenna selection vector(s) as the starting point for design of codebook for fully/partially/non-coherent UEs



	Ericsson4
	Regarding vivo’s question “with sufficient sensitivity of Alt1b performance and performance of Alt2a is sufficiently insensitive then what is the logic of supporting both?”, the idea is that if Alt1-b works well when there is good calibration, but Alt2-a works well when there is bad calibration, you may want to specify both.  I believe that was the whole motivation behind the UE capability proposal from the FL.  But if Alt2-a works poorly, but better than Alt1-b with bad calibration, then there would be no motivation to specify Alt2-a: we would rely on calibrated UEs instead.
My intention with the (very controversial it seems 😊) bullet to further consider mechanisms to improve robustness to phase error is simply that we are investigating sensitivity because we think it is a metric that can be used to contribute to decisions on codebook designs.  If we find that both codebooks are sensitive to phase error, then we can ignore that result (essentially saying that we think that phase error is after all not important, and that full calibration will be assumed), or we can try to improve the designs in some way.  One way would be to expand the codebook itself, but it is not the only way.  We do think there can be gains from coherent precoders in some scenarios, so it would be a shame if they are not implementable. Please note that what I proposed specifies Alt1-b if either of the two codebooks is not robust enough to phase error, and so the outcome of the bullet below is then that we study enhancements that make Alt1-b more implementable or not.  Therefore, we can further discuss this after deciding among the codebook alternatives.
For that latest FL proposal, thanks for the update; it looks better to us.  However, the selected codebook design still needs to work, not just better than another design: if Alt2-a is better than Alt-1b with phase error, that does not necessarily mean that Alt2-a is good in the presence of phase error.  Therefore, we can accept the FL proposal as revised:
28. If the performance of Alt1-b is not as robust as Alt2-a to phase misalignment, but Alt2-a is robust, If the sensitivity of Alt1-b performance to phase misalignment is confirmed, 
2. Both Alt1-b and Alt2-a are supported, and the support of either alternative will be a UE optional feature/capability.
2. RAN1 sends an LS to RAN4 to inform RAN4 about its observations and decision.


	OPPO
	Regarding the updated proposal, we still have concern on the condition to make decision. The proposal only covers the case that Alt1-b is worse or better than Alt2-a with phase misalignment, but what would be the choice when Alt1-b is as robust as (or has similar performance as) Alt2-a? We think as long as the performance of Alt-1b is better than or similar to Alt2-a with phase misalignment, Alt1-b should be the only choice without capability. In our initial evaluation results, the performance of Alt-1b and Alt2-a is close even with worst phase error assumption. Even when Alt2-a has small gain (e.g. smaller than 5% THP gain) with phase error, we don’t think it is worthy to specify two CBs in Rel-18.
@QC: According to previous evaluation discussion for other topics, it seems not difficult to judge similar performance. As an example, the THP difference averaged across companies is not larger than 5%.


	vivo
	Thanks Ericsson for clarification on the proposal. Our concern, also raised by other companies, is that before we have evaluation results we don’t need to agree on additional UE capability. If antenna calibration is assumed at the UE, then as QC explained we can only assume current RAN4 definition of time misalignment among antennas. We cannot assume same level of calibration as for gNB antennas at UE, feasibility, complexity and cost matters.

	QC
	Thank FL for the continuing effort to updating the proposal.
Although we don’t think phase offset range values smaller than [-180, 180] degrees are feasible following today’s TAE requirements in RAN4 spec, we can be flexible to study their performance from RAN1 perspective. If we decide to send LS to RAN4, we can ask them the feasibility of those small phase offset values. 
The new down-selection criteria take into account the phase offset impact to both Alt 1b and 2a. We think that is a good direction to go, which compares the two schemes in a fair way.  Although we have a same view as Google that “if the performance of Alt1-b is not as robust as Alt2-a to phase misalignment”, Alt2a should be adopted. But considering majority supporting Alt1b, we can compromise to support both with a UE optional capability for this case. 
Regarding Ericsson’s comment to add “but Alt2-a is robust”, we don’t see this addition is necessary. The addition seems redundant, given that we already have “if the performance of Alt1-b is not as robust as Alt2-a to phase misalignment”.  
In summary, we think FL’s most recent proposal is a good WF considering the comments from both sides. We support it as it is. 

