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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, enhancements for dual CW operation, enhancements on SRS configuration, impacts resulted from coherency characteristics of such UEs as well as UE operation with full power. 

Based on the progress and agreements made in the last meeting [3], and the provided discussion in companies’ contributions [4-27], following topics are the focal point of the discussion in this meeting.
· Decision on codebook design for fully-coherent 8TX UEs
· Confirming the WA for the number of CWs for transmission with >4 layers by an 8 TX UE
· Identify and agree on at least one potential PA architecture for full power operation
· Codebook design for partially-coherent (Ng=2 and Ng=4) and non-coherent UEs 
· SRI/TPMI indications for partially-coherent (Ng=2 and Ng=4) and non-coherent UEs
· Enhancements for support of 2CW-based transmission (if confirmed)
· Overhead reduction for SRI/PMI indication 

2 CODEBOOK DESIGN FOR COHERENT 8TX UE 
In the last meeting, as shown in Table 1, Alt1-b received the majority support as the alternative for 8TX codebook design. However, Qualcomm raised concern that when unequal phase offsets are applied across antenna ports, there may be an impact on the throughput performance of an 8TX UE. As a result, it was only agreed to use NR Rel-15 UL 2TX/4TX codebooks as the starting point for design of the codebook for partially/non-coherent UEs. The discussion for coherent codebook design was postponed to after evaluating the impact of misalignment phase on the performance of 8TX UE.

Table 1 - Companies standing for Alt1-b and Alt2-a in RAN1#110b-e
	· Alt1-b:
· [bookmark: _Hlk115944269]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

	· Alt1b: vivo, OPPO, LG, Lenovo, CATT, NEC, Xiaomi, CMCC, Sharp, MediaTek, Apple, Ericsson, Samsung, Nokia, NTT


· Alt2a: Huawei, Spreadtrum, Qualcomm, Google, Intel, IDC




In the post-meeting email discussion, the way forward for addressing the issue of phase misalignment was discussed, and the following proposal was prepared.

(Offline Agreement) FL Proposal 2.1: 
 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. 
o Phase offset values can be assumed uniformly distributed over [-φ, φ], where φ can take 0, 45, 90, 135 and 180 degrees
 The same value of phase offset is applied to SRS and PUSCH channels. 
o RAN1 considers a similar codebook size for the evaluations.

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

Based on the discussion, 10 companies conducted simulation studies to evaluate the impact of phase misalignment on the performance of an 8TX UE. Based on the provided observations, companies’ perspectives can be summarized as shown in Table 2. In Table 3 companies’ detailed observations are captured.
 
Table 2 – Summary of companies’ observations on the impact of phase misalignments
	Alt1-b is not as robust as Alt2-a to phase misalignment,
	Huawei, Intel, Qualcomm, Xiaomi(?)

	Alt1-b is more robust than or as robust as Alt2-a to phase misalignment
	CATT, ZTE, Ericsson, OPPO, MediaTek, Lenovo



Table 3 - Companies’ observations on the impact of phase misalignments
	CATT
	Observation 2: Regarding the performance of codebooks for full-coherent 8Tx UEs, 
 Phase error affects the performance of all the codebooks; 
 For NR DL Type I SP codebook with φ=180, the throughput of NR DL Type I SP codebooks with (O1,O2)=(4,1) and (O1,O2)=(2,1) is similar, and significant performance gain of codebook with (O1,O2)=(2,1) over that with (O1,O2)=(1,1) can be seen, about 13.9% in terms of average throughput. 
 Compared with NR DL Type I SP codebook , Alt2-a-1 shows a smaller performance fluctuation and the performance gain of average throughput over that with φ=0 is -2.8%~2.7% for φ=45, 90, 135 and 180. 
 There is no obvious performance difference between Alt1-b-1 with (O1,O2)=(4,1) and Alt2-a-1. For φ = 45/180, Alt1-b-1 with (O1,O2)=(4,1) outperforms Alt2-a-1. 
 For NR DL Type I MP codebook, phase error does not have a significant negative impact on the performance. Alt1-b-2 shows a small performance fluctuation on average throughput as well, about -2.1%~3.0%. 
 For Alt2-a-2, the best performance is observed among codebooks for full coherent UEs. However, the number of precoders for rank 1 and rank 2 is far more than that of other codebooks. The precoder set still needs to be down-selected to ensure the fairness of comparison. 

	Huawei
	Observation 4: For fully coherent codewords with phase offset between antennas, the average throughput gains of codebook based on UL 4TX than that based on DL type I are -1.29%~3.8% for 𝝋=𝟎, -2.2%~3.57% for 𝝋=𝟒𝟓, 2.55%~12.78% for 𝝋=𝟗𝟎, 6.67%~13.55% for 𝝋=𝟏𝟑𝟓 and 5.15%~15.4% for 𝝋=𝟏𝟖𝟎.


	ZTE
	Observation 3: With phase alignment error, performances of DL and UL codebook schemes are both degraded, with very similar performance loss.

	Xiaomi
	Observation 2: With different phase offset values, Alt2a has similar performance as Alt1b with (N1,N2,O1,O2)=(4,1,2,1). However, Alt2a only exhibits comparable performance to Alt1b with (N1,N2,O1,O2)=(2,2,2,2) when the value of φ equals to 3π/4 and π. 
Observation 3: The performance of Alt2a is more robust than Alt1b to phase offset.


	Ericsson
	Observation 2: In low-SNR scenarios, high phase error significantly degrades the performance of both Alt1-b and Alt2-a. However, Alt1-b consistently outperforms Alt2-a in limited phase error and has essentially the same performance at high error. 
Observation 3: In high-SNR scenarios, phase error degrades Alt1-b and Alt2-a performance minimally, and the two schemes have comparable performance irrespective of the amount of error. 


	OPPO
	Observation: Regardless of the phase error, the performance difference between Alt1-b and Alt2-a is small with the same codebook size.


	Intel
	Observation 1: Regarding the phase error impact on full coherent precoders with 8Tx, Alt 1-b is more sensitive to the phase error, while Alt 2-a shows robustness. 


	MediaTek
	Observation 1: The phase offsets across the Tx ports do not have any impact on the performance of the CBs. DL Type I CB always dominate in the performance when compared with the Legacy concatenated CBs.


	Qualcomm
	Therefore, DFT codebook is not a good choice for Tx without phase calibration. On the other hand, Rel-15 4 Tx UL codebook is suitable for the 4 Tx with nonlinear phase due to uncalibrated error.


	Samsung
	Observation 4: 
· regardless of the phase error, when compared with CB1-CB3 (Alt1-b), CB4 (Alt2-a) is worse in performance and incurs either the same or more TPMI overhead, hence is always inferior in avg. UPT vs TPM overhead perspective, implying Alt1-b is robust to phase misalignment
· up to ~18% loss on avg. UPT with CB4 overhead CB3, for the same TPMI overhead for both
· Oversampling factor (for Alt1-b): increasing oversampling factor improves avg. UPT performance at the cost of additional TPMI overhead of 1-2 bits

	Lenovo
	Observation 1: Alt 1b outperforms Alt 2a without or without phase error accross antennas.
Observation 2: The performace loss with phase error for both DFT and nonDFT CB  is negligible.



Based on the evaluation results and discussion provided by companies, the following proposal is prepared,
FL Proposal 2.2: 
For a fully-coherent uplink precoding by an 8TX UE, 
 Support NR Rel-15 single panel DL Type I codebook as the starting point for design of the codebook
 No LS to RAN4 will be needed

[bookmark: _Ref102632607][bookmark: _Hlk102723427]Table 4 - Companies’ views for FL Proposals 2.2
	Company
	Views

	FL
	Please note that the comment table is strictly for Proposal 2.2

	OPPO
	We are fine with the proposal. 

	Samsung
	We support the proposal.
We also had provided simulation results considering phase misalignment. Our observation is included in Table 3.

	Google
	We can accept this proposal

	LG
	We are ok with this proposal. But, not sure whether the situation is dramatically changed.  

	ZTE
	We are fine with the proposal.

	CMCC
	Support

	Lenovo
	We are fine with this proposal as a starting point. 
We would like to note that the DFT-based codebook structure of NR Rel-15 DL Type I codebook is based on the assumption of a uniform phase ramp across antennas, which applies to ULA. For fully coherent antennas with Ng>1, Ng separate DL Type I codebooks need to be supported.

	Sharp
	We are fine with the FL proposal.

	NTT DOCOMO
	Support

	Ericsson
	Support FL proposal 2.2, based on our observations captured above.
We are also open to discussing mechanisms to address phase error, since both codebooks have sensitivity to phase error.

	QC
	We don’t support this proposal. 

We think the results from companies should be categories into three categories for a fair comparison. We don’t think putting “Alt 1b as robust as Alt 2a” and “Alt 1b is more robust than Alt 2a” into a same category is a fair comparison. If we use three categories based on the sensitivity of performance to phase error, the following is our observation from companies’ simulation results. 
· 7 companies (Huawei, Intel, Qualcomm, Xiaomi, ZTE, Ericsson, MTK) showed Alt 2a is more robust than Alt 1b to phase misalignment. 
· ZTE/Ericsson results showed Alt 1b performance is better than Alt 2a at phase error 0, while Alt 1b performance is worse or the same as Alt 2a at phase error 180 degrees, which means Alt 2a is more robust than Alt 1b to phase offset.
· Xiaomi “Observation 3: The performance of Alt2a is more robust than Alt1b to phase offset”
· MTK result also showed that with 180 phase error, the gap between Alt 1b and 2a is smaller, which means Alt 2a degrade slower to phase error than Alt 1b.  
· 2 companies (CATT, OPPO) showed Alt 1b and 2a have similar robustness to phase misalignment. 
· 0 company showed Alt 1b is more robust to phase misalignment than Alt 2a. 
By the way, if we compare the absolute throughput between Alt 1b and 2a, the categorization would be different. In the above, we just follow FL’s suggestion to compare sensitivity to phase misalignment. 

With the above observation, the robustness of Alt 1b to phase error is either similar or worse than Alt 2a. We don’t see any technical justification to select Alt 1b. Alt 2a should be the way to go. 

Of course, we respect the majority view. We can compromise to introduce capability to support both, or compromise to the following proposal. The motivation to add the sub-bullet in the FL proposal is because gNB will need N bits in DCI signal a precoder in a size M codebook anyway, where N=ceil(log2(M)). Those 2^N-M codepoints will be wasted if we don’t use them. Then the best way to use them is adding precoders from Alt 2a to enhance the robustness of the codebook against phase offset/error. We think this is a WF consider the merit of both alternatives. 

Another minor comment: let’s defer the decision whether send LS or not. RAN1 can first focus on deciding the codebook design. 

QC modified FL Proposal 2.2: 
For a fully-coherent uplink precoding by an 8TX UE, 
 Support NR Rel-15 single panel DL Type I codebook as the starting point for design of the codebook
o For a constructed codebook with size M based on above method, unless ; otherwise, round up the codebook size to the smallest integer  by adding  precoders generated via Alt 2a. 
 No LS to RAN4 will be needed


	Xiaomi
	Not support. We support Alt.2a based on our new simulation findings, Alt.2a is more robust to phase misalignment among Tx ports. Comparable performance gains of the two options are also given by companies when considering this phase impairments. From UE perspective, we prefer Alt.2a from an implementation point of view, and for the potential impacts to RAN4 specs.

	Intel
	In our simulation and also several other companies’ results, it is observed that Alt 2-a is more robust to the phase misalignment.
From our perspective, we prefer to have the UE capability on whether Alt 2-a or Alt 1-b is used for full coherent precoders. We think this is the proper way to move forward.

	vivo
	From our evaluation results, we observe that alt1b is sensitive with phase error among different antennas considering the relative phase in time domain doesn’t change. We are still running the simulation for alt2a, will update as soon as the results are available. From the sensitivity point of view, it could be similar to alt1b or little better, it will not be worse than alt1b intuitively.

	Huawei, HiSilicon
	We do not support this proposal. As we observed from our simulation results, Alt-2a is better than Alt-1b in presence of phase offset between antennas in most cases. In fact, the co-phasing between 4TX precoders for Alt-2a can partially compensate/utilize the phase offset, therefore, a better performance can be achieved.
We notice that companies’ simulation results on the impact of phase misalignments are not fully aligned. Such difference may result from different design for Alt-2a and different #precoders between alternatives. 

	InterDigital
	We can accept the FL proposal, although we prefer Alt-2a as a unified design approach based on the already agreed partial/non-coherent cases. Having UE capability options for both cases can be a compromise way forward.

	Nokia, NSB
	We can agree with FL proposal 2.2.
For the phase error and related UE impairment model, we are also open for further evaluations and discussion.
Regarding to the QC’s latest proposal on the constraint of CB size with a given DCI payload size, we agree with the intention. However, this proposal is at another level of codebook design details, where CB size, ranks and payload size shall be considered together. Unless there is a complete proposal on CB design, there is no need to agree the newly added text.

	CATT
	Fine with NR Rel-15 DL Type I codebook as the starting point for design of the codebook. Our simulation results show that NR Rel-15 multiple panel DL Type I codebook always outperforms Alt 2-a. NR Rel-15 multiple panel DL Type I codebook also can be considered. 

	NEC
	Support the proposal.

	MediaTek
	Support FL Proposal 2.2

	FL
	I think we can live with having Qualcomm’s suggestion as an FFS

FL Proposal 2.2: 
For a fully-coherent uplink precoding by an 8TX UE, 
 Support NR Rel-15 single panel DL Type I codebook as the starting point for design of the codebook
o FFS: For a constructed codebook with size M based on above method, unless ; otherwise, round up the codebook size to the smallest integer  by adding  precoders generated via Alt 2a. 
 No LS to RAN4 will be needed


	Apple
	We prefer the original FL proposal 2.2, but we can also live with the updated proposal.

	MediaTek
	We support the original FL proposal. We don’t agree with the new FFS added.

	FL
	Thread closed





3 CODEBOOK DESIGN FOR PARTIALLY/NON-COHERENT UE 
In the last meeting, it was agreed to use NR Rel-15 UL 2TX/4TX codebooks as the starting point for design of the codebook for partially/non-coherent UEs. To have a complete design, there are a several issues that need to be addressed. However, the first question is how to arrange the structure of the 8TX codebook, using the existing NR Rel-15 UL 2TX/4TX codebook. Based on companies’ contribution (Huawei, ZTE, CATT, Lenovo, Xiaomi, CMCC, Qualcomm, MediaTek), there seem to be somewhat a similar direction among companies on this aspect. FL Proposal 3.1 intends to capture this common view.

FL Proposal 3.1: For PUSCH transmission by a partially/non-coherent 8TX UE with Ng=2, support the following precoding structures, 
· For rank = 1
·  or   where,  is a rank 1 precoding matrix taken from Rel-15 4TX UL codebook

· For rank = 2, 3, 4
· Option 1:   or  , where  is precoding matrix taken from Rel-15 4TX UL codebook with rank()=2, 3 or 4.

· Option 2:  , where  and  are precoding matrices taken from Rel-15 4TX UL codebook, and the rank=rank() + rank() is one of 2, 3 or 4. 

· For rank >4,
· , where  and  are precoding matrices taken from Rel-15 4TX UL codebook, the rank=rank() + rank() is one of 5, 6, 7 or 8. 


Table 5 - Companies’ views for FL Proposal 3.1
	Company 
	Views

	OPPO
	The above design may lead to different antenna port indexing between full-coherent codebook and partial-coherent codebook, and also collides with proposal 6.1. During the discussion of Alt 1-b and 2-a for full-coherent codebook, many companies assume that port groups {0,4}{1,5}{2,6}{3,7} correspond to different pairs of dual-polarization antennas as in Rel-15 DL, and each pair should be within the same antenna group. But in the above proposal, it is clear that ports {0,1,2,3} and {4,5,6,7} correspond to different antenna groups. Hence, we propose to first agree on the antenna grouping before designing the detailed precoders. 
Also, we think there can be other ways to design the partial coherent codebook based on different antenna grouping, e.g. reuse the mechanism for full-coherent codebook based on UL 2Tx/4Tx codebook. For example, 
· For rank = 1-4, where A is UL 4Tx partial-coherent or non-coherent codewords, and is the co-phasing which can take QPSK elements ([1, -1, j, -j]) or other values. 
· For rank =5-8,   or   where A, A1 and A2 is UL 4Tx partial coherent or non-coherent codewords, and,  and is the co-phasing which can take QPSK elements ([1, -1, j, -j]) or other values.

	Samsung
	Comments:
· Since the CB design should be based on simulation results, we prefer to list alternatives for study first. So, suggest to replace the text “support the following…” with “study the following…”
· Since 4Tx codebook includes FC, PC, and NC precoders, it needs to be studied whether  or  corresponds to FC precoders only or can also be PC/NC. Suggest to add FFS.
· FFS: whether or  corresponds to only FC 4Tx precoders or can also be PC/NC 4Tx precoders”
· For study, the size of the codebook (i.e. TPMI payload) should be a metric in addition to the UPT. Suggest to include this.

