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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 [2-3], the following topics are the focal point of the discussion in this meeting.

High Priority Topics
· Partially/Non-coherent precoding: Decision on the structure of the precoder
· Fully-coherent precoding: Selection of the range of configuration parameters (O1, O2, N1, N2, etc.)
· Details for specification support of dual CW transmission: 
· MCS, NDI, RV indications, UCI multiplexing, etc.
· Enabling/Disabling the second CW, scrambling, etc.
Other Topics
· Full power: Continue collection and compile of potential PA architectures
· Others:
· Rank/TPMI joint/separate indication
· SRS configuration and SRI/TPMI indication

2 CODEBOOK DESIGN FOR COHERENT 8TX UE 
In the last meeting, it was agreed to re-use NR Rel-15 single panel DL Type I codebook as the starting point for the design of the 8TX coherent codebook. As the next step, RAN1 needs to decide on the range of configuration parameters (O1, O2, N1, N2, etc.)
	Agreement (#111)
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

Agreement (#110)
For evaluation purpose of codebook alternatives when a precoder based on Rel-15 DL Type I is used, following oversampling ratios are assumed
· (O1, O2) = (1,1), (2,1), (2,2)
· Note: Other values may be used and reported by companies
· Note: When deciding the supported O1, O2 combination, the signalling overhead, performance, UE complexity, etc should be considered




Proposal 2.1 - For fully coherent uplink precoding by an 8TX UE, based on NR Rel-15 single panel DL Type I codebook, the following pairs of (N1, N2) values are supported,
· (N1, N2) = (4, 1)
· (N1, N2) = (2, 2)
Table 1 - Companies’ views
	Company
	Perspective

	NTT DOCOMO
	Generally okay. 
On the other hand, it may be simpler to support and finish codebook design for one pair of (N1, N2) values first, which is also okay to us.

	ZTE
	Support in principle. Then, we suggest that the following should be captured as a sub-bullet for clarification.
· (N1, N2) can be configured by gNB to UE based on UE capability. 

	MediaTek
	Agree in principle. 
Concur with the comment and additional modification made by ZTE, we believe supported values of N1, N2 should be a UE capability. We would like also to add the N1, N2 value only up updated at RRC level in the case where UE support more than one pairs.

	Huawei, HiSilicon
	Support the proposal.

	LG Electronics
	We are fine with the proposal. It should be based on UE capability, and gNB configuration is needed if the UE supports both (N1, N2) values. 

	OPPO
	Support. Fine with MTK’s proposal. 

	Vivo
	Support the FL proposal. Supported (N1, N2) combination is UE capability

	CATT
	Generally OK. We are fine with supporting multiple options for antenna layouts.

	Intel
	Generally fine with the proposal.

	Ericsson
	Support. It is important that codebook designs cover both ULA and UPA configurations to avoid restricting UE implementations.  We would like to consider further if UE capability signaling is needed, though.

	NEC
	Support the proposal.

	Nokia, NSB
	Support.
However, we shall also consider the total number of precoders in a systematic approach. N1 and N2 will have impact on total number of UL precoders in the codebook, and they may have impact on UE capabilities. 

	Lenovo
	Support the FL proposal. Only one of (N1, N2) can be configured for the UE when the UE support both (N1, N2) values.

	Apple
	Fine with the proposal in general, but we think UE capability aspect should be included as well.
 Proposal 2.1 - For fully coherent uplink precoding by an 8TX UE, based on NR Rel-15 single panel DL Type I codebook, the following pairs of (N1, N2) values are supported,
· (N1, N2) = (4, 1)
· (N1, N2) = (2, 2)
A UE reports the capability on which configuration it supports.

	CMCC
	Support. We are fine with MTK’s comment that the values of (N1, N2) are UE capability, and can be configured at RRC level.

	Xiaomi
	Support the proposal.

	Samsung
	Support the proposal. The UE capability or/and gNB configuration can be discussed later.

	InterDigital
	Support the proposal. OK to have UE capability reporting and RRC configuration on the values of (N1, N2).

	Google
	We also think we need a UE capability to indicate which configuration the UE supports. 

	Spreadtrum
	Support the proposal and the UE capability for different values of (N1, N2) can be reported.



Table 2 captures the number of precoders for different values of over-sampling ratios and (N1, N2) values of interest. Considering the overhead associated for precoding indication, 
Proposal 2.2 - For fully coherent uplink precoding by an 8TX UE, based on NR Rel-15 single panel DL Type I codebook, the following pairs of (O1, O2) values are supported,
· (O1, O2) = (1, 1)
· FFS (O1, O2) = (2, 1)

[bookmark: _Ref124150487]Table 2 – UL Precoding overhead
	Configuration parameters
	Number of precoders using NR Rel-15 single panel DL Type I

	(N1, N2, O1, O2)
	1
	2
	3
	4
	5
	6
	7
	8
	Total

	(2, 2, 1, 1)
	16
	32
	24
	24
	8
	8
	8
	8
	128

	(2, 2, 2, 1)
	32
	64
	48
	48
	16
	16
	16
	16
	256

	(2, 2, 2, 2)
	64
	128
	96
	96
	32
	32
	32
	32
	512

	(2, 2, 4, 1)
	64
	128
	96
	96
	32
	32
	32
	32
	512

	(2, 2, 4, 2)
	128
	256
	192
	192
	64
	64
	64
	64
	1024

	(2, 2, 4, 4)
	256
	512
	384
	384
	128
	128
	128
	128
	2048

	(4, 1, 1, 1)
	16
	32
	24
	24
	8
	8
	4
	4
	120

	(4, 1, 2, 1)
	32
	64
	48
	48
	16
	16
	8
	8
	240

	(4, 1, 2, 2)
	64
	128
	96
	96
	16
	16
	8
	8
	432

	(4, 1, 4, 1)
	64
	128
	96
	96
	32
	32
	16
	16
	480

	(4, 1, 4, 2)
	128
	256
	192
	192
	32
	32
	16
	16
	864

	(4, 1, 4, 4)
	256
	512
	384
	384
	32
	32
	16
	16
	1632



Table 3 - Companies’ views 
	Company
	Perspective

	NTT DOCOMO
	Generally okay. But we think it is sufficient to support only one pair of (O1, O2) values for a certain pair of (N1, N2) values.