	CATT
	For FL’s latest proposal, we think the methods on declaring “whether Alt1-b is more robust as Alt2-a to phase misalignment” is not clear. We think there are two options:
- Option 1: Comparing the performance of Alt1-b and Alt2-a when phase offset is modeled;
- Option 2: Evaluating the performance difference of Alt1-b with/without phase offset modeled, and evaluating the performance difference of Alt2-a with/without phase offset modeled, and then comparing the difference of the two differences.
We think option 1 is more reasonable. That’s because even if the difference of Alt1-b with/without phase offset modeled is larger than the performance difference of Alt2-a with/without phase offset modeled, only Alt1-b should be adopted if similar performance can be achieved by Alt1-b and Alt2-a or the performance of Alt1-b is better than Alt2-a.
Regarding codebook for Alt 2-a, since different companies may have different designs, we prefer companies to reports their designs on the codebook for Alt2-a.

	FL
	@ Google: Thanks for your comments. The majority of companies have expressed their support for Rel-15 DL-based codebook to be used for fully-coherent 8TX codebook, so going back to Alt2a for this case is not an option at this time. As for the 8TX codebook, you are correct that there is no 8TX codebook for Alt2a, however please note that the general agreement in WG1#109 defined the alternatives only as the starting point for the design of 8TX codebook. 
@ Ericsson: Thanks for your comments and flexibility. I fully understand your intention, however I don’t believe the suggested revision is critical. I am certain that the group will exercise the right judgment.
@ OPPO, CATT: Thanks for your comments. I agree with you that in case of observing a similar level of robustness, there will be no need to have UE capability and only Alt1-b needs to be supported. This is already implied, however, to avoid any confusion, I clarify.
@ Qualcomm: Thanks for your comments and support.

	FL
	FL Proposal 1: 
1. For fully-coherent uplink precoding by an 8TX UE, RAN1#111 evaluates performance of Alt1-b and Alt2-a with unequal phase offsets relative to a reference antenna port applied across the antenna ports. 
29. Phase offset values can be assumed uniformly distributed over [-φ, φ], where φ can take 0, 45, 90, 135 and 180 degrees
0. The same value of phase offset is applied to SRS and PUSCH channels. 
29. RAN1 considers a similar codebook size for the evaluations.

1. According to the outcome of RAN1#111 discussion, 
30. If the performance of Alt1-b is not as robust as Alt2-a to phase misalignment, 
0. Both Alt1-b and Alt2-a are supported, and the support of either alternative will be a UE optional feature/capability.
0. RAN1 sends an LS to RAN4 to inform RAN4 about its observations and decision.
30. If the performance of Alt1-b is more robust than or as robust as Alt2-a to phase misalignment, 
1. Alt1-b is supported.
1. No LS to RAN4 will be needed.


	FL
	The thread is closed for further revision. 

	
	




3.  OFFLINE PROPOSAL

(Offline Agreement) FL Proposal 1: 
1. For fully-coherent uplink precoding by an 8TX UE, RAN1#111 evaluates performance of Alt1-b and Alt2-a with unequal phase offsets relative to a reference antenna port applied across the antenna ports. 
31. Phase offset values can be assumed uniformly distributed over [-φ, φ], where φ can take 0, 45, 90, 135 and 180 degrees
0. The same value of phase offset is applied to SRS and PUSCH channels. 
31. RAN1 considers a similar codebook size for the evaluations.

1. According to the outcome of RAN1#111 discussion, 
32. If the performance of Alt1-b is not as robust as Alt2-a to phase misalignment, 
0. Both Alt1-b and Alt2-a are supported, and the support of either alternative will be a UE optional feature/capability.
0. RAN1 sends an LS to RAN4 to inform RAN4 about its observations and decision.
32. If the performance of Alt1-b is more robust than or as robust as Alt2-a to phase misalignment, 
1. Alt1-b is supported.
1. No LS to RAN4 will be needed.
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