	Google
	In our view, usually the first half ports are for the first polarization and the second half for the second polarization. For rank 1, it seems the precoder should be [a1, 0, a2, 0, a3, 0, a4, 0]T. Similar change could be needed for other ranks.

	LG
	We also think port indexing should be addressed first. Depending on the port indexing, the precoder formula can be changed. Also, we tend to agree with Samsung that we first list up the alternative rather than agree on the specific design for rank 1. 

	ZTE
	We are generally fine with the proposed codebook structure in proposal 3.1. 

Regarding port indexing issue raised by OPPO, we believe it is still valid. We can first discuss codebook structure based on port group for sake of convenience, and then each port group can be mapped to corresponding port indexes in 8-port codebook. The mapping can be an independent description or specified as a mixed procedure, which can be decided later when drafting spec. 

We agree to include the second comment form SS (FC only, or FC+PC+NC) in the proposal. 
As for simulation for partial and non coherent codebook, if companies agree to do that, criteria should be discussed first. With what kind of simulation assumption, codebook of PC with 2-group, PC with 4-group, and NC is supposed to be applied?


	CMCC
	For rank=2,3,4, Option 1 is essential to indicate the scenario that part of antenna groups are used. Option 1 can be seen as a special case of Option 2, where A1 or A2 is not indicated or indicated with none.
A1 or A2 described in FL Proposal 3.1 implicitly means that A1 or A2 have no relationship and are separately indicated. It may be also possible that A2 =α*A1, then, only A1 is indicated together with α. Suggest to add a Note in FL Proposal 3.1.
Note: A2 may be derived from A1.

	Lenovo
	We are fine with this proposal. We prefer Option 2 for rank=2,3,4

	Sharp
	Same view with Samsung to add FFS: whether A or Ai corresponds to only FC 4Tx precoders or can also be PC/NC 4Tx precoders. Considering TPMI overhead, we prefer A corresponding to only FC 4Tx precoders.

	NTT DOCOMO
	We agree with the first two comments from SS, including 
· revise the main bullet to ‘study’, 
· FFS whether  or  corresponds to only FC 4Tx precoders or FC/PC/NC 4Tx precoders
In addition, for rank > 4 case, we suggest 
· adding FFS on the selected rank combinations for rank() + rank().
Moreover, even if  or  corresponds to only FC 4Tx precoders or FC/PC/NC 4Tx precoders, it does not mean all the corresponding generated precoders should be supported considering the bit size to indicate precoders. Hence, we suggest 
adding another FFS on whether/how to further reduce the number of generated precoders, if needed.

	Spreadtrum
	Support FL proposal 3.1. 
We prefer option 2 for rank=2,3,4 and option 1 just is a special case of option 2. For option2, all the antenna groups can be used for UL transmission to improve the multiplexing effect by making full use of the spatial channel.
Support to discuss the port indexing firstly and the Samsung’s FFS, i.e. to clarify or  corresponds to only FC 4Tx precoders.

	Ericsson
	Generally OK with the proposal, but port aspects should be resolved separately as others have commented. Can we decouple port mapping with the following?  Also, I think we should refer to 8 Tx precoders, not UEs, since codebook subsets are a separate discussion.

FL Proposal 3.1: For PUSCH transmission by with a partially/non-coherent 8TX precoder UE with Ng=2, support the following precoding structures, where the precoding matrices or their row/column permutations are used.



	QC
	We are fine with the proposal in general. For rank 2,3,4, we support option 2. The problem of option 1 is that it only allows to use one antenna group to transmit rank 2, 3, 4. Fully power can not be achieved with this limitation, unless UE implementation guarantees full power can be achieved with a single panel/antenna group, which may be not be guaranteed for all UEs. 

Actually, Option 2 is a super set of option 1. If rank(A1)=0 or rank (A2)=0, option 2 reduces to option 1. But option 2 allows to light up two antenna groups simultaneous, which can achieve full power. 

Also, Option 2 is a unified design for all ranks 1,2,3,4,5,6,7,8. 

	Xiaomi
	Generally, the number of layers corresponding to the first antenna port group is the same or similar as the counterpart of the second antenna port group. So for rank=2,3,4, we support Option 2. To get a unified solution for all ranks, we suggest the following proposal.
For PUSCH transmission by a partially/non-coherent 8TX UE with Ng=2, support the precoding structures  where  and  are precoding matrices taken from Rel-15 4TX UL fully-coherent codebook, the rank=rank() + rank() is one of 1, 2, 3, 4, 5, 6, 7 or 8, and rank()- rank() is one of -1, 0 or 1.
Note that the row-interleaving operation should be adopted to satisfy the port coherency schemes.


Regarding OPPO’s example, it may be difficult to design rank-7 codewords, since the rank-3 partial coherent codeword is either  or . However, it can be solved by concatenation of four rank-4 codewords, and select different columns for different number of ranks.

	Intel
	Don’t support the proposal at this stage.
As mentioned by other companies, the antenna port indexing will have impact on the final precoding matrix and should be discussed firstly.
Also, we agree with Samsung that we should study and list alternatives firstly.
From our perspective, we would like to propose one alternative option to construct the partial coherent/non-coherent precoding matrix by taking Kronecker product of Rel-15 UL 2Tx and 4Tx precoders.

	vivo
	We don’t see necessity of agreement on 8Tx codebook structure for partial and non-coherent precoders, we have 4Tx codebook in spec already and by indicating 2 4Tx precoders using 2 TPMI fields is sufficient, which will also align the design with STxMP precoder indication. What we need to agree is on the combination of ranks from two groups of antennas and codebook subset configuration. To support Ng=4, by configuring current 4Tx partial-coherent codebook subset can support such antenna structure. Another points need agreement is whether to support non-coherent precoders in partial-coherent codebook subset, since it is leads to different codebook size hence TPMI payload. In summary, some RRC configuration for codebook subset restriction and clarification on rank combination based on 4Tx codebook is what needs to be done. 

	Huawei, HiSilicon
	We have the following comments:
1) We don’t think Ng=2 is for non-coherent 8TX UE, this proposal seems to be for partial-coherent UEs.
2) For partially coherent UE with Ng=2, the precoding matrix ,  and  in the current proposal should be fully coherent.
3) We agree with OPPO that the following codebook structure can also be considered to design the partially coherent codebook with Ng=2
· For rank = 1~4,  where,  is a partially coherent precoding matrix taken from Rel-15 4TX UL codebook with rank()=2, 3 or 4,  is a co-phasing which can take QPSK elements ([1, -1, j, -j]) or other values
· For rank = 4~8, , where  and  are partially coherent precoding matrices taken from Rel-15 4TX UL codebook, the rank=rank() + rank() is one of 5, 6, 7 or 8,  is a co-phasing which can take QPSK elements ([1, -1, j, -j]) or other values
Hence, we suggest the following update:

FL Proposal 3.1: For PUSCH transmission by a partially/non-coherent 8TX UE with Ng=2, support study the following precoding structures, 
· For rank = 1
· Option 1:   or   where,  is a fully coherent rank 1 precoding matrix taken from Rel-15 4TX UL codebook
· Option 2:     where,  is a rank 1 partially coherent precoding matrix taken from Rel-15 4TX UL codebook

· For rank = 2, 3, 4
· Option 1:   or  , where  is a fully coherent precoding matrix taken from Rel-15 4TX UL codebook with rank()=2, 3 or 4.

· Option 2:  , where  and  are fully coherent precoding matrices taken from Rel-15 4TX UL codebook, and the rank=rank() + rank() is one of 2, 3 or 4. 

· Option 3:  where,  is a partially coherent precoding matrix taken from Rel-15 4TX UL codebook with rank()=2, 3 or 4,  is a co-phasing which can take QPSK elements ([1, -1, j, -j]) or other values

· For rank >4,
· Option 1:  , where  and  are fully coherent precoding matrices taken from Rel-15 4TX UL codebook, the rank=rank() + rank() is one of 5, 6, 7 or 8. 
· Option 2:  , where  and  are partially coherent precoding matrices taken from Rel-15 4TX UL codebook, the rank=rank() + rank() is one of 5, 6, 7 or 8,  is a co-phasing which can take QPSK elements ([1, -1, j, -j]) or other values
We agree with Samsung and some other companies that the alternatives can be listed and further down-selection should be based on evaluations.

	InterDigital
	Support the FL proposal in principle. Two comments from Samsung can be acceptable, where it includes study on whether the component matrix can be FC only, or allowed to be PC/NC.

	Nokia, NSB
	Rank 1 is agreeable to us.
For other ranks, the best approach shall be based simulations. Prefer to add “study” before we can claim to “support”.

	CATT
	Similar view as Samsung and Huawei that we can list alternatives for study first, and replace “support” with “study” at this stage.
In our contribution, the following alternative is provided, and it shows better performance than current alternatives according to our evaluation. We suggest to including the alternative in the proposal:
· For rank4, ；
· For rank> 4, ;
where is the rank of the PUSCH transmission, , , , , and  are precoders selected from Rel-15 UL 4Tx partial-coherent codebook, 
, , , , ,,
 and .
Regarding port mapping issue raised by OPPO, we have similar view as ZTE that we can discuss codebook structure first. When the codebook structure is stable, we can further determine a port mapping scheme for convenience, or permute row/column permutations of the precoders in the codebook .

	MediaTek
	Support the FL proposal in principle. We prefer Option 2 for rank=2,3,4

	FL
	Thank you all for your valuable inputs.

FL Proposal 3.1: For PUSCH transmission by a partially/non-coherent 8TX UE with Ng=2, support study the following precoding structures, 
· For rank = 1
· Option 1:   or   where,  is a rank 1 precoding matrix taken from Rel-15 4TX UL codebook
· Option 2:     where,  is a rank 1 precoding matrix taken from Rel-15 4TX UL codebook
· FFS whether corresponds to only FC, PC or NC 4Tx precoders. 
· For rank = 2, 3, 4
· Option 1:   or  , where  is a precoding matrix taken from Rel-15 4TX UL codebook with rank()=2, 3 or 4.

· Option 2:  , where  and  are  precoding matrices taken from Rel-15 4TX UL codebook, and the rank=rank() + rank() is one of 2, 3 or 4. 
· Option 3:  where,  is a precoding matrix taken from Rel-15 4TX UL codebook with rank()=2, 3 or 4,  is a co-phasing which can take QPSK elements ([1, -1, j, -j]) or other values
· FFS whether ,  and  corresponds to only FC, PC or NC 4Tx precoders.

· For rank >4,
· Option 1:  , where  and  are precoding matrices taken from Rel-15 4TX UL codebook, the rank=rank() + rank() is one of 5, 6, 7 or 8. 
· Option 2:  , where  and  are precoding matrices taken from Rel-15 4TX UL codebook, the rank=rank() + rank() is one of 5, 6, 7 or 8,  is a co-phasing which can take QPSK elements ([1, -1, j, -j]) or other values
· FFS whether  and  corresponds to only FC, PC or NC 4Tx precoders.

· Other options are not precluded for study.
· When , or  corresponds to only FC, PC or NC 4Tx precoders, it does not mean all the corresponding generated precoders will be supported.
·  FFS on whether/how to further reduce the number of generated precoders.


	Apple
	We are fine with listing different options for further study. But for the newly added Option 2 for rank=1 and Option 2 for rank>4, our understanding is that this may be actually related to the port indexing issue raised by companies. It may be better we separate out the indexing issue and the precoder design itself. We could assume {0, 1, 2, 3} and {4, 5, 6, 7} for precoder design discussion and decide how to map these indices to the rows of precoder matrices in the end.
In addition, for Option 2 for rank=1 and Option 2 for rank>4, it is important to add that A/A1/A2 correspond to the PC 4Tx precoders, otherwise this does not seem to make much sense.

	Intel2
	Thanks FL for the efforts.

However, with the current proposal, it doesn’t work for the co-phasing ports of {0, 1, 4, 5} and {2, 3, 6, 7}.

Hence, we propose the following alternative option for partial coherent precoders with Ng=2. It’s more generic and can work for all the co-phasing ports discussed in Section 6.

Proposal x.x: For PUSCH transmission by a partially coherent 8TX UE with Ng=2, study the following precoding matrix generation:

where  represents Kronecker product operation,  is the 8-Tx precoder with rank x. Whether  and  is Rel-15 UL 2Tx or 4Tx precoding matrix and the corresponding coherence depends on the co-phasing ports for 8-Tx partial coherent UE.
· For co-phasing ports {0, 2, 4, 6} and {1, 3, 5, 7}
·  is 2Tx full coherent precoder and  is 4Tx partial coherent precoder
· For rank x={1,2,3,4},  is rank-1 and  is rank x
· For rank x={6, 8},  is rank-2 and  is rank x/2.
· For rank x={5, 7},  is rank-2 and  is rank (x+1)/2, and then the last column is dropped.
· For co-phasing ports {0, 1, 2, 3} and {4, 5, 6, 7}
·  is 2Tx non-coherent precoder and  is 4Tx full coherent precoder
· For rank x={1,2,3,4},  is rank-1 and  is rank x
· For rank x={6, 8},  is rank-2 and  is rank x/2.
· For rank x={5, 7},  is rank-2 and  is rank (x+1)/2, and then the last column is dropped.
· For co-phasing ports {0, 1, 4, 5} and {2, 3, 6, 7}
·  is 4Tx partial coherent precoder and  is 2Tx full coherent precoder
· For rank x={1,2,3,4},  is rank x and  is rank-1
· For rank x={6, 8},  is rank x/2 and  is rank-2.
· For rank x={5, 7},  is rank (x+1)/2 and  is rank-2, and then the last column is dropped.


	CATT
	We provide following revisions to FL Proposal 3.1 to include our proposals on codebook design.

(Modified) FL Proposal 3.1: For PUSCH transmission by a partially/non-coherent 8TX UE with Ng=2, support study the following precoding structures, 
· For rank = 1
· Option 1:   or   where,  is a rank 1 precoding matrix taken from Rel-15 4TX UL codebook
· Option 2:     where,  is a rank 1 precoding matrix taken from Rel-15 4TX UL codebook
· Option 3:   where,  and B are rank 1 precoding matrix taken from Rel-15 4TX UL codebook
· 
· FFS whether corresponds to only FC, PC or NC 4Tx precoders. 
· For rank = 2, 3, 4
· Option 1:   or  , where  is a precoding matrix taken from Rel-15 4TX UL codebook with rank()=2, 3 or 4.

· Option 2:  , where  and  are  precoding matrices taken from Rel-15 4TX UL codebook, and the rank=rank() + rank() is one of 2, 3 or 4. 
· Option 3:  where,  is a precoding matrix taken from Rel-15 4TX UL codebook with rank()=2, 3 or 4,  is a co-phasing which can take QPSK elements ([1, -1, j, -j]) or other values
· Option 4:  where,  and B are precoding matrix taken from Rel-15 4TX UL codebook with rank()=rank(B)=2, 3 or 4,  is a co-phasing which can take QPSK elements ([1, -1, j, -j]) or other values
· 
· FFS whether ,  and  corresponds to only FC, PC or NC 4Tx precoders.

· For rank >4,
· Option 1:  , where  and  are precoding matrices taken from Rel-15 4TX UL codebook, the rank=rank() + rank() is one of 5, 6, 7 or 8. 
· Option 2:  , where  and  are precoding matrices taken from Rel-15 4TX UL codebook, the rank=rank() + rank() is one of 5, 6, 7 or 8,  is a co-phasing which can take QPSK elements ([1, -1, j, -j]) or other values
· Option 3:  , where    are precoding matrices taken from Rel-15 4TX UL codebook, the rank=rank() + rank() is one of 5, 6, 7 or 8,  is a co-phasing which can take QPSK elements ([1, -1, j, -j]) or other values
· 
· FFS whether  and  corresponds to only FC, PC or NC 4Tx precoders.

· Other options are not precluded for study.
· When , or  corresponds to only FC, PC or NC 4Tx precoders, it does not mean all the corresponding generated precoders will be supported.
·  FFS on whether/how to further reduce the number of generated precoders.



	FL
	Thank you all for your inputs.

FL Proposal 3.1: For PUSCH transmission by a partially/non-coherent 8TX UE with Ng=2, support study the following precoding structures,

A) Non-Kronecker-based solution 
· For rank = 1
· Option 1:   or   where,  is a rank 1 precoding matrix taken from Rel-15 4TX UL codebook
· Option 2:     where,  is a rank 1 precoding matrix taken from Rel-15 4TX UL codebook
· FFS whether corresponds to only FC, PC or NC 4Tx precoders.
· Option 3:   where,  and B are rank 1 precoding matrix taken from Rel-15 4TX UL codebook
 
· For rank = 2, 3, 4
· Option 1:   or  , where  is a precoding matrix taken from Rel-15 4TX UL codebook with rank()=2, 3 or 4.