	ZTE
	Okay with (O1, O2) = (1, 1) as a baseline, and other values can also be considered. Some more evaluation results can be found in our contribution R1-2210941.

Regarding other values of O1/O2, 
· (O1, O2) = (2, 1) can be supported for (N1, N2) = (4, 1) and (N1, N2) = (2, 2) 
· (O1, O2) = (2, 2) can be supported for (N1, N2) = (2, 2) 
· O1 or O2 = 4 may not be needed
· O2 > 1 for (N1, N2) = (4, 1) is not needed

	MediaTek
	We prefer to define a single pair (O1, O2) = (1, 1) for now.

	Huawei, HiSilicon
	We are fine to support (O1, O2)=(1,1) for now. Larger O values can be considered after definition of partial/non-coherent codebooks. In legacy, full coherent UEs can also use the partial/non-coherent codebooks. If this is reused in 8TX UL operation, the sizes of full-coherent and partial/non-coherent codebooks should be similar. If partial/non-coherent codebook is larger than full-coherent codebook, then larger O values can be used or further enhancement of full-coherent codebook can be considered to compensate impact of antenna phase errors.

	LG Electronics
	Fine with the proposal. Our preference is (O1, O2) = (1,1) for now. Other combination should provide notable performance gain with acceptable payload. 

	OPPO
	Fine with the proposal. Based on our evaluation, (O1, O2) = (1, 1) is sufficient.

	vivo
	Support the FL proposal. For {N1, N2}={4,1},  (O1, O2) = (2, 1) is optionally supported. Further discuss whether to support (O1, O2) = (2, 2) for {N1, N2}={2,2}

	CATT
	Fine with the proposal. 
We prefer that for UPA structure with (N1, N2) = (2, 2), (O1, O2)=(1,1) is at least supported; For UPA structure with (N1, N2) = (4, 1), (O1, O2)=(2,1) is at least supported. Still, we are open for further discussion on other values.

	Intel
	Generally fine with the proposal. Our preference is (O1, O2) = (1,1).

	Ericsson
	Do not support. It is premature to preclude (O1,O2)=(2,2) for (N1,N2)=(2,2).  This configuration still allows simple precoding with QPSK elements.  Also, the greater number of beams may help compensate for the wider beam widths in (N1,N2)=(2,2) vs. (N1,N2)=(4,1).

Lastly, (2,1) oversampling for a (4,1) array leads to non-QPSK alphabets which adds to complexity.

	NEC
	Fine with the proposal, where (O1, O2)=(1,1) is the baseline to be supported. 
In addition, we also prefer at least (O1, O2)=(2,1).

	Nokia, NSB
	We can start with O1, O2=(1,1) as a working assumption. System-level simulation shall be used to determine the trade-off between the choices of OVS and the UL performance.

	Lenovo
	Fine with FL proposal to take (O1, O2)=(1,1) as the baseline.
We can further evaluate the other (O1, O2) values.

	Apple
	We are fine to support (O1, O2) = (1, 1), but think (O1, O2) = (2, 1) and (2, 2) can be supported subject to UE capability. (O1, O2) = (1, 1) has very coarse granularity and impacts the performance.

	CMCC
	Support (O1,O2) = (1,1) as a baseline. 
Additionally, some companies’ simulation results from last meeting showed that (O1,O2)=(2,1) for (N1,N2)=(4,1) has performance gain compared to (O1,O2)=(1,1). Considering the payload, the number of precoders of (O1,O2)=(2,1) for (N1,N2)=(4,1) is 240, and the TPMI indication is 1 bit more than (O1,O2)=(1,1). So, we support to add (O1,O2)=(2,1) for (N1,N2)=(4,1).

	Xiaomi
	Generally fine with the proposal. (O1,O2)=(2,2) should also be considered.

	Samsung
	Do not support. In our view, the codebook resolution should be at least QPSK, especially for low rank (e.g. 1-2). So, (1,1) is OK for (N1,N2)=(4,1), but not for (2,2). We support (O1,O2)=(2,2) at least for (N1,N2)=(2,2) and lower rank, and lower oversampling for higher rank. We used the same design in legacy codebooks (e.g. Rel.15 4Tx UL, Rel. 15 DL Type I). So, we propose to support 
· When (N1,N2)=(4,1), (O1,O2)=(1,1) 
· When (N1,N2)=(2,2) 
· At least for rank 1-2, (O1,O2)=(2,2)
· For rank > 2, oversampling can be smaller, e.g. (1,1)
In general, our suggestion is to start with Rel.15 approach for designing FC precoders [as agreed in RAN1#91], and summarized below.
· Rank1: CodebookMode=1 and O1=2
· Rank2: CodebookMode=1 and O1=2 and i13=0
· Rank3: CodebookMode=1-2 and O1=2; i11 \in {0,2}, i13=0
· Note: this is equivalent to O1=1
· Rank4: CodebookMode=1-2 and O1=2; i11 = 0, i13=0
· Note: this is equivalent to O1=1 and selecting only one of the 2 beams

	InterDigital
	Support the proposal, in that at least (O1, O2) = (1, 1) should be the baseline. And as a next step, RAN1 can further discuss other cases of a combination among the parameters.

	QC
	(O1, O2) = (1, 1) seems sufficient. Other larger oversampling values don’t bring much performance benefit based on our simulation results shared in previous meetings. 
In general, we don’t support oversampling factor which results codebook with higher modulation order than QPSK, which unnecessarily complicates UE implementation with no justified performance gain. 

	Google
	We think (O1, O2) = (1, 1) should be sufficient.

	Spreadtrum
	Support the proposal, i.e.  (O1, O2) = (1, 1) as the baseline and other (O1, O2) values need more discussion and performance evaluation.