· Option 2:  , where  and  are  precoding matrices taken from Rel-15 4TX UL codebook, and the rank=rank() + rank() is one of 2, 3 or 4. 
· Option 3:  where,  is a precoding matrix taken from Rel-15 4TX UL codebook with rank()=2, 3 or 4,  is a co-phasing which can take QPSK elements ([1, -1, j, -j]) or other values
· FFS whether ,  and  corresponds to only FC, PC or NC 4Tx precoders.
· Option 4:  where,  and B are precoding matrix taken from Rel-15 4TX UL codebook with rank()=rank(B)=2, 3 or 4,  is a co-phasing which can take QPSK elements ([1, -1, j, -j]) or other values

· For rank >4,
· Option 1:  , where  and  are precoding matrices taken from Rel-15 4TX UL codebook, the rank=rank() + rank() is one of 5, 6, 7 or 8. 
· Option 2:  , where  and  are precoding matrices taken from Rel-15 4TX UL codebook, the rank=rank() + rank() is one of 5, 6, 7 or 8,  is a co-phasing which can take QPSK elements ([1, -1, j, -j]) or other values
· FFS whether  and  corresponds to only FC, PC or NC 4Tx precoders.
· Option 3:  , where    are precoding matrices taken from Rel-15 4TX UL codebook, the rank=rank() + rank() is one of 5, 6, 7 or 8,  is a co-phasing which can take QPSK elements ([1, -1, j, -j]) or other values

· Other options are not precluded for study.
· When , or  corresponds to only FC, PC or NC 4Tx precoders, it does not mean all the corresponding generated precoders will be supported.
·  FFS on whether/how to further reduce the number of generated precoders.

B) Kronecker-based solution 
For PUSCH transmission by a partially coherent 8TX UE with Ng=2, study the following precoding matrix generation:

where  represents Kronecker product operation,  is the 8-Tx precoder with rank x. Whether  and  is Rel-15 UL 2Tx or 4Tx precoding matrix and the corresponding coherence depends on the co-phasing ports for 8-Tx partial coherent UE.
· For co-phasing ports {0, 2, 4, 6} and {1, 3, 5, 7}
·  is 2Tx full coherent precoder and  is 4Tx partial coherent precoder
· For rank x={1,2,3,4},  is rank-1 and  is rank x
· For rank x={6, 8},  is rank-2 and  is rank x/2.
· For rank x={5, 7},  is rank-2 and  is rank (x+1)/2, and then the last column is dropped.
· For co-phasing ports {0, 1, 2, 3} and {4, 5, 6, 7}
·  is 2Tx non-coherent precoder and  is 4Tx full coherent precoder
· For rank x={1,2,3,4},  is rank-1 and  is rank x
· For rank x={6, 8},  is rank-2 and  is rank x/2.
· For rank x={5, 7},  is rank-2 and  is rank (x+1)/2, and then the last column is dropped.
· For co-phasing ports {0, 1, 4, 5} and {2, 3, 6, 7}
·  is 4Tx partial coherent precoder and  is 2Tx full coherent precoder
· For rank x={1,2,3,4},  is rank x and  is rank-1
· For rank x={6, 8},  is rank x/2 and  is rank-2.
· For rank x={5, 7},  is rank (x+1)/2 and  is rank-2, and then the last column is dropped.


	vivo
	Honestly, I don’t understand the alternatives above, why do we need co-phasing factor between antenna groups for partial coherent UE. The baseline option should be to simple use 4Tx codebook and use 2TPMI fields to indicate 8Tx precoders, which is common design with STxMP as well. And, to support Ng=4, the 4Tx codebook subset can be the partial-codebook subset. We don’t need to discuss complicated codebook designs for partial-coherent UE.

	Lenovo
	We share similar concern with vivo that why a layer can be transmitted by all the antenna ports from two non-coherent antenna groups for partial-coherent codebook. We suggest to firstly have a common understanding on the PC CB design principle, i.e., each layer can only be transmitted from a set of antennas from a coherent antenna group. 

	NTT DOCOMO
	We share similar concern with vivo and Lenovo.
Some simple design to use 4TX precoders is sufficient. Lenovo’s suggestion on PC CB design principle is fine to us.
For example, for rank<=4 layers, one 4TX precoder can be used so that a layer is transmitted from antenna port(s) for an antenna group. For rank>4, two 4TX precoders can be used, and co-phasing is not needed between the two precoders. And it is also simpler to consider a layer from antenna port(s) for an antenna group.

	LG
	We share similar concern with vivo and Lenovo. FL can update the document with new proposal discusses offline session. 

	Spreadtrum
	For partial coherent precoders, it can be clarified whether all layers are allowed to be transmitted from one or more non-coherent antenna groups, where each antenna group only corresponds FC 4Tx precoders.




4. NUMBER OF CODEWORDS
Following the discussions in the last meeting, the group agreed on a Working Assumption on the use of dual CW for when the transmission rank is more than four. However, as indicated by several companies’ contributions, as the number of codewords are increased, several other enhancements become necessary, such as DCI enhancements for MCS, NDI, RV indication for the second CW, UCI multiplexing in PUSCH scheduled with 2CW, PUSCH Scrambling for the second CW, CW mapping, etc. Proposals 4.1 - 4.3 capture the next steps of the study for support of dual CW operation.
 
FL Proposal 4.1: Confirm the WA for supporting dual CW for uplink transmission with rank>4.

FL Proposal 4.2: For PUSCH transmission with rank>4 by an 8TX UE, to support dual CW transmission, study,
· DCI enhancements for MCS, NDI, RV indication for the second CW
· UCI multiplexing on PUSCH scheduled with 2CW and impact on beta-offset
· PUSCH Scrambling for the second CW
· Whether/how to support dynamic switching between single and dual CW

FL Proposal 4.3: For PUSCH transmission with rank>4 by an 8TX UE, to support UCI multiplexing on PUSCH, down-select from the following options
· Option1: UCI is always multiplexed on one of the CWs,
· Option2: UCI is multiplexed on both CWs, 
· Option3: Based on UCI payload size, UCI is multiplexed on one or both CWs,
· Option4: UCI is multiplexed only when single CW is enabled

In the last meeting, it was agreed that if dual CW is supported for uplink transmission with Rank>4 by an 8TX UE, reuse DL Rel-15 codeword to layer mapping for both codebook-based and non-codebook-based transmission. However, Lenovo has brought up the need to clarify mapping of the CW to antenna groups for Ng=2 and Ng=4. Proposal 4.3 is to address the issue.  

FL Proposal 4.4: For PUSCH transmission by a partially-coherent 8TX UE with rank>4,
· When Ng=2 each CW is transmitted by a single antenna group 
· When Ng=4 each CW is transmitted by two antenna groups 


Table 6 - Companies’ views for FL Proposals 4.1-4
	Company 
	Views

	OPPO
	We are fine with proposal 4.1-4.3.
For proposal 4.4, we think further study is needed. Considering the DL Rel-15 codeword to layer mapping is reused, this issue can be solved by proper codebook design without any restriction to CW-layer mapping. 

	Samsung
	Proposal 4.1: support
Proposal 4.2: support
Proposal 4.3: OK, we prefer Option1 (i.e., UCI is always multiplexed on first CW).
Proposal 4.4: same view as OPPO, this proposal may not be needed (depending on the CB design). 

	Google
	4.1: Support
4.2: Support
4.3: We do not think UCI multiplexing enhancement is needed
4.4: This seems to require new CW to layer mapping. We think more study is needed.

	LG
	4.1: Support
4.2: Support in general, but we would like suggest to revise 2nd bullet as below, since alpha value also affect the UCI RE mapping in current spec. 
· UCI multiplexing on PUSCH scheduled with 2CW and impact on alpha (higher layer parameter scaling) and/or beta-offset

4.3: We think we need to design UCI multiplexing carefully. UCI such as HARQ-ACK, CSI part 1 and 2 can be multiplexed differently, if we follow LTE mapping rule. So, we would like to suggest to revise as below. 
FL Proposal 4.3: For PUSCH transmission with rank>4 by an 8TX UE, to support UCI multiplexing on PUSCH, study down-select from the following options
· Option1: UCI is always multiplexed on one of the CWs,
· Option2: UCI is multiplexed on both CWs, 
· Option3: Based on UCI payload size, UCI is multiplexed on one or both CWs,
· Option4: UCI is multiplexed only when single CW is enabled
· Other option is not precluded

4.4: Not support. More study is needed. 

	ZTE
	Proposal 4.1: support
Proposal 4.2: support
Proposal 4.3: In LTE, whether a UCI is multiplexed on one or both CWs is based on type of UCI, e.g., HARQ-ACK/RI/CRI, or CQI/PMI. And if one CW is selected, it is the CW with higher MCS. At least from perspective of study, option 5 as following should be included. 

FL Proposal 4.3: For PUSCH transmission with rank>4 by an 8TX UE, to support UCI multiplexing on PUSCH, down-select from the following options
· Option1: UCI is always multiplexed on one of the CWs,
· Option2: UCI is multiplexed on both CWs, 
· Option3: Based on UCI payload size, UCI is multiplexed on one or both CWs,
· Option4: UCI is multiplexed only when single CW is enabled
· Option5: Based on UCI type, UCI is multiplexed on one or both CWs

Proposal 4.4: not support. We prefer not to determine CWs according to Ng.

	CMCC
	FL Proposal 4.1: Support
FL Proposal 4.2: Support
FL Proposal 4.3: Support
FL Proposal 4.3: Not support. We have agreed to reuse DL Rel-15 codeword to layer mapping, then whether CW is transmitted by single or two antenna groups is depended on the TPMI, and has no relationship to antenna groups. We use 6 layers UL transmission as an example, if layers 1-4 are transmitted from antenna group 1, layers 5-6 are transmitted from antenna group 2. Then, CW 1 is mapped to layers 1-3 (transmitted from antenna group 1), and CW 2 is mapped to layers 4-6 (transmitted from antenna group 1 and 2) based on the principle of DL Rel-15 codeword to layer mapping. 

	Lenovo
	Re proposal 4.1: Support 
Re proposal 4.2: Support
Re proposal 4.3: we agree with ZTE to add option 5 that UCI is multiplexed on one or two CWs based on UCI type.
Re proposal 4.4: Support. This should follow the antenna grouping in Proposal 6.1

	Sharp
	Proposal 4.1: Support
Proposal 4.2: Support
Proposal 4.3: Support
Proposal 4.4: Need more study

	NTT DOCOMO
	Proposal 4.1: support
Proposal 4.2: support
Proposal 4.3: OK. For Option1, we can further clarify ‘one of the CWs’ to be ‘first CW (CW#0)’.
Proposal 4.4: not support. Agree with above companies.

	Spreadtrum
	Proposal 4.1,4.2,4.3: support
Proposal 4.4: this issue needs further study and depends on the CB design.

	Ericsson
	4.1: It’s too early to confirm the WA.  The reason we have the WA is the amount of work.  Let’s continue to work according to the WA, and we can confirm once it is clear that the work can be completed.

4.2: All enhancements are for indication of the second CW, right?  Suggest:
· DCI enhancements for the second CW: for MCS, NDI, RV indication for the second CW

4.3: OK

4.4: Agree with others that this should be further studied.  LGE’s revision may be a better starting point.


	QC
	Proposal 4.1: we support it.
Proposal 4.2: we in general support it. But we think it should include the study of CBG based PUSCH with 2 CWs. 
Proposal 4.3: we support this proposal. For option 2, if it is adopted, RAN1 need to decide whether different beta-offset values can be used for the two different CWs. Of course, this can be FFS. 
Proposal 4.4: we don’t support it for now. Some clarification is needed for us to better understand the proposal. For example, why this restriction is needed. After CW to layer mapping, if TPMI choose precoders that map layers of a same CW to different antenna groups, what is the issue?

	Xiaomi
	Proposal 4.1: support
Proposal 4.2: support
Proposal 4.3: ok to study first.
Proposal 4.4: the discussion can be  postponed.

	Intel
	FL Proposal 4.1: Support
FL Proposal 4.2: Support
FL Proposal 4.3: Support
FL Proposal 4.4: This proposal seems not needed.

	Vivo
	Proposal 4.1: even without confirming, study/work on proposals 4.2, 4.3,4.4 can be move forward
Proposal 4.2: generally ok with the proposal, we would add a bullet “further optimization of DCI signalling, payload can be considered”
Proposal 4.3: ok to study first.
Proposal 4.4: we can further study pros and cons.

	Huawei, HiSilicon
	FL Proposal 4.1: Support.
FL Proposal 4.2: we would like to understand more about the following sub-bullet, if dynamic switching is not supported, does it mean that a 8TX UE has to be always scheduled with 5~8 layers?
· Whether/how to support dynamic switching between single and dual CW

FL Proposal 4.3: Support. We prefer option 1 to follow the legacy.
FL Proposal 4.4: More discussion is needed, this should depend on TPMI design.


	InterDigital
	Proposal 4.1: Support.
Proposal 4.2: Support for further study
Proposal 4.3: Support
Proposal 4.4: This can be revisited later after more progress on CB design issues.

	Nokia, NSB
	We support FL proposal 4.1.
FL proposal 4.2 is okay.
For FL Proposal 4.3, we’d prefer to “study”, instead of “down-select”.
Proposal 4.4: this relates to codeword to layer mapping. More study is needed.

	CATT
	FL Proposal 4.1: Support.
FL Proposal 4.2: Support.
FL Proposal 4.3: Further discussion is needed. It is too early to exclude other options.
FL Proposal 4.4: Not support

	NEC
	Fine with proposals 4.1/2/3.

	MediaTek
	Proposal 4.1: Support
Proposal 4.2: Support
Proposal 4.3: Support
Proposal 4.4: Not support.

	FL
	Thank you all for your constructive comments.

FL Proposal 4.1: Confirm the WA for supporting dual CW for uplink transmission with rank>4.

FL Proposal 4.2: For PUSCH transmission with rank>4 by an 8TX UE, to support dual CW transmission, study,
· DCI enhancements for the second CW: MCS, NDI, RV indication for the second CW
· UCI multiplexing on PUSCH scheduled with 2CW and impact on alpha and/or beta-offset parameters
· UCI multiplexing on PUSCH scheduled with 2CW and impact on beta-offset
· PUSCH Scrambling for the second CW
· Whether/how to support dynamic switching between single and dual CW

FL Proposal 4.3: For PUSCH transmission with rank>4 by an 8TX UE, to support UCI multiplexing on PUSCH, study down-select from the following options
· Option1: UCI is always multiplexed on one of the CWs,
· Option2: UCI is multiplexed on both CWs, 
· Option3: Based on UCI (e.g., type, payload size, etc.) UCI is multiplexed on one or both CWs,
· Option4: UCI is multiplexed only when single CW is enabled
· Other options are not precluded

FL Proposal 4.4: For PUSCH transmission by a partially-coherent 8TX UE with rank>4, study
· Whether for When Ng=2 each CW is transmitted by a single antenna group 
· Whether for When Ng=4 each CW is transmitted by two antenna groups 


	Apple
	P4.1: OK
P4.2: We would like to understand better the scope of dynamic switching for the bullet “Whether/how to support dynamic switching between single and dual CW”. Does it mean that for a UE configured with up to 8 layers, the gNB could still dynamically indicate whether it is a single or dual CW for rank > 4?
P4.3: OK
P4.4: The need is not clear to us. We wonder what is still missing if we reuse DL mechanism together with TPMI indication.

	FL
	No update for Proposal 4.1.

FL Proposal 4.2: For PUSCH transmission with rank>4 by an 8TX UE, to support dual CW transmission, specify
· MCS, NDI, RV indication for the second CW
· UCI multiplexing on PUSCH when second CW is enabled
· PUSCH Scrambling for the second CW
· Enabling/Disabling the second CW
Note: Strive to reuse NR DL schemes where possible.

FL Proposal 4.3: For PUSCH transmission with rank>4 by an 8TX UE, to support UCI multiplexing on PUSCH, study the following options for down-selection,
· Option1: UCI is always multiplexed on one of the CWs,
· Option2: UCI is multiplexed on both CWs, 
· Option3: Based on UCI (e.g., type, payload size, etc.) UCI is multiplexed on one or both CWs,
· Option4: UCI is multiplexed only when single CW is enabled
· Other options are not precluded

FL Proposal 4.4: For PUSCH transmission by a partially-coherent 8TX UE with rank>4, study
· Whether for Ng=2 each CW is transmitted by a single antenna group 
· Whether for Ng=4 each CW is transmitted by two antenna groups 


	Lenovo
	For FL proposal 4.2, on the 4th bullet, does it mean both single-CW and dual-CW will be supported for more than 4 layers PUSCH transmission?

	LG
	For FL proposal 4.4, we don’t prefer that CW transmission according to Ng. But, we don’t object the study. 