3 CODEBOOK DESIGN FOR PARTIALLY/NON-COHERENT UE 

	Agreement (#110b)
For 8TX UE codebook-based uplink transmission,
· [bookmark: _Hlk123890554]For partially/non-coherent precoding, support NR Rel-15 UL 2TX/4TX codebooks and/or 8x1 antenna selection vector(s) as the starting point for design of codebook 



It has been agreed that for partially/non-coherent precoding, NR Rel-15 UL 2TX/4TX codebooks and/or 8x1 antenna selection vector(s) to be used as the starting point for design of codebook. In the last meeting, a proposal describing the overall procedure for partially/non-coherent precoding was briefly discussed. For this meeting, we pick up the discussion from where we left. 

Proposal 3.1: For partially coherent uplink precoding by an 8TX UE, precoding structure is based on one or two precoding matrices from Rel-15 UL 4TX codebook, 
· when Ng=2, one precoding matrix is applied to one of the two antenna groups, or two precoding matrices are applied on their respective antenna groups.
· when Ng=4, one partially-coherent or non-coherent precoding matrix is applied to one of the two pair of antenna groups, or two partially-coherent or non-coherent precoding matrices are applied on their respective pairs of antenna groups.
· Further study 
· Whether a joint or separate TPMIs are used for indication of the precoders,
· Whether more than one SRS resource sets with usage ‘Codebook’ are configured,
· Selection of the precoding vectors for each rank for optimizing DCI payload,
· Whether for rank=2,3,4, all ranks (layers) can be transmitted by one or more antenna groups, 
· Rank (layer) combinations for rank>4, and layer splitting between antenna groups 


Table 4 - Companies’ views 
	Company
	Perspective

	NTT DOCOMO
	This proposal seems to have mixed many aspects together, which may be difficult for us to focus on one point for discussion.
We suggest splitting Ng=2 and Ng=4 cases, as well as the further study part, i.e., splitting the 3 sub-bullets. Then and it may be easier to discuss each proposal separately.

For Ng=2, we think the precoding structure is based on Rel-15 UL 4TX codebook.
For Ng=4, we think the precoding structure can be based on Rel-15 UL 2TX codebook. 
For example, we can split Ng=2 and Ng=4 cases as follows. And we can focus on the codebook structure in following proposals.
Proposal 3.1: For partially coherent uplink precoding by an 8TX UE, when Ng=2, precoding structure is based on one or two precoding matrices from Rel-15 UL 4TX codebook, 
· one precoding matrix is applied to one of the two antenna groups, or two precoding matrices are applied on their respective antenna groups.
Proposal 3.2: For partially coherent uplink precoding by an 8TX UE, when Ng=4, precoding structure is based on only one of following options, 
· Option 1: Rel-15 UL 4TX codebook.
· one partially-coherent or non-coherent precoding matrix is applied to one of the two pair of antenna groups, or two partially-coherent or non-coherent precoding matrices are applied on their respective pairs of antenna groups.
· Option 2: Rel-15 UL 2TX codebook.
· One, two, three, or four precoding matrices are applied to one, two, three, or four antenna groups, respectively.

In addition, we think it may be simpler to finish codebook design for one Ng case first. In that case, our discussion could become more focused.


	ZTE
	Thank you so much for the FL’s great effort. 

Regarding how to move forward this issue, we share the same views with DOCOMO that the cases of Ng=4 and Ng=2 should be separately discussed, rather than combining them together. If not, we are afraid that the last meeting discussion/debating may be repeated again. So, we prefer to clarify the detailed solution for each case one by one. Even listing some candidates for a given case, we may need to have stable ones for down-selection. 
We can first agree on codebook structure and number of candidate codebooks for each case, and indication of precoder and SRS resource configuration can be discussed later. 

For Ng=2, we have the following modification.

Proposal 3.1: For partially coherent uplink precoding by an 8TX UE, precoding structure is based on one or two precoding matrices from Rel-15 UL 4TX codebook, 
· when Ng=2, one precoding matrix is applied to one of the two antenna groups, or two precoding matrices are applied on their respective antenna groups.
· when Ng=4, one partially-coherent or non-coherent precoding matrix is applied to one of the two pair of antenna groups, or two partially-coherent or non-coherent precoding matrices are applied on their respective pairs of antenna groups.
· Further study 
· Whether a joint or separate TPMIs are used for indication of the precoders,
· Whether more than one SRS resource sets with usage ‘Codebook’ are configured,
· Selection of the precoding vectors for each rank for optimizing DCI payload,
· Whether for rank=2,3,4, all ranks (layers) can be transmitted by one or more antenna groups, 
· Rank (layer) combinations for rank>4, and layer splitting between antenna groups 
For Ng=4, codebook structure can be determined firstly, and details on number of candidate codebooks can be discussed later, as in Proposal 3.2 DOCOMO suggested.
· One question for clarification: why not consider “Rel-15 UL 2TX codebook” as a starting point? It seems quite straightforward. Then, if going with Rel-15 UL 4Tx codebook, “one partially-coherent or non-coherent precoding matrix is applied to one of the two pair of antenna groups” should be fully justified before agreed, e.g., whether the legacy matrix is still appropriate to the following approved structure, e.g., dG-H/V. IMHO, after quickly checking, coherent precoding for a port group in a given RANK may be precluded in such case.

[image: ]

	MediaTek
	We believe Ng=4 and Ng=2 should be separately discussed and agree with the updated proposal made by DOCOMO.
Our preference is to focus on a single Ng value rather than tackling both structures at the same time.

	Huawei, HiSilicon
	We are generally fine with the proposal, with several comments below. 
· When Ng=2, the used precoding matrix can be fully/partial/non-coherent. Propose to make it clear to align the wording between Ng=2 and 4.
· To reduce the codebook size, the coherent level can be the same when 2 precoding matrices are applied. This can be further studied after the codebook structure is decided.
Therefore, we propose the following modification:
Proposal 3.1: For partially coherent uplink precoding by an 8TX UE, precoding structure is based on one or two precoding matrices from Rel-15 UL 4TX codebook, 
· when Ng=2, one fully-coherent or partially-coherent or non-coherent precoding matrix is applied to one of the two antenna groups, or two fully-coherent or partially-coherent or non-coherent precoding matrices are applied on their respective antenna groups.
· when Ng=4, one partially-coherent or non-coherent precoding matrix is applied to one of the two pair of antenna groups, or two partially-coherent or non-coherent precoding matrices are applied on their respective pairs of antenna groups.
· Further study 
· Whether a joint or separate TPMIs are used for indication of the precoders,
· Whether more than one SRS resource sets with usage ‘Codebook’ are configured,
· Selection of the precoding vectors for each rank for optimizing DCI payload,
· Whether for rank=2,3,4, all ranks (layers) can be transmitted by one or more antenna groups, 
· Rank (layer) combinations for rank>4, and layer splitting between antenna groups 
· When two precoding matrices are used, whether they can have different coherence levels


	LG Electronics
	Agree with Docomo that Ng=2 and Ng=4 can be discussed separately.  As commented by many companies, for Ng=2 Rel-15 4Tx UL codebook can be a starting point. And for Ng=4, Rel-15 2Tx UL codebook can be a starting point. 

	OPPO
	We also propose to separately discuss the codebook for Ng=2 and Ng=4. 
For Ng=4, we agree with ZTE and DOCOMO that Rel-15 2Tx codebook can also be considered, together with 4Tx codebook. 
For non-coherent codebook, will it be discussed after partial-coherent codebook?

	vivo
	For both Ng=2 and 4, single mechanism is supported, i.e., use two TPMI fields in DCI each indicating 4Tx precoders and depending on UE capability. We do not support introducing co-phasing factors between antenna groups.
Support configuring more than on SRS resource set with usage codebook. 
Support all layers for rank=2,3,4 transmitted from one or more antenna groups.
The details of UE capability reporting can be discussed later. 

	CATT
	Agree with that Ng=4 and Ng=2 should be discussed separately. For Ng=4, there should be more solid observation and discussion on Rel-15 UL 4TX codebook based or Rel-15 UL 2TX codebook. The conclusion for baseline should be made after these discussions.

	Intel
	We also think it might be better to separately discuss the partial coherent precoding matrix structure for Ng=2 and Ng=4.

One question on the text “one partially-coherent or non-coherent precoding matrix is applied to one of the two pair of antenna groups”, does it mean the partial/non-coherent precoding matrix has to contain non-zero element over two antenna groups? If yes, how to use the rank-1 non-coherent precoding matrix? Hope it can be clarified.

Regarding the further study aspect, we think the rank(layer) combination for rank-2,3,4 should also be studied.
· Rank (layer) combinations for rank>41, and layer splitting between antenna groups 


	Ericsson
	As other companies have commented, we think that the Rel-15 2 Tx and 4 Tx codebooks can be used for the Ng=4 and Ng=2 cases, respectively.

Within a group, we think that the elements should only be coherent, therefore only the fully coherent TPMIs from Rel-15 4 & 2 Tx codebooks should be used for Ng=2 & Ng=4, respectively.  This allows more even power distribution per layer and reduces the number of precoders.

	NEC
	We also prefer separate discussion for Ng=4 and Ng=2. 
The updated proposal from DoCoMo can be starting point to discussion.

	Nokia, NSB
	Need some clarifications on the Ng=2 and Ng=4, especially on the TPMIs.
For Ng=2, if both one precoding matrix and two precoding matrices are supported, we need consider overall TPMI overhead. If Rel-15 4Tx precoders are used, do we need to include all Rel-15 4Tx precoders (such as partial coherent and/or non-coherent precoders)? Certain limitations might be necessary.



	Lenovo
	Firstly, we agree with DOCOMO, ZTE, MediaTek, LG and OPPO that Ng=2 and Ng=4 should be separately discussed.
Secondly, for Ng=4, we think Rel-15 2Tx UL codebook should be considered as well. 
Finally, we prefer a single mechanism for the TPMI indication for both Ng=2 and Ng=4. And we agree with vivo that co-phasing between antenna groups should not be supported.

	Apple
	We also prefer to discuss the two cases separately.
It is not clear what the following sentence means: “one precoding matrix is applied to one of the two antenna groups”. If one precoding matrix is applied to one group, what about the other group? Does it mean the other group is not used at all, or it means the same precoding matrix is applied to both groups?
For Ng=4, the 2Tx UL codebook should be considered.

	CMCC
	We also support to discuss Ng=2 and Ng=4 separately, but unified mechanism may be needed for codebook design. For Ng=2, Rel-15 4Tx UL codebook can be a starting point. And for Ng=4, Rel-15 2Tx UL codebook can be a starting point. 
Additionally, the codebook design may support to indicate the codebook of antenna groups selection.

	Xiaomi
	We support to separately discuss Ng=2 and Ng=4. For Ng=4, Rel-15 UL 2Tx codebook can be considered as the starting point. Regarding rank combinations, we have similar view with Intel, and rank combination for rank=1,2,3,4 should also be studied.

	Samsung
	Agree with E/// that within a group, ports should be coherent only, otherwise, we are mixing the coherency and grouping. In our view, a group should include coherent ports, and two non-coherent ports should be in different groups. Besides, it is possible to configure a lower coherency precoder, e.g. codebookSubset
For Ng=2, we suggest to start with Rel.15 4Tx full-coherent precoders as the starting point.
For Ng=4, we suggest to start with Rel.15 4Tx partial-coherent precoders or 2Tx full-coherent precoders (either is fine for us), as the starting point. Note however that Rel.15 4Tx partial-coherent precoders based design can reduce the number of candidate precoders a lot, when compared with 2Tx full-coherent based design.

	InterDigital
	We prefer as simple as possible precoding structure with a unified TPMI indication mechanism covering different cases, without having multiple different options in constructing the DCI fields. In that sense, we support precoder generation capturing from Rel-15 UL 4TX codebook for both Ng=2 and Ng=4 according to the FL proposal, although we are open to discuss them separately if that helps for progress.

	QC
	Same view as LG.

	Google
	Probably we can discuss the codebook directly.

	Spreadtrum
	Share the same views as other companies to design codebook for Ng=4 and Ng=2 cases, respectively.
For Ng=2, the precoding matrices are taken from Rel-15 4TX codebook, and for Ng=4, the precoding matrices are taken from Rel-15 2TX codebook.