5. FULL POWER OPERATION
[bookmark: _Hlk117151161]In the first meeting of Rel-18, it was agreed to study full power transmission by a partial/non-coherent 8TX UEs. While the details of the process will be discussed upon completion of the codebook design, in the last meeting, it was agreed that to support full power operation, RAN1 #111 should identify and agree on at least one potential PA architecture. Several companies have provided their views on potential UE PA architecture that can be captured in Proposals 5.1 and 5.2.

FL Proposal 5.1: For an 8TX partially-coherent UE, for full power PUSCH transmissions, support the following UE power capabilities:
· UE capability 1: UE is equipped with full rated PAs on each Tx chain is supported 
· UE capability 2: UE is equipped with two PAs rated at (PPowerClasss - 3) dBm
· UE capability 3: UE is equipped with four PAs rated at (PPowerClasss - 6) dBm
where PPowerClasss is according to the UE power class.

FL Proposal 5.2: For an 8TX partially-coherent UE, for full power PUSCH transmissions, use Rel-16 full power modes as the starting point for the design. 


Table 7 - Companies’ views for FL proposals 5.1-2
	Company 
	Views

	OPPO
	For Proposal 5.1, does UE capability 2 correspond to UE with Ng=4 and UE capability 3 correspond to UE with Ng=2?

	Samsung
	Proposal 5.1: comments
· Our preference is postponing this discussion until we have some understanding about the codebook. Without the codebook, we are not sure what we are agreeing to. We are OK if we want to study possible PA architectures.
· Then, it is unclear why these 3 PA architectures are preferred over other possible architecture. At this point, we prefer not to exclude other PA architectures. 
Proposal 5.2: Clarification question: is it for discussion purpose, since Rel.16 modes can’t be used directly for 8Tx?

	Google
	5.1: Do not support. Spec should not require the UE to disclose its hardware info.
5.2: OK in principle, but it seems we should add non-coherent as well?

	LG
	5.1: Not support especially for UE capability 2 and 3. Why do we preclude other possibilities without sufficient study? 
5.2: Support

	ZTE
	Proposal 5.1: 
· First, it is obvious we need a new power class, e.g., 32dBm. As legacy, PPowerClass in R18 with new power class means 32 dBm, so we cannot say all TX ports are equipped with 32dBm PA. In this proposal, it seems full rated PA or PPowerClasss is a max power of one TX port. But we don’t have such definition before. We suggest to have a proposal for a new power class, e.g., 32dBm. And clarify that when we say full power, or full rated power, whether it is the new power class, or the legacy full power level, e.g., 23dBm for power class 3 in legacy. 
· Second, it seems that majority of companies agree with PA architecture with 8 23dBm-PAs. We actually don’t see the need to consider PA lower than 23dBm for CPE/WFA device. Lower power PA, e.g., 20dBm, 17dBm, or even 14dBm, sounds like lower price component, but different types of components may cause much more realistic problems in design and even higher price (it should be noticed that even we already have Rel-16 full power mode, 23-dBm PA or 26dBm is what we have in the market). Thus, we prefer that if we need more PA architecture, it should be partial PAs with higher than 23dBm. We also noticed that some companies prefer to support architecture with some PA lower than 23dBm. We suggest to first agree with one architecture with 8 23dBm PAs. And for other candidates, e.g., part of PAs can be lower or higher than 23dBm, can be FFS. 

Proposal 5.2: We don’t think all full power mode, 0, 1 and 2 are needed to be supported in R18. It may depend on what type of PA architectures are supported. In only one PA architecture, e.g., 8 23dBm PAs, is supported finally, and there is no such flexibility. So, only one new full power mode which is similar to legacy full mode 2 can be sufficient. 


	CMCC
	FL Proposal 5.1: We support UE capability 1-3 listed in FL Proposal 5.1. However, we could further consider one kind of low-end UE capability the UE is equipped with eight PAs rated at (PPowerClasss - 9) dBm, which is a potential UE implementation in future commercial products.
· UE capability 4: UE is equipped with eight PAs rated at (PPowerClasss - 9) dBm
FL Proposal 5.2: Support.

	Lenovo
	On proposal 5.1, we fail to see the motivation with UE capability 2 and UE capability 3. 
On proposal 5.2, we are fine but prefer to discuss it when we have a common understanding on the CB for each antenna layout.

	Sharp
	Proposal 5.1: Other PA should be precluded yet. But support at least full rated PAs.
Proposal 5.2: Generaly support

	NTT DOCOMO
	FL Proposal 5.1: we’d like to clarify that, it does not mean UE needs to report power of PA of each TX to NW, is it correct understanding?

FL Proposal 5.2: Okay in principle.

	Ericsson
	5.1  Support the approach of listing a small number of capabilities for the purpose of determining full power modes, but some further discussion and clarification is needed.  
· For capabilities 2 & 3, are the remaining PAs at -9 dB, 0 dB, or some other value, relative to the power class?  Or do you mean that there are two or four PA groups, with all PAs at -3 or -6?
· Why is the all -9 case excluded?  This would be a minimum capability for a UE that is capable of transparent TxD and full power modes.
· Why is [0 -3 -6 -6 -9 -9 -9 -9] dB case excluded?  Such a design seems to work well with virtualization during MIMO operation, and allows full power prior to RRC connection without virtualization.
· What is the logic behind capabilities 2 and 3?  Is it that 20 and 17 dBm PAs are seen as likely to be more available than 14 dBm?
· To add our view, we think PAs that are [0 0 0 0 0 0 0 0], [0 -3 -6 -6 -9 -9 -9 -9], and [-9 -9 -9 -9 -9 -9 -9 -9] dB relative to their power class can be considered, since this covers a broad set of implementations (and as elaborated above for [0 -3 -6 -6 -9 -9 -9 -9]).

Regarding the wording of the first bullet, we don’t think these are PA capabilities, and non-full power operation may also be designed, but instead these should be design targets for UL MIMO power scaling.  We are also missing the non-coherent case.  The coherent case (which is not normally considered as full power operation) should also be allowed with such PA architectures.

FL Proposal 5.1: For an 8TX partially-coherent UE, for UL MIMO power scaling full power PUSCH transmissions, support target the following UE power per Tx chain capabilities:

5.2: This should be according to the outcome of 5.1, right?
FL Proposal 5.2: For an 8TX partially-coherent UE, for full power PUSCH transmissions, use Rel-16 full power modes as the starting point for the design, targeting the UE PA capabilities as agreed in FL Proposal 5.1

	QC
	Proposal 5.1: we don’t support it. We think there is no need to define new UE PA types or new capability signaling. Just reusing Rel-16 UE types is sufficient, i.e., UE equipped with full rated PA on each Tx chain; UE equipped full rated PA on a subset of Tx chains; UE equipped full rated PA on none of the Tx chains. 
Proposal 5.2: we support this proposal, although we think mode 0 is not very useful in practice, due to it requires 8 full rated PAs on a UE. We think mode 0 should be enhanced and extended to UEs without 8 full rated PAs. 

	Intel
	Some questions for clarification.
FL Proposal 5.1:
The case of non-coherent UE should be included. Regarding UE capability 2&3, does it mean the rest PAs are full rated PA?
FL Proposal 5.2:
The case of non-coherent UE should also be included. Does the proposal mean all the Rel-16 full power modes (Mode 0, Mode 1, Mode 2) are used as starting point?

	vivo
	Proposal 5.1, we assume the listed UE capability 1, 2, 3 are only for discussion purpose. Once we have agreement on PA architectures, Rel-16 UE capability signalling works well.
Proposal 5.2, we are fine to take Rel-16 full power modes as starting point.

	Huawei, HiSilicon
	Proposal 5.1, we prefer to study the capabilities using Rel-16 full power capabilities as a starting point.
Proposal 5.2, considering the performance, at least support Rel-16 full power modes 0/2, whether full power mode 1 is supported can be further studied.

	InterDigital
	Proposal 5.1: Support in principle, with understanding this could be a good starting point of discussion. Then, it may be better to have some rewording to allow more studies not excluding other options as well.
Proposal 5.2: Support.

	Nokia, NSB
	Support FL Proposal 5.2.
For FL Proposal 5.1, we think QC’s proposal would be a good starting point. Furthermore, we need to discuss whether multiple UE capability indications are needed for UE equipped full rated PA on none of the Tx chains. 

	CATT
	FL Proposal 5.1: Other possibilities should not be precluded. 
FL Proposal 5.2: Support.

	MediaTek
	FL Proposal 5.1: Not support. Agree with comment made by QC, We should reuse R16 types/modes
FL Proposal 5.2: Fine

	FL
	Thanks very much for all your comments.

The core of Rel-16 full power discussion centered around UE capability 3. For a 4TX UE, due to the small number of antennas (4), it was relatively easy to design full TX power procedure in an abstract manner. However, for an 8TX UE, that may be not the case, as an extremely large set of UE PA combinations could exist that make the design for support of full power 8TXUE very complicated. Therefore, we need some baseline exemplary cases for power rating to discuss this feature for an 8TX UE in Rel-18.

(Rel-16) Agreement 
Full TX power UL transmission with multiple power amplifier is supported at least for codebook based UL transmission for non-coherent and partial/non-coherent capable UEs. The support of this feature is indicated by the UE as part of UE capability signalling. For power class 3:
· UE capability 1: for the UE to support full Tx power in UL transmission, full rated PAs on each Tx chain is supported with a new UE capability 
· FFS: detailed power scaling description 
· Note: Full Tx power means UE delivers total power of 23dBm for PC3
· UE capability 2: for the UE to support full Tx power in UL transmission, no Tx chain is assumed to deliver full power with the new UE capability 
· o	FFS: detailed design
· UE capability 3: for the UE to support full Tx power in UL transmission, subset of Tx chains with full rated PAs is supported with a new UE capability
FFS: Whether all three capabilities will be specified or a subset will be specified
FFS: UE capability signalling/reporting details
Note: Two or more of the above capabilities could be merged depending on the further details


FL Proposal 5.1: To support full TX power uplink codebook-based transmission by a partially/non-coherent 8TX UE,
· Reuse Rel-16 UE capability definitions, i.e., UE Capability 1, 2 and 3
· To support full TX power transmission by UE Capability 3, at least, target the following UE power per Tx chain:
· Case 1: UE is equipped with two PAs rated at (PPowerClasss - 3) dBm
· Case 2: UE is equipped with four PAs rated at (PPowerClasss - 6) dBm
· Other cases of interest are not precluded
where PPowerClasss is according to the UE power class.

FL Proposal 5.2: For an 8TX partial/non-coherent UE, forto support full power codebook-based PUSCH transmissions, use Rel-16 full power modes as the starting point for the design. 


	Apple
	For P5.1, we should still discuss first whether we want to support all the Rel-16 UE capabilities for full power operation. With more Tx, the design naturally becomes more complicated. We do understand some companies’ preference not to only support full-rated PAs for all Tx chains (which is our preference for a powerful 8Tx CPE/FWA device), we should at least minimize the targeted configurations to support. In this sense, the original proposal would be a better starting point for discussion from our perspective.
Also, does case 1 and case 2 belong to R16 UE capability 2 instead? I assume case 1 corresponds to Ng=2 and each antenna group can use -3 dBm power, while case 2 corresponds to Ng=4 and each antenna group can use -6 dBm power. This means no Tx chain has full power. Is this the right understanding?

	MediaTek
	Support in principal for both FL Proposal 5.1 and FL Proposal 5.2
More discussions may be needed for Ng>1 for full power mode.

	Lenovo
	Fine with both FL proposal 5.1 and 5.2

	NTT DOCOMO
	For proposal 5.1, for Case 1 and Case 2, can we understand the other not-mentioned PAs as full-rated PAs?

	LG
	Fine with both FL proposal 5.1 and 5.2




6. ANTENNA PORT 
In the last meeting, some alternatives for codebook design of an 8TX partial-coherent UE were identified for Ng=2 and Ng=4 cases. Based on companies’ views, that are captured in Table 8, for Ng=2, Alt2, and for Ng=4, Alt1 have the most support. 

Table 8 – Summary of companies’ views on coherent port indexing
	· For when Ng=2, down-select of the following convention for assumption of port coherency scheme is used 
· Alt 1: two coherent groups of {0,2,4,6} and {1,3,5,7}
· Alt 2: two coherent groups of {0,1,4,5} and {2,3,6,7}
· Alt 3: two coherent groups of {0,1,2,3} and {4,5,6,7} 
	Alt1: CATT, Intel 

Alt2: Supported by ZTE, Spreadtrum, Lenovo, Xiaomi, OPPO, Sharp, Ericsson, NTT, LG

Alt3: CATT, Qualcomm, vivo, Samsung

	· For when Ng=4, down-select of the following convention for assumption of port coherency scheme is used
· Alt 1: four coherent groups of {0,4}, {1,5}, {2,6}, and {3,7}
· Alt 2: four coherent groups of {0,1}, {2,3}, {4,5}, and {6,7}
· Alt 3: four coherent groups of {0, 2}, {4, 6}, {1, 3} and {5, 7}
	Alt 1: Supported by CATT, ZTE, Spreadtrum, Lenovo, Xiaomi, OPPO, Sharp, Ericsson, NTT, LG

Alt2: Qualcomm, vivo, Samsung 

Alt3: CATT, Intel



FL Proposal 6.1: For codebook design of an 8TX partial-coherent UE, configured with an 8-port SRS resource
· For when Ng=2, the following convention for assumption of port coherency scheme is used 
· Alt 2: two coherent groups of {0,1,4,5} and {2,3,6,7} 
· For when Ng=4, the following convention for assumption of port coherency scheme is used
· Alt 1: four coherent groups of {0,4}, {1,5}, {2,6}, and {3,7} 

Table 9 – Companies’ views for FL proposals 6.1
	Company 
	Views

	OPPO
	We support the proposal. We think RAN1 should first agree on the antenna grouping before discussion of detailed precoder design.

	Samsung
	In our view, antenna grouping scheme is irrelevant. Any alternative will work. If DL Type I codebook based design is used for FC, then it makes sense to following similar port numbering for PC, which correspond to Alt3 and Alt2 for Ng=2 and 4, respectively.

Besides, if a FC UE is configured with both FC and PC codebook subsets, then we need to align the port numbering across different types of precoders, i.e. FC and PC precoders should have the same port numbering.

	Google
	Support

	LG
	Support

	ZTE
	We support the proposal. The UL codebook for 8Tx should accommodate port indexing for 2 and 4 port groups similar to legacy UL 4Tx. 

	CMCC
	Support

	Lenovo
	Support

	Sharp
	Support 

	NTT DOCOMO
	Support

	Spreadtrum
	Support 

	Ericsson
	Support.  This is in line with the way Rel-15 ports are mapped on the DL and UL in our understanding.

	QC
	We don’t object this proposal. As we commented in last meeting, any alternative would work. Different alternative just introducing a potential row permutation of the precoders. However, if we agree this proposal, then the notation of FL Proposal 3.1 need to be changed, as FL proposal actually assume Alt 3/Alt 2 for Ng=2/4 respectively in Proposal 3.1. For the convenience of notation to write down partial coherent codebook in specification, we prefer Alt 3/Alt 2 for Ng=2/4 respectively, which have continuous port index in an antenna group. 

	Xiaomi
	Support.

	Intel
	This is some logical numbering, but it impacts the precoding matrix structure.
From our perspective, our first preference is Alt 1 for Ng=2, and Alt 3 for Ng=4.
Alt 3 for Ng=2 and Alt 2 for Ng=4 is also acceptable for us.

	vivo
	For partial and non-coherent cases, it would be simpler to group 4 antennas with numbering as in legacy 4Tx codebook, which will simplify spec effort. If we don’t follow legacy 4 antennas  numbering, then clarification on antenna port mapping and current 4Tx precoder elements will be needed in the spec.

	Huawei, HiSilicon
	We think the coherent group depends on the partial-coherent codebook. If is adopted, then Alt 3 for Ng=2 is more appropriate. If is adopted, then Alt 1 for Ng=2 is more appropriate. Hence, we suggest to discuss the coherent group after partial-coherent codebook is designed.


	InterDigital
	Support.

	Nokia, NSB
	Support.

	CATT
	We suggest postponing the discussion after the codebook structures are available. A port mapping scheme that is more convenient for codebook presentation should be adopted.
Since whether a full-coherent UE can be configured with partial-coherent/non-coherent codebook subsets has not discussed yet, the alignment of the port numbering across different types of precoders can be discussed later.

	NEC
	Support

	MediaTek
	Fine

	FL
	Thank you all for your valuable inputs.
 
From my perspective, port indexing is to facilitate the discussion about codebook design, and not driving it. So, it should not really matter if the sequence always looked properly ordered for different potential codebook. 

FL Proposal 6.1: For codebook design of an 8TX partial-coherent UE, configured with an 8-port SRS resource
· For when Ng=2, the following convention for assumption of port coherency scheme is used 
· Alt 2: two coherent groups of {0,1,4,5} and {2,3,6,7} 
· For when Ng=4, the following convention for assumption of port coherency scheme is used
· Alt 1: four coherent groups of {0,4}, {1,5}, {2,6}, and {3,7} 


	Apple
	Our understanding is also that the indexing should not matter in the end. Share similar view as QC.
Maybe to check here: is there any particular reason to choose these alternatives? We think having consecutive indexing for the ports in the same antenna group is more convenient.