4. SUPPORT OF TWO CODEWORDS
On the support of two codeword transmissions, some progress have been made. In the last meeting [2], it was agreed to proceed with the specifications required for PUSCH transmission with rank>4 by an 8TX UE.

	Working Assumption (#110b)
For uplink transmission with rank>4, support dual CW transmission.

Agreement
For PUSCH transmission with rank>4 by an 8TX UE, to support dual CW transmission, 
· specify MCS, NDI, RV indication for the second CW
· specify PUSCH Scrambling for the second CW
· specify UCI multiplexing on PUSCH for dual CW transmission
· study whether/how Enabling/Disabling the second CW
FFS: Optimization of DCI to indicate the above
Note: Strive to reuse Rel-15 NR DL schemes where possible.

Agreement
For PUSCH transmission with rank>4 by an 8TX UE, to support UCI multiplexing on PUSCH, down-select at least one of the following options in RAN1#112,
· 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
· Option5: UCI is repeated across the two CWs
· Other options are not precluded




Proposal 4.1: To support dual CW PUSCH transmission for rank>4 by an 8TX UE, for MCS indication, down-select from,
·  Alt.1: A single MCS is used for both codewords
·  Alt.2: A second MCS is indicated for the second codeword 

Proposal 4.2: To support dual CW PUSCH transmission for rank>4 by an 8TX UE, a second set of NDI and RV are indicated. 

Proposal 4.3: To support dual CW PUSCH transmission for rank>4 by an 8TX UE, reuse DL PDSCH scrambling mechanism to initialize the scrambling sequence generator for codeword q{0,1}, 


Proposal 4.4: To support UCI multiplexing on PUSCH for transmission with rank>4 by an 8TX UE, Option 1 where UCI is always multiplexed on a single CW is supported.
· FFS whether the first or the second CW is used.

Proposal 4.5: To support dual CW PUSCH transmission for rank>4 by an 8TX UE, down-select from
· Alt.1: Re-use DL DCI-based enabling/disabling for the second CW,
· Alt.2: The second CW is always enabled.


Table 5 - Companies’ views 
	Company
	Perspective

	NTT DOCOMO
	Proposal 4.1: support. And we support Alt2.
Proposal 4.2: support.
Proposal 4.3: support.
Proposal 4.4: support.
Proposal 4.5: the Alt1 and Alt2 are a little confusing to us. We think the discussion point is whether to support one CW for rank>4. But in Alt.1, when reusing DL method, if one CW is disabled, the rank becomes no larger than 4, which is used for dynamic indication between ‘<= 4-layer’ and ‘> 4-layer’. Here, does Alt.1 mean to dynamically indicate the rank or using one CW even for rank>4? Some further clarification is needed.

	ZTE
	Proposal 4.1: Support Alt 2. According to our observation based on SLS simulation results, two codewords having different MCS values is a common case, therefore the limitation of same MCS for two codewords is unnecessary. 
Proposal 4.2: Support.
Proposal 4.3: Support.
Proposal 4.4: Not support. From the perspective of reliability and capacity, multiplexing UCI bits on two codewords is more reasonable. For HARQ-ACK information and SR, multiplexing UCI bits on two CWs repeatedly can bring a higher reliability. For CSI part 1 and part 2, with the enlarging of overhead of CSI, increasing the capacity of UCI bits multiplexed on PUSCH by multiplexing different UCI bits on two CWs can have benefits of reducing probabilities of/preventing from CSI omission and improving MU-MIMO performance. Considering such enhancement may need much more efforts, we prefer to at least support to multiplex UCI on two codewords repeatedly.  
Proposal 4.5: Support Alt 2 in principle. Agree with DOCOMO that it should be clarified what disabling the second CW means. 
· One understanding is that when the second CW is disabled, PUSCHs with 1 to 8 layers are all transmitted with single CW. We do not support to have such additional rule because it has impacts on the mapping of codewords to layers. 
· Another understanding is that when the second CW is disabled, a PUSCH transmission with > 4 layers will be changed to be a PUSCH transmission with <= 4 layers. From our view, such mechanism is for retransmission of one of the CWs? If so, we can further discuss whether to support it.  

	MediaTek
	We would like to point out that dual codeword operation is still a working assumption and not yet an agreement. When/if the dual codeword is agreed on then are views are:

Proposal 4.1: support. 
Proposal 4.2: support.
Proposal 4.3: support.
Proposal 4.4: support.
Proposal 4.5: need more clarification.

	Huawei, HiSilicon
	For 4.1, we observed that two codeword usually have very different channel qualities, one MCS per codeword can improve the UL throughput. Hence, we support Alt 2.
For 4.2/4.3/4.4, support.
For 4.5, Those used in DL can be resued, that if IMCS = 26 and rvid = 1 for one of the two codewords, the corresponding codeword is disabled. However, the enabling/disabling of 2nd CW is for transmission with up to 8 layers, not “for rank>4”, because if rank>4, the second codeword is enabled, and if rank <=4, the second codeword is disabled. Therefore, propose modification as below:
Proposal 4.5: To support dual CW PUSCH transmission for transmission up to 8 layers by an 8TX UE, down-select from
· Alt.1: Re-use DL DCI-based enabling/disabling for the second CW,
· Alt.2: The second CW is always enabled.



	LG Electronics
	Proposal 4.1: support Alt2.
Proposal 4.2: support.
Proposal 4.3: support.
Proposal 4.4: Not support. We agree with ZTE. Although option 1 is simple and may have less specification impact, we should carefully design UCI multiplexing considering reliability of HARQ-ACK, CSI part 1 and Part 2. Especially, at least HARQ-ACK bit can be repeated for both CWs to enhance the reliability. 
Proposal 4.5: In our understanding proposal 4.5 is only for the retransmission case. So, DL principle captured by Huawei can be reused, i.e., IMCS = 26 and rvid = 1 is used to indicate disabling TB. 

	OPPO
	Proposal 4.1: support and prefer Alt2.
Proposal 4.2: support.
Proposal 4.3: support.
Proposal 4.4: We are fine with either option 1 (which is simpler) or reusing the UCI multiplexing mechanism in LTE, e.g. HARQ-ACK is repeated in both CWs, and other UCI is multiplexed to both CWs with data, as mentioned by ZTE.
Proposal 4.5: we agree with Huawei to reuse downlink signaling to disable the second CW for retransmission. Alt.2 is unclear to us. 

	vivo
	4.1 – support alt 2
4.2 – support the FL proposal, further discuss how to indicate
4.3 – support the FL proposal
4.4 – discuss the available options then make decision based on technical merit
4.5 – two alternatives are not clear, for the UE supporting and gNB configuring max rank>4, rank is dynamically indicated in DCI, which means indicated rank could change as less than 4 or more than 4, which means second CW is enabled/disabled dynamically 

	CATT
	Proposal 4.1: support Alt 2. 
Proposal 4.2: support.
Proposal 4.3: support.
Proposal 4.4: Not support. Multiplexing UCI on two CWs is benefit for improving reliability. We prefer to support multiplexing UCI on two CWs. We can further discuss which type(s) of UCI is multiplexed on two CWs.
Proposal 4.5: Alternatives need more clarification. It seems that two alternatives are mixed up. Alt.1 is discussing how to indicate whether 2CW is supported for PUSCH when maxRanks is >4. While Alt.2 is discussing if 2CW is always on for rank>4 PUSCH transmission.

	Intel
	Proposal 4.1: support. Alt 2 is preferred.
Proposal 4.2: support.
Proposal 4.3: support.
Proposal 4.4: support. We think multiplexing UCI with one codeword is simpler solution.
Proposal 4.5: support. Alt 1 is preferred.

	Ericsson
	4.1: Alt 2 should be specified; otherwise there is no benefit from 2 CW.
4.2: Support; benefits should be similar to the downlink.
4.3: OK
4.4: Support; multiplexing should be on the first codeword.  We are not aware of a benefit to transmitting on the second codeword in the rank > 4 case, and so transmitting on the first codeword seems sufficient.
4.5: Support, depending on the outcome of 4.2.  If a second NDI and RV are supported, it makes sense to disable the second CW on a retransmission.

	NEC
	Proposal 4.1: Support Alt2.
Proposal 4.2: Support.
Proposal 4.3: Support.
Proposal 4.4: Support.
Proposal 4.5: we prefer the updated proposal from Huawei.

	Lenovo
	Re Proposal 4.1: Support Alt.2
Re Proposal 4.2: Support
Re Proposal 4.3: Support 
Re Proposal 4.4: Not support. Support option 2 or option 3 to increase the UCI reliability.
Re Proposal 4.5: Support Alt.2 Alt.1 is not clear to us, does it means to introduce single CW for rank>4 transmission?

	Apple
	P4.1: support Alt 2
P4.2: support
P4.3: support
P4.4: support
P4.5: the alternatives are not clear to us. We think whether single vs 2 CWs should be determined by the indicated rank. If rank>4, 2 CWs are used.

	CMCC
	Proposal 4.1: support and prefer Alt2.
Proposal 4.2: support.
Proposal 4.3: support.
Proposal 4.4: support.
Proposal 4.5: further clarification is needed. From our understanding, if rank<4 is indicated by DCI, one CW is used; if rank>4 is indicated by DCI, two CWs are used. For retransmission, we agree with Huawei to reuse DL mechanism to disable the second CW.

	Xiaomi
	Proposal 4.1: support. And we support Alt2.
Proposal 4.2: support.
Proposal 4.3: support.
Proposal 4.4: support.
Proposal 4.5: support. We prefer Alt.1.

	Samsung
	4.1: support
4.2: support
4.3: support
4.4: Support, and support mux on the 1st CW. This is simple, spec impact is small, and same as LTE. 
4.5: the proposal is not clear to us. When 2nd CW is disabled,
· Does it mean rank > 4 is still possible? If yes, we don’t support this switching.
· Does it mean rank <=4, i.e. SRI or/and TPMI indication corresponds to <=4 layers? We can discuss this.

	InterDigital
	Proposal 4.1: Support.
Proposal 4.2: Support.
Proposal 4.3: Support.
Proposal 4.4: Support, as this is a simpler option.
Proposal 4.5: Support, preferring Alt1.

	QC
	Proposal 4.1: Support Alt 2. 
Proposal 4.2: Support. 
Proposal 4.4: The intention of the “whether the first or the second CW is used” is not clear to us. If option 1 is taken by RAN1, we think the CW should be the CW with higher MCS for higher reliability. A UE should not always multiplex on the 1st or 2nd CW in a static fashion. 
Proposal 4.5: The formulation of Alt 1 is not very clear to us. Does Alt 1 means that the scheme to enable/disable 2nd CW for PDSCH is reused for UL, which is based on a special combination of MCS=26 and RVID=1? If so, we are support this of Alt 1. We also suggest FL to clarify Alt 1 to make it clearer.  Alt 2 seems not a reasonable solution. Once a UE is configured with 2CW PUSCH, the UE has to transmit every PUSCH with 2 CW sound not a good idea, given the channel variation. 

	Google
	4.1: Support Alt2. Alt1 cannot provide the benefit for 2 CW over 1 CW.
4.2: Support
4.3: We do not see the need for this change.
4.4: We also think the FFS needs more discussion.
4.5: The proposal seems to be unclear. Is it about when the DCI field for the 2nd CW exists or when the PUSCH should be transmitted from 2 CWs？ 

	Spreadtrum
	Proposal 4.1: Support Alt2.
Proposal 4.2: support.
Proposal 4.3: support.
Proposal 4.4: support.
Proposal 4.5: support and prefer Alt1. Similar to DL scheme, whether one or two transport blocks are scheduled depends on the indicated value of IMCS  and rvid for the corresponding transport block by DCI. If both transport blocks are scheduled, transport block 1 and 2 are mapped to codeword 0 and 1 respectively. If only one transport block is scheduled, then the enabled transport block is always mapped to the first CW. 