	Lenovo
	Support

	LG
	Support

	Spreadtrum
	Support 




7. TRI/SRI/TPMI INDICATION FOR CODEBOOK UL TRANSMISSION
To avoid excessive overhead associated to rank, precoding, and SRS resource indication, it was agreed to study low overhead solutions for SRI and/or transmitter precoder matrix indication for codebook-based for UL transmission by an 8TX UE. Accordingly, it was agreed to discuss whether/how to
· indicate one or multiple TPMI/SRI, according to the number of antenna groups, coherence capability, codebooksubset configuration, etc. 
· extend Rel-17 framework, e.g., TPMI/SRI indication in MTRP PUSCH
· have separate/joint indication of rank and precoding information.
· indicate n (<=Ng) selected antenna group(s) separately from TPMI/TRI indication

In this meeting, companies have provided further thoughts on this topic. Based on the provided inputs by companies, alternatives for three main areas of SRI indication, rank indication and antenna group indication have been discussed that are captured in Table 10. There are also some alternatives proposed for TPMI discussion, however it is better to discuss them when we have a clearer picture on the codebook design.
 
Table 10 – Summary of companies’ views on TRI/SRI/TPMI indication for codebook-based UL transmission
	· SRI indication
	Single SRI field: 
· Spreadtrum, CATT, CMCC, OPPO,

	
	Two SRI fields: 
· vivo, Lenovo,  

	· Rank indication
	Separate indication of TRI and TPMI: 
OPPO, LG

	
	Joint indication of TRI and TPMI: 
· CMCC

	· Antenna group indication
	Separate indication of antenna group and TPMI: 
· ZTE, Samsung, NEC,

	
	Joint indication of antenna group and TPMI:
· NA



FL Proposal 7.1: For CB-based 8TX PUSCH transmission, 
· (a) For SRI indication, down-select from
· Use a single SRI field 
· Use two SRI fields 
· (b) For rank indication, down-select from
· Separate indication of TRI and TPMI
· Joint indication of TRI and TPMI 
· (c) For antenna group indication, down-select from
· Separate indication of antenna group and TPMI
· Joint indication of antenna group and TPMI

In the last meeting, it was agreed that for SRS configuration required for non-codebook-based UL transmission by an 8TX UE, a single SRS resource set is configured with up to 8 single-port SRS resources. Clearly, as the number of SRS port increases for an 8TX UE, the overhead associated to the SRI indications increases. To address the issues, there are competing solutions that are captured in Proposal 7.2.

FL Proposal 7.2: For NCB-based 8TX PUSCH transmission, 
· All SRS port combinations are supported for up to 4 layers 
· FFS whether all SRS port combinations or a subset to be used for more than 4 layers


Table 11 - Companies’ views for FL proposals 7.1-2
	Company 
	Views

	OPPO
	For proposal 7.1, we should first agree on antenna group indication. We don’t think antenna group indication in addition to TPMI is needed. 
For proposal 7.2, we don’t need to support all SRS port combinations even for low rank. If a overhead reduction mechanism is introduced for more than 4 layers (we hope so), it can be also applied to low rank. 

	Samsung
	Proposal 7.1: OK to study
Proposal 7.2: We prefer full flexibility, i.e., all possible combinations for all rank. The overhead is 8 bits at the most (when N_SRS=8). This is comparable to the overhead of SRI/TPMI for CB-based. 

	Google
	7.1: We are a bit confused with (c), what does the antenna group indication mean? The gNB indicate the number of Ng and each port in Ng?
7.2: OK

	LG
	7.1: Ok to study. For (c), we do not think antenna group indication is needed. 
7.2: We also prefer full flexibility. Bit-map can be used for support of full flexibility. 

	ZTE
	@FL: Note that this section number is 7, so proposal should be 7.1, and 7.2. proposal 6.1 has bee occupied by the previous port indexing one. 

For proposal 7.1, 
· For (a), SRI indication, this is based on the conclusion of number of SRS resources and SRS resource sets for CB. We agree to support only one SRS resource set and one SRS resource to support 8Tx, so we only need one SRI field. 
· For (b), we prefer ‘Joint indication of TRI and TPMI’, for each port group. We evaluated the overhead of joint and separate schemes, and found that separate scheme may cause a larger overhead. Therefore, the legacy joint indication of TRI and TPMI should be reused for each port group. 
· For (c), ‘Separate indication of antenna group and TPMI’ is preferred. The number of antenna groups can be indicated first, and then a joint TPMI and RANK indication for each antenna group is further indicated. 

For proposal 7.2, we agree to reduce candidates of SRS port combination. And we also agree with OPPO that even for lower rank we may do not need to support all combinations. 


	CMCC
	FL Proposal 7.1 (a): Support use a single SRI field. For codebook-based transmission, it has been agreed to support configuration of 1 SRS resource set containing up to X 8-port SRS resource(s). Then, SRI field in Rel-15 can be reused for codebook based 8 TX UL transmission, when only one SRS resource is configured, the SRI field in DCI is absent, when two SRS resources are configured, 1 bit of SRI field in DCI is reused to indicate the selected SRS resource. For non-codebook-based transmission, it has been agreed to support a single SRS resource set configured with up to 8 single-port SRS resources, then a single SRI field as legacy is enough. We could not see the need to use two SRI fields.
FL Proposal 7.1 (b): This may depend on the TPMI design, which can be discussed later. If companies suggest to discuss it at this meeting, we support joint indication of TRI and TPMI.
FL Proposal 7.1 (b): This may depend on the TPMI design, which can be discussed later. If companies suggest to discuss it at this meeting, we support joint indication of antenna group and TPMI.
FL Proposal 7.2: Not Support. Could proponents clarify why SRI overhead reduction is considered only for more than 4 layers. At this time, we may list all possible methods for SRI overhead reduction for companies to further down-selection.

	Lenovo
	Re proposal 7.1: 
· For SRI indication, we think single SRI field should at least be supported since we have agreed that 8 SRS ports can be configured for one SRS resource.
· For rank indication, support
· For antenna group indication, we understand that antenna group only need to be indicated for partial-coherent CB with certain ranks and it can be part of TPMI indication.
Re proposal 7.2: Support

	Sharp
	Proposal 7.1: for (c), need to clarify what is meant by antenna group indications. Ng or antenna layout or other information related to antenna group?
Proposal 7.2: OK with the proposal

	NTT DOCOMO
	Before discussing DCI design, we suggest discussing and deciding the codebook subset configuration principle first. For example, if legacy is followed, fully-coherent UEs can be configured with 'fullyAndPartialAndNonCoherent' codebook subset; partially-coherent UEs can be configured with 'partialAndNonCoherent' codebook subset.

For proposal 7.1, 
· For (a), we support one SRI field. 
· For (b), we prefer ‘joint indication of TRI and TPMI’,. 
· For (c), some clarification is needed on antenna group indication.

For proposal 7.2,
8-bit bitmap that supports full flexibility should be starting point. On top of that, we can further discuss whether any SRI overhead reduction method is needed or not.

	Spreadtrum 
	Proposal 7.1: 
(a), support single SRI field; 
(b), support this proposal. The rank indication depends on the CB design;
(c), suggest to clarify the antenna group indication.

Proposal 7.2:  we think all port combinations should be listed for every rank, and then the need to reduce overhead can be further considered.

	FL
	@ ZTE: Numbers corrected, thanks very much for your sharp eyes!

	Ericsson
	7.1 OK with proposal.  However, we think Rel-15/17 principles should be kept: SRI indicates resources within a set, TRI & TPMI are jointly indicated, and antenna group is indicated via TPMI.

7.2 Support.  The first 4 layers are the most important to support from a system performance viewpoint, and there seems to be no reason to optimize the small amount of overhead needed in Rel-15.  The need for DCI optimization in the >4 layer case should be established.

	QC
	We think it is better to discuss these signaling details after the design of codebook and SRS are settled. Without a clear design on them, it is not clear to us how to design the signaling schemes. 

	Xiaomi
	Proposal 7.1: ok to study.
Proposal 7.2: Support and agree that 8-bit bitmap that supports full flexibility should be starting point.

	Intel
	FL Proposal 7.1:
Same view as other companies. It’s not clear on the antenna group indication.
FL Proposal 7.2:
What’s the motivation to only use a subset of port combinations for more than 4 layers?

	vivo
	Proposal 7.1, we may need to support both options, such as 1 SRI and 2 SRI, 1 TPMI and 2 TPMI fields, depending on UE capability and gNB configured codebook subset. For example, full-coherent codebook subset if alt1b is supported and configured by gNB, it could be 1 SRI and 1 TPMI field in DCI. For partial-coherent codebook subset configured by RRC, it could be 2 SRI and 2 TPMI fields, which also aligns with STxMP signaling design.
Proposal 7.2, the first sub-bullet may need some clarification, currently it says “all SRS port combinations …” here we need to distinguish the number of configured SRS resources and supported max layers. For 8Tx UE, it is possible configure 4 SRS resources and support max layers of 4 or configure more than 4 SRS resource and support max layers of 4. It should be fully flexible from signaling perspective, and simplification of specification work should be considered, otherwise SRI tables will be too large and complicated.


	Huawei, HiSilicon
	For proposal 7.1, 
· For (a), we agree to support only one SRS resource set, and we think one SRI field is enough.
· For (b), we support joint indication of TRI and TPMI as in legacy R15, which is expected to have lower overhead than separate indication.
· For (c), we don’t think indication of antenna group is needed. By indicating the TPMI, which antennas to be used has been indicated, the implementation of antenna groups is not known to gNB. 
For proposal 7.2, we agree to reduce candidates of SRS port combination for more than 4 layers. In addition, we agree with OPPO, ZTE, CMCC that we may also do not need to support all combinations for up to 4 layers. 

	InterDigital
	Proposal 7.1: OK for further study.
Proposal 7.2: Support, to at least allow all SRS port combinations up to 4 layers. Then, continue for further study on cases of more than 4 layers.

	Nokia, NSB
	Proposal 7.1: we would prefer “Use a single SRI field”. Other aspects can be for “study”.



	CATT
	FL Proposal 7.1: More discussion on whether antenna group indication is supported is needed.
FL Proposal 7.2: Support.

	NEC
	FL Proposal 7.1: fine with the proposal. For (c), we prefer separate field for antenna group indication.
FL Proposal 7.2: Support.

	MediaTek
	Proposal 7.1: OK to study
Proposal 7.2: Fine

	FL
	Thank you all for your constructive comments.

FL Proposal 7.1: For CB-based 8TX PUSCH transmission, 
· (a) For SRI indication, down-select from
· Use a single SRI field 
· Use two SRI fields 
· (b) For rank indication, down-select from
· Separate indication of TRI and TPMI
· Joint indication of TRI and TPMI 
· (c) Study antenna group indication, down-select from
· Separate indication of antenna group and TPMI
· Joint indication of antenna group and TPMI, e.g., implicitly by TPMI indication


FL Proposal 7.2: For NCB-based 8TX PUSCH transmission, 
· All SRS port combinations are supported for up to 4 layers 
· FFS whether all SRS port combinations or a subset to be used for more than 4 layers


	Apple
	P7.1 (a) we wonder why the need for two SRI fields. Not saying that we object to it, but would like to understand the use cases companies have in mind before agreeing to it.
P7.1 (b) fine
P7.1 (c) would be better to discuss after codebook design, but could also accept it if companies want to.

P7.2 we prefer the full flexibility. If we are looking into overhead reduction, we do not necessarily limit to >4 layers only. E.g. to support 4 layers out of 8 Tx, there are a lot of combinations.

	Lenovo
	For 7.1(a): Single SRI field should be the baseline and we can further study whether to support two SRI fields.
For 7.1(b): Support
For 7.1(c): Indication of antenna group can be discussed in the CB design.
For 7.2: Support

	NTT DOCOMO
	Our comment is the same as previous input.

	LG
	We are fine with the proposal in principle. For proposal 7.1, since we don’t have codebook design yet, this discussion can be postponed until the codebook design is finished or is achieved some level of completion. 





8. SRS CONFIGURATION
As indicated earlier, for SRS configuration to support non-codebook-based UL transmission by an 8TX UE, it is agreed to support a single SRS resource set configured with up to 8 single-port SRS resources. However, it was left for further study whether to support configuration of up to two, or four SRS resource sets, each configured with up to 4, or 2 single-port SRS resources, respectively. In this meeting, companies have expressed their views on this issue that are captured in Table 12.

Table 12 – Summary of companies’ views on SRS configuration for non-codebook-based UL transmission
	· [bookmark: _Hlk118889650]Configuration of up to two, or four SRS resource sets, each configured with up to 4, or 2 single-port SRS resources, respectively.
	Supported by: vivo, Ericsson, Qualcomm, Samsung, Xiaomi

	
	Not supported: NTT, Apple, CMCC, Spreadtrum, CATT, ZTE, OPPO



FL Conclusion 8.1: For SRS configuration supporting non-codebook-based UL transmission by an 8TX UE, configuration of up to two, or four SRS resource sets, each configured with up to 4, or 2 single-port SRS resources, respectively is not supported in Rel-18.

For SRS configuration supporting codebook -based UL transmission for an 8TX UE, it was agreed to support a single SRS resource set containing up to 2 of 8-port SRS resource(s). However, configuration of more than one SRS resource set and also configuration of at least one SRS resource set, configured with 8/M of M-port SRS resources, were left for further discussion. In this meeting, companies have expressed their views on this issue that are captured in Table 13.

Table 13 – Summary of companies’ views on SRS configuration for codebook-based UL transmission
	· Configuration of at least one SRS resource set, configured with more than one SRS resources where each SRS resource may have the same or different number of SRS ports, e.g., for support full power operation, if supported

	Supported by: 

	
	Not supported: ZTE, CATT

	· Configuration of at least one SRS resource set, configured with 8/M of M-port SRS resources (M=2, 4)
	Supported by: vivo, CATT, Lenovo, 

	
	Not supported: Huawei, ZTE, Spreadtrum, CMCC, Apple, NTT, CEWiT, OPPO



FL Conclusion 8.2: For SRS configuration supporting codebook-based UL transmission by an 8TX UE, configuration of at least one SRS resource set, configured with 8/M of M-port SRS resources (M=2, 4) is not supported in Rel-18.

Table 14 - Companies’ views for FL Conclusions 8.1 and 8.2
	Company 
	Views

	OPPO
	For conclusion 8.1 and 8.2 (it should be proposal instead of conclusion?), we think more companies think further enhancement on multiple resources for codebook and multiple resource sets for non-codebook are not needed. 

	Google
	Support

	LG
	8.1: Support
8.2: Support

	OPPO
	For conclusion 8.1 and 8.2 (it should be proposal instead of conclusion?), we think more companies think further enhancement on multiple resources for codebook and multiple resource sets for non-codebook are not needed. 

	ZTE
	@FL: Note that this section number is 8, so conclusions should be 8.1, and 8.2. 

We are fine with both of the conclusions.

	CMCC
	FL Conclusion 8.1: Support
FL Conclusion 8.2: Support

	Lenovo
	Re conclusion 8.1: Do not support.
As discussed in out contribution, there is a case that the UE can only transmit SRS in the last 6 symbols of a slot and only one SRS resource can be transmitted in a same RB. All the 8 OFDM symbols required for the SRS transmission are located in two different slots. At least for aperiodic SRS, two SRS resource sets should be supported.

Re conclusion 8.2: We prefer to support 8/M SRS resources for 8/M antenna groups. This will simplify the mapping of SRS resources to antenna groups and the legacy 2 or 4 ports SRS resource configuration can be reused. 

	Sharp
	Proposal 8.1: Support
Proposal 8.2: Support

	NTT DOCOMO
	8.1: Support
8.2: Support

	Spreadtrum
	Support

	Ericsson
	We do not support either 8.1 or 8.2 at this stage.
· Firstly, we think that the number of sets should be consistent between codebook and non-codebook.  If the antenna pattern flexibility of multiple sets is beneficial for non-codebook, it should be beneficial for codebook.
· We see a performance benefit that comes from power control when  multiple sets are supported (e.g. 10% mean throughput in R1-2211894), and so think two sets should be supported.
· FL proposal addresses multiple sets, however we understand that some companies that are not supportive of multiple sets are supportive of simultaneous transmission according to multiple SRS resources, which is closer to a multi-set design than a single 8 port based design with one set.
· STxMP already supports multiple SRS resource set based transmission, and so the STxMP mechanisms for multiple sets can be reused for 8 Tx, allowing more flexible UE configurations.


	QC
	Conclusion 8.1: although we think it beneficial to support 2/4 SRS resource sets for NCB based PUSCH, because different power control level can be used on different SRS resources sets, we can accept this conclusion. 