5. FULL POWER OPERATION

	Agreement
Study full TX power uplink codebook-based transmission by a partially/non-coherent 8TX precoder,
· Reuse Rel-16 UE capability definitions for discussion purpose, i.e., UE Capability 1, 2 and 3
· For full TX power transmission by UE Capability 2/3, at least, following exemplary PA architectures can be considered 
Other cases of interest are not precluded, down-select preferred potential architecture for the purpose of 8TX full power study in RAN#112.
· This can be used for other UE Power Classes as well.

	8TX UE, Power class 3 (23 dBm)
Pi= Nominal power rating of each PA

	

	Regular UE
	P1=P2= …=P8=14 dBm 
(Full power supported by Mode1)

	
	











Full-power capable UE
	Full power capability with any PA comb. (CAP1)
Example: 
P1=P2= …=P8= 23 dBm


	
	
	Full power capability with 1 PA (CAP3)
Example: 
P1=P2= …=P7= 14 dBm
P8= 23 dBm


	
	
	(lower priority) Full power capability with 2 PAs (CAP2)
Example 2a: 
P1=P2= …=P6= 14 dBm, P7=P8 ≥ 20 dBm
Example 2b:
P1=P2= …= P8= 20 dBm


	
	
	(lower priority) Full power capability with 4 PAs (CAP2)
Example 3a: 
P1=P2= …=P4= 14 dBm, P5=P6= …=P8 ≥ 17 dBm
Example 3b: 
P1=P2= …= P8 = 17 dBm


	
	
	(lower priority) Full power capability with 6 PAs (CAP2)
Example 4a: 
P1=P2= 14 dBm, P3=P4= …=P8 ≥ 15.3 dBm
Example 4b: 
P1=P2= … = P8≥ 15.3 dBm


	
	
	

	
	
	

	
	
	



Agreement
For an 8TX partial/non-coherent precoder, for study on full power codebook-based PUSCH transmissions, use Rel-16 full power modes as the starting point for the design. 
Note: This does not mandate support of all Rel-16 modes.




In the last meeting, some PA architectures for full TX power transmission by an 8TX UE were discussed. Based on the discussion, basic PA architectures based on full power capability CAP1 and CAP3 were agreed for the purpose of 8TX full power study. Other cases of interest, i.e., PA architectures suited for full power capability CAP2, are to be selected in RAN#112.

Proposal 5.1: To support full TX power codebook-based uplink transmission by a partially/non-coherent 8TX UE, the following PA architecture are studied,
· P1=P2= …= P8= 20 dBm
· P1=P2= …= P8= 17 dBm


Table 6 - Companies’ views 
	Company
	Perspective

	NTT DOCOMO
	Since CAP2 is low priority, we can finish study on CAP1 and CAP3 first.

	ZTE
	Not support.
There has been so many cases for study. We do not need to list all kinds of PA architectures. 
As full power modes in R16, the lowest capability PA architecture may be supported by a full power mode, e.g., full power mode 1, and other PA architectures can be supported in a flexible way based on UE reporting, e.g., full power mode 2. 

	MediaTek
	Not support, we believe the PA power values should be set by RAN4. We propose sending an LS to RAN4 enquiring about these values which can be used for 8TX operations.

	LG Electronics
	We are little bit confusing of this proposal. The PA combination of “P1=P2= …= P8= 20 dBm” and “P1=P2= …= P8= 17 dBm” is already captured in the agreement. So what is the intention to study of this particular low priority PA combination?  

	OPPO
	We think is not needed to list all interested PA architectures. Maybe we can discuss full power mode 0, 1 and 2 directly. Also, we think at least antenna ports within the same antenna port group should be assumed with the same max transmit power. Not support. Similar view as ZTE that there can be lots of PA architectures to be studied. It is our view that the PA architecture assumption is related to UE’s capability on which TPMI can be transmitted with full power for mode 2. We prefer to discuss which TPMI can be transmitted with full power for mode 2 directly if mode 2 is supported.

	vivo
	We are open to discuss.

	CATT
	Not support. Similar view as ZTE that there can be lots of PA architectures to be studied. It is our view that the PA architecture assumption is related to UE’s capability on which TPMI can be transmitted with full power for mode 2. We prefer to discuss which TPMI can be transmitted with full power for mode 2 directly if mode 2 is supported.

	Intel
	These two architectures are 2b and 3b in the agreement. Does the proposal mean these two architectures will not be low priority?

	Ericsson
	While we have a good start with the three possibilities we have on the table ([14 14 14 14 14 14 14 14], [23 14 14 14 14 14 14 14], and [23 23 23 23 23 23 23 23]), we do seem to miss some middle ground.  On the other hand, we should avoid the overdesigns we had for Rel-16.  The biggest danger we see here is a long discussion of full power PMI alternatives, and a homogeneous array can help mitigate this danger. 

Therefore, focussing on a homogenous power level across the array seems a reasonable next step, and having at least P1=P2=…=P8 = 20 dBm makes sense to us.  Since we are designing for CPE/FWA/vehicle/industrial devices, we think a relatively simple starting point is sufficient.  Given the flexibility of the Rel-16 Mode 0/1/2 full power mechanisms, if we need to support additional full power configurations, these configurations can be easily added later.

	Nokia, NSB
	We support the proposal to “study” these PA architectures, which can be the first cases for full Tx power support. 

	Lenovo
	It seems this proposal is not needed. Both PA architecture has been captured in the agreement achieved in RAN1#111 and it’s enough for full power design. 

	Apple
	The question here is how this is going to affect our design later as we are not going to define the PA architectures in the specs. The implication of whether to agree on this or not is not clear to us.

	CMCC
	Not support. Similar view as other companies that there can be lots of PA architectures to be studied. For full power mode 2 with antenna virtualization, all the PA architectures can be supported, and for full power mode 2 based on full power TPMI groups indication, we could further discuss which TPMI can be transmitted directly.

	Xiaomi
	We are open to discuss this issue.

	Samsung
	In our view, we should prioritize PC/NC precoder design. Once we have the PC/NC precoders agreed, then only it makes sense to discuss full power. Considering this, we also think, that we should not prioritize or de-prioritize any PA architecture at this point. 