Conclusion 8.2: We support this conclusion. For CB based PUSCH, given the M SRS resources are in the same SRS resource set, there is no flexibility to configure different power level for them. Then the benefit of M SRS resources is not clear to us. 

	Xiaomi
	8.1: Support
8.2: ok , but needs further discussion.

	Intel
	FL Conclusion 8.1: Support
FL Conclusion 8.2: Support

	vivo
	We don’t support both proposals for time being, similar concern as Ericsson above.

	Huawei, HiSilicon
	For proposal 8.1, support the proposal.
For proposal 8.2, from our opinion, both X 8-port SRS resource and 2X 4-port SRS resources should be supported. Compared to the latter, the former has lower SRI overhead. However, the latter can obtain higher flexibility. Different resources for different port groups can be configured in FDM/TDM/CDM manner, which provides higher flexibility and suits the channel condition better.

	InterDigital
	We are okay with both conclusions.

	Nokia, NSB
	These two should be proposals, instead of conclusions.

Support. Unless there are clear benefits, further enhancement on multiple SRS resources for codebook or multi SRS resource sets for non-codebook are not needed.


	CATT
	FL Conclusion 8.1: Support
FL Conclusion 8.2: Not support. By combing multiple SRS resources to enable 8 SRS ports, the transmit power of each SRS port can be higher than that of 8-port SRS resource, it can be benefit for SRS coverage. 

	NEC
	Support the two conclusions.

	MedaiTek
	FL Conclusion 8.1: Support
FL Conclusion 8.2: Support

	FL
	
FL Conclusion 8.1: For SRS configuration supporting non-codebook-based UL transmission by an 8TX UE, there is no consensus in RAN1 to support configuration of up to two, or four SRS resource sets, each configured with up to 4, or 2 single-port SRS resources, respectively, is not supported in Rel-18.

FL Conclusion 8.2: For SRS configuration supporting codebook-based UL transmission by an 8TX UE, there is no consensus in RAN1 to support configuration of at least one SRS resource set, configured with 8/M of M-port SRS resources (M=2, 4) is not supported in Rel-18.


	KDDI
	FL Conclusion 8.1: Support
FL Conclusion 8.2: Not Support
For Conclusion 8.2, we think that using multiple SRS resources allows for more flexible SRS configuration. Multiple SRS resources can be used according to antenna groups of UEs. Also, multiplexing methods such as TDM/FDM/CDM can be applied to different port groups.

	Apple
	We support both conclusions.

	NTT DOCOMO
	Support the two conclusions.

	LG
	Support the two conclusions.

	Spreadtrum
	Support the two conclusions.





9. FEATURE-LEAD PROPOSALS FOR APPROVAL

9.1. ROUND1

Agreement
For a fully-coherent uplink precoding by an 8TX UE, 
 Support NR Rel-15 single panel DL Type I codebook as the starting point for design of the codebook
o FFS: For a constructed codebook with size M based on above method, unless ; otherwise, round up the codebook size to the smallest integer  by adding  precoders generated via Alt 2a. 
 No LS to RAN4 will be needed




9.2. ROUND2

FL Proposal 3.1: For PUSCH transmission with a partially coherent 8TX precoder when Ng=2, study the following precoding structure, where two indicated precoders from Rel-15 UL 4TX codebook are applied on their respective antenna groups.
1. FFS whether a joint or separate TPMIs are used for indication of the precoders
1. FFS whether a joint or separate SRS resource sets are used
1. For rank=1,2,3,4, 
2. FFS whether all ranks (layers) can be transmitted by one or both antenna groups
1. For rank>4, both antenna groups are used
3. FFS rank (layer) combinations and layer splitting between antenna groups
1. FFS selection of the precoding vectors for each rank for optimizing DCI payload.

FL Proposal 4.2: For PUSCH transmission with rank>4 by an 8TX UE, to support dual CW transmission, 
1. specify MCS, NDI, RV indication for the second CW
1. specify PUSCH Scrambling for the second CW
1. specify UCI multiplexing on PUSCH when second CW is enabled
1. study whether/how Enabling/Disabling the second CW
Note: Strive to reuse Rel-15 NR DL schemes where possible.
 
FL Proposal 4.3: For PUSCH transmission with rank>4 by an 8TX UE, to support UCI multiplexing on PUSCH, study the following options for down-selection,
1. Option1: UCI is always multiplexed on one of the CWs,
1. Option2: UCI is multiplexed on both CWs, 
1. Option3: Based on UCI (e.g., type, payload size, etc.) UCI is multiplexed on one or both CWs,
1. Option4: UCI is multiplexed only when single CW is enabled
1. Other options are not precluded
 
FL Proposal 4.4: For PUSCH transmission by a partially-coherent 8TX UE with rank>4, study
1. Whether for Ng=2 each CW is transmitted by a single antenna group 
1. Whether for Ng=4 each CW is transmitted by two antenna groups 

FL Proposal 5.1: To support full TX power uplink codebook-based transmission by a partially/non-coherent 8TX UE,
1. Reuse Rel-16 UE capability definitions for discussion purpose, i.e., UE Capability 1, 2 and 3
1. To support full TX power transmission by UE Capability 3, at least, target the following UE power per Tx chain:
17. Case 1: UE is equipped with two PAs rated at (PPowerClasss - 3) dBm
17. Case 2: UE is equipped with four PAs rated at (PPowerClasss - 6) dBm
17. Other cases of interest are not precluded
where PPowerClasss is according to the UE power class.
 
FL Proposal 5.2: For an 8TX partial/non-coherent UE, to support full power codebook-based PUSCH transmissions, use Rel-16 full power modes as the starting point for the design. 

FL Proposal 7.1: For CB-based 8TX PUSCH transmission, 
1. For rank indication, down-select from
18. Separate indication of TRI and TPMI
18. Joint indication of TRI and TPMI 
 
FL Proposal 7.2: For NCB-based 8TX PUSCH transmission, 
1. All A same number of SRS port combinations as Rel-15 NR are supported for up to 4 layers
1. FFS whether all SRS port combinations or a subset thereof to be used for more than 4 layers


9.3. ROUND3

TBD



10. LIST OF COMPANIES’ PROPOSALS
	Huawei, HiSilicon
	Proposal 1: For SRS configuration for CB based UL transmission for an 8TX UE, support 2 4-port SRS resources in one SRS resource set. 
Proposal 2: To reduce overhead of SRI for NCB PUSCH, reduce the flexibility of SRS resource selection.
Proposal 3: Fully coherent precoders with Ng=2 and Ng=4 should be supported. 
Proposal 4：Alt2-a should be supported for UL 8TX codebook.
Proposal 5：For UL 8TX partially/non-coherent antennas, support 
·  for rank <= 4, and
·  for rank >4,
where  and  are selected from partially/non coherent codewords of Rel-15 UL 4TX codebook.
Proposal 6: The beamformed CSI-RS should be considered to indicate UL precoders to UE.
Proposal 7: Confirm the WA that supporting dual CW for uplink transmission with rank>4.


	InterDigital, Inc.
	Proposal 1: Confirm the working assumption to support dual codeword when more than 4 layers, where it is applicable associated with considered UE types, coherency types, etc., based on UE capability.
Proposal 2: Consider UE to report its capabilities on the number of antenna groups, supported type of antenna/panel structure or virtualization capability across UE antenna ports, etc.
Proposal 3: Support Alt2-a (based on Rel-15 UL 2TX/4TX codebooks) as baseline, and consider Alt1-b only if use of Rel-15 DL Type 1 codebook for fully-coherent UEs leads to a significant gain in throughput and sufficiently more robust than Alt2-a at least in terms of unequal phase offsets across the antenna ports. 
Proposal 4: RAN1 studies determination of preferred basis vectors based on UE’s precoded SRS transmissions, where the gNB can signal preferred basis vectors, through SRI indication.
Proposal 5: To reduce signaling overhead associated to SRI/TPMI indication for a 8TX UE, RAN1 studies partial update of TPMI/SRI information for 8TX UE.
Proposal 6: Support to retain the full power transmission mode of operation with necessary enhancements to be also applicable for the new enhanced UL-MIMO transmission case supporting up to 8-Tx UL.


	ZTE
	Proposal 1: Support Ng=2, and Ng=4 for full coherent codebook design in addition to Ng=1.
Proposal 2: Regarding full-coherent codebook design for 8-Tx, 
· For full-coherent codebook with single port group, specify Alt 1-b (Rel-15 DL type I for single panel).
· For full-coherent codebook with multiple port groups, Alt 2-a (Rel-15 UL 4-Tx/2-Tx UL codebooks) is reused.
Proposal 3: Regarding full-coherent codebook design for 8-Tx based on NR Rel-15 DL type I,
· Oversampling value (O1/O2) can be higher for lower rank(s), e.g., 4 for rank=2 or 3, but 1 for other rank values. 
Proposal 4: Regarding partial-coherent codebook based on NR Rel-15 UL 4-Tx/2-Tx UL codebooks,
· Only full-coherent UL 4-Tx/2-Tx UL codebook is preferred instead of full+partial+non coherent UL 4-Tx/2-Tx UL codebooks
Proposal 5: Regarding partial-coherent codebook design, the following category (CAT-C2 in Table 1) should be considered:
· For 4 port groups case, each port group has 2 ports, and 4 ports among each 2 port groups (i.e., port group pair) are coherent, but ports across two group pairs are not coherent.
Proposal 6: Regarding non-coherent codebook design, the following aspects can be considered to reduce number of candidate non-coherent codebooks:
· Number of port groups
· Limited starting port index, e.g., depending on number of port groups
· A predefined port index order, e.g., (0,4,1,5,2,6,3,7)
Proposal 7: Regarding port index order,
· For Ng=2, select Alt 2: two coherent groups of {0,1,4,5} and {2,3,6,7} 
· For Ng=4, select Alt 1: four coherent groups of {0,4}, {1,5}, {2,6}, and {3,7} 
Proposal 8: Regarding codebook indication for 8-Tx, Option B should be adopted:
· Option B: Indication for # of port groups, and separate fields each indicating rank+TPMI for a port group
Proposal 9: Regarding overhead reduction for codebook indication for 8-Tx:
· Candidate set of Ngs which can be dynamically indicated in DCI can be configured by RRC signaling.
· E.g., for a UE supporting full-coherent 8-Tx ports, Ng=1, and Ng=2 can be configured by RRC, and DCI only needs to indicate the value of Ng from 1 and 2 for corresponding codebook selection.
Proposal 10: Regarding codebook-based SRS configuration,
· One SRS resource set is enough, i.e., no need to extend to more than one SRS resource set.
· One SRI in one SRS resource set indicating one SRS resource is enough, i.e., no need to support more than one SRI in one SRS resource set, or one SRI to indicate more than one SRS resource to combine 8 ports. 
Proposal 11: Regarding non codebook based transmission design for 8-Tx, with single SRS resource set configured with up to 8 single-port SRS ports
· Potential optimization for SRI re-design considering DCI overhead, e.g., 8 bits or less
· E.g., reduce the number of candidate SRS resource combination with “consecutive” number of SRS resources combination
Proposal 12: Regarding non-codebook-based SRS configuration,
· One SRS resource set is enough, i.e., no further extension for having more than one SRS resource set.
Proposal 13: Regarding 2 CWs, confirm the following working assumption made in RAN1#110b-e: 
· For uplink transmission with rank>4, support dual CW transmission.
Proposal 14: To support 2 CWs for UL 8-Tx transmission, the following aspects should be supported:
· Introduce new DCI field(s) in DCI format 0_1 and 0_2 to support 2 CWs, e.g., MCS, NDI, RV for second TB
Proposal 15: To support 2 CWs for UL 8-Tx transmission, the following aspects should be further studied:
· Scrambling, TB size and code rate determination, and UCI multiplexing
Proposal 16: Regarding PA architecture for Rel-18 UL Tx, support a new higher power class, i.e., 32 dBm.
· At least support 8 Tx each with 23dBm PA
· FFS: whether to support higher power PA for some Tx(s)
Proposal 17: Regarding full power mode for Rel-18 UL Tx, full power mode 2 is supported as a starting point. 


	vivo
	Proposal 1: Configuration of up to two SRS resource sets, each configured with up to 4, or 2 single-port SRS resources is supported. 
Proposal 2: Support using bitmap to indicate SRI when number of configured SRS resources in a set is larger than 4 and the configured max rank is larger than certain value. 
Proposal 3: Support indicating 2 SRI fields in DCI, which jointly indicates transmission rank. Further study whether/how to split number of layers between two SRI fields. 
Proposal 4: For 8Tx UE, support SRS configuration of an SRS resource set, configured with at least 2 of 4-port SRS resources. 
Proposal 5: Support TPMI indication using bitmap when configured max rank is higher than a certain value, e.g. 4 
Proposal 6: Support indicating 8Tx non-coherent precoder by 2 TPMI fields in DCI, further study how to select one of the 2 TPMI fields, e.g. for rank=1 transmission 
Proposal 7: Support antenna port grouping as {0, 2, 1, 3} and {4, 6, 5, 7}, legacy 4Tx precoders can be applied directly where antenna group {4, 5, 6, 7} corresponds to precoder elements {0, 1, 2, 3}. 
Proposal 8: Codebook constructed by two 4Tx precoders indicated by two TPMI fields is supported for partial-coherent UEs, one codebook can support antenna structure with Ng=2 and Ng=4. 
Proposal 9: Support indicating one of the 2 TPMI fields, especially for rank=1 transmission, in DCI. Discuss further on mechanisms to reduce overhead 
Proposal 10: Confirmation of the working assumption on two codewords for rank>4 should be carefully decided considering potential specification impact and performance gains provided. 
Proposal 11: further study how to multiplex UCI if 2 CWs for rank>4 is supported 
Proposal 12: Consider the following full power enhancement for CPE/FWA 8 Tx operation. 1. Depending on UE capability, UL full-power mode0 is supported. 
· Depending on UE capability, UL full-power mode1 can be supported by introducing non-antenna selection matrices, especially for lower rank 
· Depending on UE capability, further discuss UL full-power mode2 for partial and non-coherent UEs a) For partial-coherent codebook, take Ng values {2, 4} into account for full-power precoders grouping 
Proposal 13: Discuss potential UE capabilities/features after the overall design becomes clear. 
Proposal 14: Further discuss PTRS-DMRS association indication when rank>4, if supported 


	Google
	Proposal 1: Support Ng=2 and Ng=4 for full coherent precoders.
Proposal 2: RAN1 should have a general assumption on the random fixed phase offset prior to making the decision on codebook design.
Proposal 3: Support to define the 8Tx full-coherent codebook with the LTE DL 4Tx codebook as the starting point.
Proposal 4: Support up to 1 PT-RS port for 8Tx transmission. 
Proposal 5: The 8Tx should at least support the following two cases on uplink full power transmission:
· Case 1: UE is not able to support full power transmission for any non-coherent/partial-coherent precoder based PUSCH
· Case 2: UE is able to support full power transmission for any non-coherent/partial-coherent precoder based PUSCH


	CATT
	Proposal 1: For UL 8Tx with DFT-s-OFDM, precoding matrices in Table 1 are adopted for non-coherent codebook.
Proposal 2: For UL 8Tx operation, whether all or a subset of port selection precoding matrices are supported for non-coherent codebook is considered.
Proposal 3: For UL 8Tx operation, if only a subset of port selection precoding matrices are supported for non-coherent codebook, all port selection precoding matrices for low ranks(e.g. for rank=1,2) are kept, and down selection of precoding matrices for high ranks(e.g. for rank>2) are considered.
Proposal 4: For UL 8Tx operation, a subset or all of precoding matrices in non-coherent codebook included in partial-coherent codebook and full-coherent codebook is considered.
Proposal 5: For UL 8Tx partial-coherent UEs, the codebook can be generated based on NR Rel-15 UL 2TX/4TX codebooks, with the following two schemes considered:
· Alt 1: A codebook with the following structures:
· For rank = 1, , and ;
· For rank = 2/3/4, , , and ; 
· For rank > 4, ; 
· For partial-coherent precoders with Ng = 2(i.e. two coherent groups), , and are 4Tx precoders selected from full coherent precoders in Rel-15 UL 4Tx codebook, 
· For partial-coherent precoders with Ng = 4(i.e. four coherent groups), , and are 4Tx precoders selected from partial-coherent precoders in Rel-15 UL 4Tx codebook, 
· Alt 2: A codebook with the following structures:
· For rank4, ；
· For rank> 4, ;
· For partial-coherent precoders with Ng = 2(i.e. two coherent groups), , , , , and are 4Tx precoders selected from partial-coherent precoders in Rel-15 UL 4Tx codebook, 
· For partial-coherent precoders with Ng = 4(i.e. four coherent groups), , , , , and are 4Tx precoders selected from non-coherent precoders in Rel-15 UL 4Tx codebook.
Proposal 1: For UL 8Tx partial-coherent codebook, the port coherency scheme can be determined according to the design of partial-coherent codebook, e.g., 
· For Alt 1 in proposal 5, the following port coherency schemes are adopted:
· Two coherent groups of {0,1,2,3} and {4,5,6,7}
· Four coherent groups of {0,2}, {1,3}, {4,6}, and {5,7}
· For Alt 2 in proposal 5, the following port coherency schemes are adopted:
· Two coherent groups of {0,2,4,6} and {1,3,5,7}
· Four coherent groups of {0,4}, {1,5}, {2,6}, and {3,7}
Proposal 2: For codebook design for UL 8Tx full-coherent UEs with Ng=1, at least Alt1-b is supported.
Proposal 8: For UL 8Tx full-coherent UEs with 2 antenna groups, design of the UL 8Tx full-coherent codebook based on NR Rel-15 DL Type I MP codebook is considered.
Proposal 9: For 8 ports SRS for codebook based PUSCH transmission, enabling 8 ports by combing SRS ports in multiple SRS resources is supported.
Proposal 10: For codebook based 8Tx PUSCH transmission, only one SRI field is used for SRS resource indication.
Proposal 11: For codebook based PUSCH transmission with 8-port SRS resource(s) configured, using the same SRI indication scheme as that in Rel-17.
Proposal 12: For TPMI indication for codebook based 8Tx PUSCH, down select one of the following:
· Alt 1: The same TPMI indication framework as that in Rel-17 is supported, i.e., one TPMI field indicating one TPMI and TRI;
· Alt 2: A new TPMI indication framework is supported.
Proposal 13: For SRS configuration for non-codebook based 8Tx PUSCH, except for M-TRP transmission schemes, configuring multiple SRS resource sets is not supported.
Proposal 14: On SRI indication for non-codebook based 8Tx PUSCH, same framework as that in Rel-17 is used, i.e., one SRI field is used to indicate SRS resource(s) from the SRS resource set.
Proposal 15: Confirm the following working assumption:
· For uplink transmission with rank>4, support dual CW transmission.
Proposal 16: On support of full power operation for UL 8Tx, at least the full power transmission scheme with scaling factor s=1 for all precoders is supported.


	Spreadtrum Communications
	Proposal 1: For 8TX UE codebook-based uplink transmission, 
· Support Alt2-a for codebook design for full coherent UE.
· Support full coherent precoders with Ng=2, Ng=4.
Proposal 2: For port indexing of codebook design of an 8TX partial-coherent UE
· Prefer Alt 2, two coherent groups of {0,1,4,5} and {2,3,6,7} when Ng=2
· Prefer Alt 1, four coherent groups of {0,4}, {1,5}, {2,6}, and {3,7} when Ng=4
Proposal 3: Confirm the working assumption: for uplink transmission with rank>4, support dual CW transmission.
Proposal 4: Don’t support more than one SRS resource sets configuration for non-codebook-based UL transmission by an 8TX UE.
Proposal 5: Don’t support SRS resource set configuration with 2-port or 4-port SRS resources for codebook-based UL transmission for an 8TX UE.
Proposal 6: Support a single SRI field for non-codebook  and codebook based UL transmission by an 8TX UE.
Proposal 7: Single filed or separate fields for TPMI for codebook-based transmission should be decided after codebook design is stable.


	Lenovo
	Proposal 1: Use antenna grouping to represent different UL Tx coherence assumptions, with the following conditions
· Antennas within an antenna group are coherent.
· Antennas within an antenna group are uniformly spaced.
· Antenna configurations of different antenna groups are identical
· Coherence assumptions of two antennas across two antenna groups are the same
Proposal 2: A number of antenna coherence groups Nc is used to characterize the coherence assumption across Ng antenna groups, where Nc is the number of antenna groups in which all antennas of the antenna groups are coherent, and  Nc≤Ng
Proposal 3: Support fully-coherent precoders with Ng=1,2,4
Proposal 4: For coherence-based antenna grouping under partial-coherent UEs:
· Nc=2: Support Alt-2, i.e.,: two coherent groups of {0,1,4,5} and {2,3,6,7}
· Nc=4: Support Alt-1, i.e.,: four coherent groups of {0,4}, {1,5}, {2,6}, and {3,7}
Proposal 5: Prioritize full coherence and partial coherent capable UE for 8Tx UL operation
Proposal 6: 8Tx partial-coherent codebook can be contructed by the following methods:
· For rank 1, the 8Tx codebook can be obtained by indicating a rank 1 2Tx or 4Tx precoding matrix and antenna group, and apply the 2Tx/4Tx precoding matrix to the antennas from the selected antenna group.
· For rank 2, 3, 4 with Ng=2, 8Tx codebook can be obtained by indicating a rank 2, 3, 4  4Tx precoding matrix and assigning the precoding vectors to two antenna groups.
· For rank 2, 3, 4 with Ng=4, 8Tx codebook can be obtained by indicating 2 or 3 or 4 antenna groups and indicating a 2Tx rank 1 precoding matrix for each antenna group.
· For rank>4 with Ng=2, two CWs shall be scheduled and each CW is transmitted by an antenna group by indicating a 4Tx precoding matrix.
· For rank>4 with Ng=4, two CW shall be scheduled and each CW is transmitted by two antenna groups by indicating a 4Tx partial/non-coherent 4Tx precoding matrix
Proposal 7: Adopt Alt1-b for 8Tx fully-coherent codebook design.
Proposal 8: Study mechanism to indicate paramters for a UE to obtain a full coherent precoding matrix. Use mode 1 of Rel-15 DL Type 1 codebook as a baseline.
Proposal 9: TPMI signaling overhead is considered as a performance metric when studying different alternatives for 8Tx UL codebook design
Proposal 10: Introduce bitmap based TPMI indication for non-coherent 8Tx UE.
Proposal 11: Confirm the working assumption to support dual codeword transmission for Rank >4.
Proposal 12: Study UCI multiplexing in PUSCH scheduled with 2 codewords.
Proposal 13: Introduce bitmap based SRI indication for non-codebook based 8Tx PUSCH transmission.
Proposal 14: For an antenna configuration with Ng=8/M antenna groups, an SRS resource set with at least 8/M of M-port SRS resources is configured.
Proposal 15: SRS resources configured within a same SRS resource set have the same number of SRS ports.
Proposal 16: For CB PUSCH scheduling, each SRI field codepoint is mapped to multiple SRS resources which are used for all 8 antenna ports sounding.
Proposal 17: Study the performance benefits, signaling overhead and specification impact of supporting frequency-selective precoding for 8Tx UE


	xiaomi
	Proposal 1: Confirm the Working Assumption.
Proposal 2: For better scheduling flexibility, support configuration of up to 2 or 4 SRS resource sets, each configured with up to 4 or 2 single-port SRS resources.
Proposal 3: For non-codebook based PUSCH transmission with 8Tx, SRI indicated by bitmap corresponding to all SRS resources configured (option2 and option4) are preferred for the simplicity without any effort on the design of new SRI tables.
Proposal 4: For Rel-18 UL 8Tx fully-coherent codebook, considering to support the Rel-15 DL Type I 8Tx codebook with reduced oversampling factors (N1,N2,O1,O2) = (4,1,2,1) and (2,2,2,2).
Proposal 5: For Rel-18 UL 8Tx fully-coherent codebook, when the number of ranks is , concentrating two Rel-15 UL 4Tx fully-coherent codewords with a co-phasing factor  can be adopted as .
Proposal 6: For Rel-18 UL 8Tx fully-coherent codebook, when the number of ranks is , concentrating four Rel-15 UL 4Tx fully-coherent codewords with a co-phasing factor  can be adopted as the following options:
· Option 1: .
· Option 2: .
· Option 3: .
Proposal 7: To strive to a unified solution, for Rel-18 UL 8Tx fully-coherent codebook, concentrating four Rel-15 UL 4Tx fully-coherent codewords with a co-phasing factor  and the column selection can be adopted as:
· Option 4: L columns of .
Proposal 8: To make a trade-off between performance and signalling overhead, the subset of the Rel-15 DL Type I codebook with reduced oversampling factors or Rel-15 UL 4Tx/2Tx codebook based approach can be used for Rel-18 UL 8Tx fully-coherent codebook. The subset selection can be based on CSI estimation, SVD algorithm, and etc. A group of high-probability codewords with the same beam (i1) and/or co-phasing factor (i2) can be selected if Rel-15 DL Type I codebook is adopted.
Proposal 9: The codewords with QPSK constellation entries can be selected with high priority to reduce the computational complexity of the hardware implementation by replacing the complex-number multiplication operations with the addition operations.
Proposal 10: Support Alt2a for Rel-18 UL 8Tx codebook, i.e., study NR Rel-15 UL 4Tx/2Tx codebook as a starting point for design of the codebook for fully-coherent UEs.
Proposal 11: The antenna ports can be divided into two or four antenna port groups for 8Tx partially-coherent UE. For two antenna port groups, the antenna ports can be divided into {0,1,4,5} and {2,3,6,7}, i.e., support Alt2 for Ng=2. For four antenna port groups, the antenna ports can be divided into {0,4}, {1,5}, {2,6}, and {3,7}, i.e., support Alt1 for Ng=4.
Proposal 12: For Rel-18 UL 8Tx partially-coherent codebook with two antenna port groups, concentrating two Rel-15 UL 4Tx fully-coherent codewords with a co-phasing factor  can be adopted as the following options:
· Option 1: .
· Option 2:.
· Option 3: L columns of .
Proposal 13: For Rel-18 UL 8Tx partially-coherent codebook with two antenna port groups, concentrating four Rel-15 UL 4Tx 4 ranks partially-coherent codewords with a co-phasing factor  can be adopted as:
· Option 4: L columns of .
Proposal 14: For Rel-18 UL 8Tx partially-coherent codebook with four antenna port groups, concentrating four Rel-15 UL 2Tx fully-coherent codewords or concentrating two Rel-15 UL 4Tx partially-coherent codewords with co-phasing factor  can be adopted as the following options:
· Option 1: 
· Option 2: L columns of .
Proposal 15: Row/Column-interleaving operation can be used for Rel-18 UL 8Tx partially-coherent codewords to satisfy different port coherency schemes.
Proposal 16: Antenna selection vectors/matrixes can be used for the Rel-18 UL 8Tx non-coherent codebook. Considering the signalling overhead, all antenna selection vectors/matrixes can be used for rank≤X while the subset can be selected for rank>X. The value of X can be left for further study, e.g., L=2.
Proposal 17: To obtain a unified solution, arbitrary L columns of  can be selected as the Rel-18 UL 8Tx non-coherent codebook where .
Proposal 18: Considering the signaling overhead, when using legacy rule, the bit width for Rel-18 UL 8Tx codebook can be set as 6, 7, or at most 8 bits.
Proposal 19: The novel precoding matrix indication schemes different from the legacy rule can be studied to indicate the Rel-18 UL 8Tx codebook.


	Intel Corporation
	Proposal 1: For full coherent precoders with 8Tx, support to introduce UE capability on whether Alt 1-b or Alt 2-a is used.
Proposal 2: For Type I codebook, RAN1 to discuss the oversampling factor values to be used.
Proposal 3: For partial coherent UE with 8Tx, the number of antenna groups should be reported.
Proposal 4:For partial coherent UE with 8Tx, at least support the following coherent ports:
· For Ng=2, two coherent groups of {0,2,4,6} and {1,3,5,7}.
· For Ng=4, four coherent groups of {0, 2}, {4, 6}, {1, 3} and {5, 7}.
Proposal 5: For partial coherent/non-coherent precoders with 8Tx, support the precoders generated by Kronecker product of Rel-15 UL 2Tx and 4Tx precoders.
Proposal 6: RAN1 to discuss the codebook subset configuration, i.e., whether the Rel-15 principle should be followed.
Proposal 7: RAN1 to further discuss the TPMI indication for 8Tx UL, e.g., TPMI field(s) enhancement, considering the codebook design for UE coherence and the codebook subset configuration.
Proposal 8: RAN1 to confirm the working assumption on dual codewords for PUSCH transmission with rank>4.
Proposal 9: For two codewords, RAN1 to consider different MCS/RV/NDI field for different codeword.
Proposal 10: RAN1 to discuss the switching between single codeword and two codewords operation. The switching could be based on the indicated rank value.
Proposal 11: RAN1 to discuss the UCI multiplexing when two codewords are used. It is preferred that the UCI is multiplexed with only one codeword for simplicity, e.g., the first codeword.
Proposal 12: For full power operation with 8Tx, RAN1 to consider the UE PA architecture where each PA can deliver full power as starting point.
Proposal 13: For non-codebook based transmission, joint encoding of SRI and RI is preferred for overhead reduction.



	OPPO
	Proposal 1: Support Alt1-b for uplink 8Tx coherent codebook without additional UE capability. 
Proposal 2: For when Ng=2, support two coherent groups of {0,1,4,5} and {2,3,6,7}; For Ng=4, support four coherent groups of {0,4}, {1,5}, {2,6}, and {3,7}.
Proposal 3: Consider separate indication of TRI and TPMI if two-stage codebook is agreed for 8 Tx uplink.
Proposal 4: Multiple SRS resource sets for CB or NCB based 8-port transmission is not needed. 
Proposal 5: one SRI/RI/TPMI indication is sufficient for uplink codebook based 8-port transmission.
Proposal 6: Use single SRI to indicate up to 8 SRS resources for non-codebook uplink transmission. Two solutions can be considered for SRI overhead reduction:
· Opt.1: Introduce SRI indication to select 5-8 SRS resources from a SRS resource set for Lmax=5-8, where the legacy indication is reused for 1-4 layers. 
· For overhead reduction, it may not be necessary to support all the SRS resource combinations for rank>4. 
· Separate tables are introduced for Lmax=5-8 similar to Rel-15. 
· Opt.2: New tables are introduced to support 8Tx non-codebook transmission with 1-8 layers
· The legacy indication for 1-4 layers can be re-designed for lower overhead.
· For rank M, consider to only indicate the first M SRS resources from SRS resource set. 
· Separate tables are introduced for Lmax=1-8 similar to Rel-15.


	CMCC
	Proposal 1: Support Alt1-b: NR Rel-15 DL Type I codebook as the starting point for design of the codebook for 8TX fully-coherent UE.
Proposal 2: For full coherent precoders based on Rel-15 DL Type I single-panel codebook, the supported configurations of (Ng, N1, N2) can be (Ng=1, N1=2, N2=2) and (Ng=1, N1=4, N2=1) with cross polarization.
Proposal 3: Since only wideband based PUSCH transmission is supported, the polarization co-phasing parameter i2 for type I single panel codebook is not needed for UL codebook design.
Proposal 4: For codebook design of an 8TX partial-coherent UE, when Ng=2, support Alt 2: two coherent groups of {0,1,4,5} and {2,3,6,7}, when Ng=4, support Alt 1: four coherent groups of {0,4}, {1,5}, {2,6}, and {3,7}.
Proposal 5: For codebook design of an 8TX partial-coherent UE, legacy codebook  and phase offset  are indicated to UE for generating 8 TX codebook .
Proposal 6: For codebook design of an 8TX partial-coherent UE, legacy codebook and phase offset could indicate both partial-coherent and non-coherent codebooks for partially-coherent UE. 
Proposal 7: For codebook design of an 8TX partial-coherent UE, the phase offset equals to 0 could support to indicate the codebook of antenna groups selection.
Proposal 8: Support joint indication of rank and precoding information, where RI is the total number of transmission layers from different antenna groups.
Proposal 9: SRI field in Rel-15 can be reused for codebook based 8 TX UL transmission, when only one SRS resource is configured, the SRI field in DCI is absent, when two SRS resources are configured, 1 bit of SRI field in DCI is reused to indicate the selected SRS resource.
Proposal 10: Not need to configure one SRS resource set with 8/M of M-port SRS resources
Proposal 11: Not need to configure up to two, or four SRS resource sets for ‘non-codebook’.
Proposal 12: 8 single-port SRS resources are divided into multiple groups to reduce SRI overhead for non-codebook based UL transmission.
Proposal 13: Confirm the working assumption: For uplink transmission with rank>4, support dual CW transmission.
Proposal 14: For uplink transmission with rank>4, enable 2 CWs with individual MCS, RV and NDI for 8 TX UL transmission.
Proposal 15: Four kinds of typical PA architecture can be considered, including full rated PAs on each Tx chain, 2 out of 8 PAs can achieve full power transmission, 4 out of 8 PAs can achieve full power transmission, and 8 PAs can achieve full power transmission.