	InterDigital
	Support the proposal. In our view, the first option should be sufficient.

	QC
	We don’t support this proposal. We have similar view as ZTE, MTK, and other companies. We are not sure why RAN1 need spend this much effort to study PA architecture. On this issue, we think we can simply conclude supporting full power mode 0/1/2 defined in Rel-16. To us, the only open issue on full power seems that whether any new full power mode other than 0/1/2 are needed for 8 Tx. 

	Google
	We also failed to see the necessity for the proposal. 




6. TRI/SRI/TPMI INDICATION FOR CODEBOOK UL TRANSMISSION
To manage DCI payload for TPMI indication, some companies have indicated that it may be better to employ separate indication for rank and precoding such that the DCI scheduling PUSCH carries only an indication for the preferred precoding. Hence, rank indication may be indicated separately through a different indication.   
 
	Agreement (#111)
For CB-based 8TX PUSCH transmission, for rank indication, down-select among the following
· Separate indication of TRI and TPMI
· Joint indication of TRI and TPMI




Proposal 6.1: For CB-based 8TX PUSCH transmission, for rank indication, down-select from the following options,
· Alt1. Separate indication of TRI and TPMI
· Alt2. Joint indication of TRI and TPMI

Table 7 – Companies’ views 
	Company
	Perspective

	NTT DOCOMO
	What’s the difference of Proposal 6.1 from previous agreement? Proposal 6.1 seems not needed.
On the other hand, we think it is important to discuss and determine the codebooksubset configuration mechanism before further discussing the DCI indication method.

	ZTE
	Agree with DOCOMO.

	MediaTek
	We also believe the codebook configuration should be discussed first before moving on to how indication would be performed. 

	Huawei, HiSilicon
	We prefer Alt 2 as it has lower overhead.

	LG Electronics
	Alt2 can be baseline. 

	OPPO
	Agree with DOCOMO. Codebook design should be discussed first. 

	Vivo
	Support alt 2

	CATT
	Similar view as DOCOMO, ZTE, MediaTek and OPPO, we prefer to study codebook first.

	Intel
	Same question as NTT DoCoMo. Looks it’s the same as previous agreement.

	Ericsson
	It does seem more important to agree to the codebook structure first before saying how it should be signalled.  Otherwise, how can we quantify the benefits of the two alternatives?
That being said, our expectation is that joint indication would allow less DCI overhead, and changing from Rel-15/16/17 mechanisms should be well justified.

	NEC
	Similar view with other companies, this can be discussed after codebook design. 

	Nokia, NSB
	Agree to consider this design with codebook design

	Lenovo
	Support Alt 1.

	Apple
	We should decide the codebook first. Also we need to discuss e.g. whether partial-coherent and non-coherent codebooks are also included for a UE supporting full-coherent codebook. This can also affect the indication signaling.

	CMCC
	Agree with DOCOMO.

	Xiaomi
	Agree to consider the codebook design first

	Samsung
	Same view as others, this proposal can be discussed later after the codebook design.

	InterDigital
	OK to discuss further, in that DCI overhead issue is important by introducing 8Tx TPMI indications.

	QC
	We are open to both alternatives, with slight preference to alternative 2 as it is the legacy way in Rel-15

	Google
	We think the R15 principle should be maintained, which is Alt2.

	Spreadtrum
	Prefer Alt2, but it is better to discuss codebook design firstly.




7. SRS CONFIGURATION
In the last meeting SRI indication for NCB-based 8TX PUSCH were discussed. Several companies had indicated their preference in maintaining full flexibility for port selection. To prevent an excessive overhead, companies proposed to employ a bitmap for indication of the ports,

Proposal 7.1: For NCB-based 8TX PUSCH transmission, 
•	All SRS port combinations are supported
•	Study whether an 8 bit length bitmap can be used for indication

Table 8 - Companies’ views 
	Company
	Perspective

	NTT DOCOMO
	OK. But if all SRS port combinations are supported, we think 8 bit length bitmap can be baseline.

	ZTE
	Support.

	Huawei, HiSilicon
	Not support. It can be observed that there is a large SINR gap between the precoders used in SRS resources with usage ‘nonCodebook’, which means some combinations has little probability to use, such as only using the SRS precoders with small SINR. Therefore, the full flexibility in SRS resource selection is not needed.

	LG Electronics
	Support

	OPPO
	We agree with Huawei that the full flexibility is not needed. The DCI overhead for SRI can be reduced via restriction of port combinations. 

	vivo
	For NCB-based 8Tx PUSCH transmission, current spec supports up to rank 4 and the SRI bit field size is 4 for configured max rank=4. For example, when configured max rank>4 using bitmap (up to 8 bits) is simple a solution, which can support all combinations.

	CATT 
	Support.

	Intel
	We think all the SRS port combination should be supported. The bullet of study may not be necessary.

	Ericsson
	It seems odd to us to have one design for 2 & 4 Tx, but a new one for 8 Tx, when 8 Tx operation is a straightforward extension of 4 Tx for non-codebook based operation. Therefore, we think Rel-15 principles should be reused, and all SRS port combinations should be supported for 8 Tx NCB.  So, we can support the proposal, and go further as well to remove the ‘study’ bullet.

	NEC
	Fine with the proposal.

	Nokia, NSB
	We are okay with the proposal. For alternative design with certain constraint on SRS port combinations, let’s see how much SRI payload can be saved.

	Lenovo
	Support FL proposal. And bitmap based indication is a simple solution.

	Apple
	Support it in general, but we think the existing signaling mechanism for 4Tx can be extended to 8Tx.

	CMCC
	Not support. 8 bits SRI overhead is non-negligible, it is beneficial to reduce flexibility of SRS in exchange for the reduction of SRI overhead.

	Xiaomi
	Support. Bitmap design is simple to avoid the design like legacy SRI tables.

	Samsung
	We also think all combinations should be support, and a bitmap based indication seems simple enough. BTW, for , we don’t need any enhancement (legacy design can be re-used), so, the bitmap should be  bits, where 

	InterDigital
	Support

	Google
	OK.

	Spreadtrum
	Support 
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