	Apple
	Proposal 1: For the support of 8 Tx UL with codebook based transmission scheme, UE reports:
· Whether it supports full coherent, partial coherent, or non-coherent codebook.
· For a UE supporting a full-coherent or partial coherent codebook, it further reports the antenna layout.
· For a UE supporting full-coherent codebook, it reports whether it supports the codebook corresponding to (2, 2, 2) or (4, 1, 2) layout.
· Note that whether the layout is considered as (4, 1, 2) or (1, 4, 2) is not critical for the UE, because the UE may rotate the direction.
· For a UE supporting partial-coherent codebook, it reports whether it supports 2 or 4 antenna groups.
Proposal 2: For codebook based transmission scheme with 8Tx UL, do not support the configuration of multiple SRS resources with a total of 8 ports.
Proposal 3: For full coherent codebook design,
· 1st preference: down-select between using NR Rel-15 DL Type I codebook and using NR Rel-15 UL 2TX/4TX codebooks as the starting point based on performance evaluation with phase calibration error
· 2nd preference: define two UE capabilities, one to support codebook design based on NR Rel-15 DL Type I codebook, and the other to support codebook design based on NR Rel-15 UL 2TX/4TX codebooks
Proposal 4: For partial coherent codebook design, each antenna group is indicated with a NR Rel-15 UL 2TX/4TX precoder, with separate TPMI provided in the DCI.
Proposal 5: For non-coherent codebook design, TPMI indication reuses the mechanism for SRI for non-codebook based transmission, which requires up to 8 bits.
Proposal 6: For full power transmission, advanced UEs similar to a UE that supports ul-FullPwrMode-r16 in Rel-16 (with all full-rated PAs) should be assumed to simplify the design. 
Proposal 7: For non-codebook based transmission scheme with 8Tx UL, do not support 2 or 4 SRS resource sets, each configured with up to 4 or 2 single-port SRS resources, respectively.
Proposal 8: For non-codebook based transmission scheme with 8Tx UL, the existing SRI indication mechanism is extended to support up to 8 layers. 


	LG Electronics
	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. 
· Phase offset values can be assumed uniformly distributed over [-φ, φ], where φ can take 0, 45, 90, 135 and 180 degrees
· The same value of phase offset is applied to SRS and PUSCH channels.
· RAN1 considers a similar codebook size for the evaluations.
Proposal 2: Support only one fully coherent TPMIs (e.g., either Alt1-b or Alt2-a).
Proposal 3: Support two-level partial coherency for codebook based 8Tx UL transmission. 
· Level-1: 2-group 4Tx coherency (Ng=2) 
· Coherency PUSCH port groups consist of {1000, 1001, 1004, 1005} and {1002, 1003, 1006, 1007}. 
· Level-2: 4-group 2Tx coherency (Ng=4) 
· Coherency PUSCH port groups consist of {1000, 1004}, {1001, 1005}, {1002, 1006}, and {1003, 1007}.
Proposal 4: Support full coherent precoders with Ng=2, Ng=4, and consider common UL codebook for all potential antenna layouts. 
Proposal 5: For non and partial coherent TPMIs, support Table 1,2 and 3.  
Proposal 6: Rank-1 uplink codebook for DFT-s-OFDM is supported in 8 Tx UE. 
Proposal 7: Consider following three UE capabilities as a starting point of discussion.
· UE capability 1: for the UE to support full Tx power in UL transmission, full rated PAs on each Tx chain is supported 
· UE capability 2: for the UE to support full Tx power in UL transmission, no Tx chain is assumed to deliver full power 
· UE capability 3: for the UE to support full Tx power in UL transmission, subset of Tx chains with full rated PAs is supported
Proposal 8: For SRS configuration of non-codebook based UL, support bit-map based indication. 
Proposal 9: Consider following alternatives for overhead reduction for 8Tx codebook based UL transmission. 
· Alt1. Legacy TRI and TPMI indication, i.e. joint encoding in one field. 
· Alt2. Codebook sub sampling
· Alt3. Hierarchical indication (e.g., MAC-CE + DCI)


	Sharp
	Proposal 1: We should clarify the definition of Ng. 
Proposal 2: Support the option 2; the correspondence between Ng and each coherent type for codebooksubset as follow alternatives.
· Option1: Antenna groups are NOT coherent with other antenna groups
· Full coherent:		Ng=1
· 4ports partial coherent:	Ng=2
· 2ports partial coherent:	Ng=4
· (Non coherent:		Ng=8)
· Option2: Antenna groups are coherent with other antenna group
· Full coherent:		Ng=1,2,4
· 4ports partial coherent:	Ng=2,4
· 2ports partial coherent:	Ng=4
· (Non coherent:		Ng=8)
Proposal 3: For fully-coherent precoding, we support NR Rel-15 DL Type I codebook as the starting point for design of codebook.
Proposal 4: For fully-coherent precoding, support of both NR Rel-15 DL Type I codebook and NR Rel-15 UL 2TX/4TX codebooks should be discussed.
Proposal 5: Support the following codebook for fully-coherent precoding.
· Option1: Ng=1 corresponds to fully-coherent
· Ng=1: DL Type I codebook
· Option2: Ng=1,2,4 correspond to fully-coherent
· Ng=1: DL Type I codebook
· Ng=2: UL 4TX codebooks
· Ng=4: UL 2TX codebooks
Proposal 6: Support 1CW with rank<=4 and 2CW with rank>4.
Proposal 7: Support oversampling ratio (O1, O2) = (1,1) for DL Type I codebook.
Proposal 8: For more than 4(Ng=2) and 2(Ng=4) layer, the following codebook combinations should be supported.


Proposal 9: If UL codebooks are supported for fully-coherent, 8TX codebook should consist of 2TX/4Tx codebooks and phase control factor between antenna groups.
Proposal 10: If UL codebooks are supported for fully-coherent, UE should provide information to determine the phase differences between antenna groups (e.g., distance between antenna groups)
Proposal 11: The following port coherency scheme should be supported.
· Ng=2: Alt2 two coherent groups of {0,1,4,5} and {2,3,6,7}
· Ng=4: Alt1 four coherent groups of {0,4}, {1,5}, {2,6}, and {3,7}
Proposal 12: TPMI indication table should be separated according to the number of antenna group for 8Tx transmission.
Proposal 13: In case of Ng=2,4, TPMI index should be indicated from a table including only TPMIs associated with fully coherent as follows.
· Ng=2 (supporting 4TX fully coherent)
· 1layer: TPMI=12~27
· 2layer: TPMI=14~21
· 3layer: TPMI=3~6
· 4layer: TPMI=3,4
· Ng=4 (supporting 2TX fully coherent)
· 1layer: TPMI=0~3
· 2layer: TPMI=5,6
Proposal 14: Both 1st TPMI field and 2nd TPMI field should be used for 8TX TPMI indication.


	Ericsson
	Proposal 1: Restrict codebooks for 8 TX UEs such that elements of the precoding matrices are limited to the set {+1, +j, -1, -j}. This implies that (O1, O2) = (1,1) for Ng = 1 and (N1, N2) = (4, 1), and that (O1, O2) = (2, 2) for Ng = 1 and (N1, N2) = (2, 2).
Proposal 2: 8 Tx codebooks support coherent combining of 8 ports in an SRS resource using precoders based on the Rel-15 DL Type I codebook.
Proposal 3: Consider further if and how to address performance losses due to calibration errors.
Proposal 4: For Ng=2, support two coherent groups of {0, 1, 4, 5} and {2, 3, 6, 7}. For Ng=4, support four coherent groups of {0, 4}, {1, 5}, {2, 6}, and {3, 7}.
Proposal 5: 8 Tx UEs with at least PA powers per Tx chain of [0 0 0 0 0 0 0 0], [0 -3 -6 -6 -9 -9 -9 -9], and [-9 -9 -9 -9 -9 -9 -9 -9] dB relative to their power class are considered when designing Rel-18 full power UL MIMO operation
Proposal 6: MCS, NDI, and RV are indicated independently for each codeword in one PDCCH, and their size does not vary according to the codeword.
Proposal 7: If multi-SRS resource set operation is defined, it is defined for both CB-based and NCB-based operation.
Proposal 8: Both single and dual SRS resource set configurations are supported for Rel-18 NCB-based operation.
Proposal 9: A PDCCH can carry one or more SRIs for SRS resources in different sets, where UEs transmit a portion of layers according to each SRI that corresponds to at most 4 single port SRS resources, and support indication of up to 8 single port SRS resources in one set
Proposal 10: A PDCCH can indicate one or multiple precoders and SRS resources in different sets, where UEs transmit a portion of layers according to each Rel-15 precoder that corresponds to an indicated SRS resource with 4 ports or less, and support indication of an 8-port coherent precoder corresponding to one 8-port SRS resource


	NTT DOCOMO, INC.
	Proposal 1: Confirm the working assumption to support dual CW for uplink transmission with rank>4.
Proposal 2: Support DCI enhancement with codeword-specific indications of MCS, NDI, and RV for DCI format 0_1/0_2.
· Support to study whether to multiplex UCI on one CW only or two CWs in case of UCI on PUSCH.
Proposal 3: For fully-coherent precoders, our first preference to down select to one alternative only; as second preference, we can also support both Alt1-b and Alt2-a with UE capabilities.
Proposal 4: Support to discuss codebooksubset configuration mechanism before TPMI/RI indication method.
· Similar as legacy, fully-coherent UEs can be configured with 'fullyAndPartialAndNonCoherent' codebook subset; partially-coherent UEs can be configured with 'partialAndNonCoherent' codebook subset.
Proposal 5: Support to discuss PA architectures with full-rated PA for each antenna port and full-rated PA for partial antenna ports.
Proposal 6: For port indexing, slightly prefer Alt2 for Ng=2 and Alt1 for Ng=4.
Proposal 7: For SRS configuration for codebook based UL transmission for an 8TX UE, do not support other configurations with 8/M of M-port SRS resources (M=2 or 4).
· For SRS configuration for non-codebook based UL transmission for an 8TX UE, do not support other configurations with two or four SRS resource sets. 


	Samsung
	Proposal 1: support a single unified 8Tx codebook structure for different coherence types (i.e. FC, PC, and NC) based on antenna groups
· Antennae within a group are coherent, and antennae across multiple groups are non-coherent
· Do not support full coherent preocoders with 
· FC/PC precoders: comprises two components 
· selection of antenna group(s), where a group comprises 2, 4, or 8 antennae (number of groups  )
· precoder across the selected antenna group(s)
· NC precoders: selection of antenna group(s), where group comprises single antenna (number of groups )

Proposal 2: regarding the 8Tx UL codebook, 
· support Alt1-b 
· reuse DL Type I codebook parameters () to describe/configure 8Tx UL codebook
· FC: 
· PC: 
· NC: 

Proposal 3: support the following mechanisms to reduce TPMI payload
· Mechanism 1: based on codebook parameter
·  
· Lower oversampling factors:  for  and  
· Mechanism 2: based on efficient signalling for the indication of (A) antenna group(s), and (B) UL precoding matrix, e.g. two separate indicators, e.g. SRI for (A) and TPMI for (B)

Proposal 4: support the following port numbering for partial coherent UEs, 
· : support Alt3 (two coherent groups of {0,1,2,3} and {4,5,6,7})
· : support Alt2 (four coherent groups of {0,1}, {2,3}, {4,5}, and {6,7})

Proposal 5: Study the following regarding partial coherent precoders with 
· Codebook alternatives
· Alt1: based on UL 4Tx codebook
· Alt2: based on UL 2Tx codebook
· Alt3: based on both UL 2Tx and 4Tx codebook
· Distribution of layers across groups (e.g. one subset of layers from one a group, and another subset of layers for another group)
· Additional components (e.g. co-phase if UL 2Tx codebook is used for )
· Whether precoders for  are included as precoders for 

Proposal 6: Discussion on full power modes can start after the 8Tx codebook design is sufficiently mature

Proposal 7: regarding 8Tx NCB based UL transmission,
· Number of SRS resource sets: support two SRS resource sets in addition to one SRS resource set
· When , the SRI indication follows legacy (Rel.15) scheme (i.e. based on combinatorial tables), and 
· When , the SRI indication is based on a length- bitmap

Proposal 8: for STx2P, support both 
· Case 1 (1 PUSCH): one SRI indicating a pair of SRS resources (e.g. STx2P to sTRP)
· Case 2 (2 PUSCHs): two SRIs, each indicating a SRS resource for a TRP (e.g. STx2P to mTRP)

Proposal 9: confirm the working assumption on supporting 2 CWs for >4 layers


	Qualcomm Incorporated
	Proposal 1: For 8 Tx PUSCH in Rel-18, Ng=2, 4 are not applicable to fully coherent 8 Tx. 
Proposal 2: 8 Tx UL codebooks reuse entries from QPSK constellation, without introducing constellation higher than QPSK. 
Proposal 3: Construct 8 Tx PUSCH fully coherent precoders codebook with a subset of precoders generated with Alt 1b and the rest of precoders generated with Alt 2a. 
Proposal 4: Following Error! Reference source not found. and Error! Reference source not found., NR Rel-18 concatenate existing Rel-15 4 Tx or 2 Tx PUSCH precoders to support 8 Tx PUSCH precoders with partial coherent or noncoherent 8 Tx.  
· FFS how to reduce the size of the codebook. 
Proposal 5: Following Error! Reference source not found. and Error! Reference source not found., a single TPMI is used to signal the precoder index for partial coherent and noncoherent 8 Tx PUSCH.
Proposal 6: For codebook design of an 8TX partial-coherent UE, configured with an 8-port SRS resource
· For when Ng=2, the following convention for assumption of port coherency scheme is used
· Alt 3: two coherent groups of {0,1,2,3} and {4,5,6,7}  
· For when Ng=4, the following convention for assumption of port coherency scheme is used
· Alt 2: four coherent groups of {0,1}, {2,3}, {4,5}, and {6,7}
Proposal 7: For SRS configuration for non-codebook UL transmission for an 8TX UE, further support configuration of up to two, or four SRS resource sets, each configured with up to 4, or 2 single-port SRS resources, respectively.
Proposal 8: Confirm the following working assumption. 
Working Assumption
For uplink transmission with rank>4, support dual CW transmission.
Proposal 9: Study, and if necessary, specify HARQ enhancement to support two codewords PUSCH with 8 Tx including at least the following aspects
· NDI, RV, MCS signaling for the second CW 
· CBG based PUSCH with 2 CWs
· Dynamic switch between 2 CW and single CW PUSCH 
Proposal 10: Study, if necessary, specify the UCI-multiplexing enhancement to support UCI multiplexing on two codewords PUSCH with 8 Tx including at least the following aspects
· Multiplex UCI only on one of the CWs or both CWs 
· Whether allowing different beta offset values for the two CWs
Proposal 11: Full power operation for a partial/non-coherent 8TX UE should support at least PA architecture which does not have full rated PA on each of the 8 Tx chains. 
Proposal 12: In addition to reusing Rel-16 full power mode 0/1/2, support a new mode 0A for full power transmission for PUSCH with 8 Tx. 
· Mode 0A set the power scaling factor  =  for a PUSCH transmission, where  is the power scaling factor the i-th Tx port.  if i-th Tx port is used in the PUSCH transmission,  otherwise.


	Nokia, Nokia Shanghai Bell
	Proposal 1: Consider 40 degree as the maximum relative phase offset for evaluation of 8Tx coherent codebook design.
Proposal 2: Consider a relative power error model (power imbalance model) to evaluate 8Tx codebook design.
Proposal 3: Consider 4dB as the max relative power error in the power imbalance model.
Proposal 4: For 8Tx PUSCH, for full coherent case, there is no need to support Ng other than 1.
Proposal 5: Consider reusing Rel-15 uplink codebook design principle for 8Tx partial coherent codebooks with  and .
Proposal 6: Study Rel-16 full power mode 1 and mode 2 for 8Tx support.
Proposal 7: Discuss whether a RAN4 LS is needed to clarify UE power classes to support 8Tx CPE/FWA/vehicle/Industrial devices.
Proposal 8: Use these two antenna layouts with Ng=2 and Ng=4 to study possible PA architecture for 8Tx full power operation.
Proposal 9: Confirm the WA: for uplink transmission with rank>4, dual CW shall be used.
Proposal 10: For two codeword uplink Tx, consider supporting rank combinations of 2+3, 3+3, 3+4, and 4+4.


	MediaTek Inc.
	Proposal 1: Confirm the working assumption on dual codeword support for rank>4 in UL.
Proposal 2: Down select Alt-1b because of its superior performance over Alt-2a CBs. 
Proposal 3: Deprioritize Ng=2 and Ng=4 for Full coherent UE. Ng=1 should only be considered for Full coherent CB design.
Proposal 4: Study on the CB design for Partial coherent UEs on how to concatenate the Legacy 4Tx/2Tx CBs with low feedback overhead.
Proposal 5: Consider 4Tx/2Tx Legacy full coherent CBs only in generating partial coherent CBs of 8Tx to reduce the feedback overhead by avoiding partial/no coherent 4Tx/2Tx CBs. 


	NEC
	Proposal 1: Support 8Tx full coherent UL precoding.
Proposal 2: Support separate indication of antenna group(s) from TPMI indication.
Proposal 3: A single SRS resource set is sufficient for codebook based and non codebook based UL transmission, i.e. no need of supporting more than one SRS resource sets.


	CEWiT
	Proposal 1: At least for SRS configuration supporting codebook-based UL transmission for an 8Tx UE, we do not support configuration of SRS resource set with 8/M M-port resources.
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