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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
· Fully-coherent CB-based precoding
· TPMI indication
· Partially-coherent CB-based precoding 
· Ng=2
· Precoder selection and TPMI indication 
· Ng=4
· Decision for supported cases of layer splitting for rank 3, 4, 5, 6 and 7 
· Precoder selection and TPMI indication
· Non-coherent CB-based precoding 
· Down-selection between support of the full set of precoders or a subset of it
· Non-CB-based precoding
· Details for legacy-based SRI indication for when with , and lmax=8
Other Topics
· Codebook subset discussion
· Down-selection from the identified alternatives
· Remaining details for support of dual CW transmission 
· Confirming the range of N values for CBG-based transmission
· Identifying remaining issues, if any
· Full power
· Discuss specification impact for Modes 1 and 2

2 CODEBOOK DESIGN FOR COHERENT 8TX UE 
Void


3 CODEBOOK DESIGN FOR PARTIALLY/NON-COHERENT UE 

	Working Assumption (#112b-e)
For partially coherent uplink precoding by an 8TX UE, Ng=2, 
· At least the following combinations of layer splitting are supported
· FFS: For rank>4, all the layers for each CW is mapped to only one antenna group
	Rank
	All layers in one Antenna Group
	Layers split across 2 Antenna Groups

	2
	(2,0), (0,2)
	· 

	2
	· 
	(1,1)

	3
	(3,0), (0,3)
	· 

	3
	· 
	(1,2), (2,1)

	4
	(4,0), (0,4)
	· 

	4
	· 
	(2,2)

	5
	· 
	(2,3), (3,2)

	6
	· 
	(3,3)

	7
	· 
	(3,4), (4,3)



Agreement (110b-e)
For codebook design of an 8TX partial-coherent UE, configured with an 8-port SRS resource
· 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}
· 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}





Based on the discussion and contributions from the last meeting, the following proposals are considered for the discussion in this meeting. 

Proposal 3.1: For partially coherent uplink precoding by an 8TX UE, Ng=2, following cases are supported
For codebook design of an 8TX partial-coherent UE, configured with an 8-port SRS resource
· For when Ng=2, 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}
· For when Ng=4, 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}


Proposal 3.2: For partially coherent uplink precoding by an 8TX UE, Ng=2, confirm the Working Assumptions with updates:
	Rank
	All layers in one Antenna Group
	Layers split across 2 Antenna Groups

	2
	(2,0), (0,2)
	· 

	2
	· 
	(1,1)

	3
	(3,0), (0,3)
	· 

	3
	· 
	(1,2), (2,1)

	4
	(4,0), (0,4)
	· 

	4
	· 
	(2,2)

	5
	· 
	(2,3), (3,2)

	6
	· 
	(3,3)

	7
	· 
	(3,4), (4,3)




Proposal 3.3: For partially coherent uplink precoding by an 8TX UE, Ng=2, when rank>4, down-select from,
· Option 1: Layers for each CW can be shuffled and mapped to either of antenna groups
· FFS CW-layer to antenna group mapping, e.g., fixed, layer scrambling, etc.
· Option 2: Layers of each CW is mapped to only a single antenna group


Table 1 - Companies’ views 
	Company
	Perspective

	vivo
	Proposal 3.1: support
Proposal 3.2: do not support, we prefer to keep (2,1) for rank3, (3,2) for rank5 and (4,3) for rank7
Proposal 3.3: support option2, we have shown there is no gain of shuffling layers of a CW and mapped to multiple antenna groups

	ZTE
	Proposal 3.1 is aligned with the majority view according to previous discussion in A.I. 9.1.4.2.
However, a similar issue was discussed in A.I. 9.1.3.2 for port index grouping for different comb offsets for 8 port SRS, and agreement was reached as shown below. 
	Agreement
For an 8-port SRS resource in a SRS resource set with usage ‘codebook’ or ‘antennaSwitching’, when the 8 ports are mapped onto one or more OFDM symbols using legacy schemes (repetition, frequency hopping, partial sounding, or a combination thereof), and when the resource is assigned with >1 comb offsets, determine the mapping from the ports to comb offsets as follows:
· If =2, ports {1000, 1002, 1004, 1006} are mapped on the first comb offset, and {1001, 1003, 1005, 1007} on the second comb offset 
· If =4, ports {1000, 1004} are mapped on the first comb offset, {1001, 1005} on the second comb offset, {1002, 1006} on the third comb offset, and {1003, 1007} on the fourth comb offset.


Therefore, we tend to prefer a same port index grouping method for 8-Tx codebook as for SRS.
That is: Alt 1 for Ng=2, and Alt 1 for Ng=4.

Proposal 3.2: Support. 

Proposal 3.3: Option 1 is preferred, or this proposal is NOT needed. To our understanding, one CW can be mapped to one or more antenna groups. Even in A.I. 9.1.4.1, STxMP UE does not support 2 CWs. So there is no need to restrict the relation between antenna port (group) and CW. If option 2 is accepted for Ng=2, it needs more discussion to determine the mapping for Ng=4. Besides the layer and CW mapping, it needs to consider how to map 4 2-port groups to the 2 CWs, e.g., whether a fixed or a flexible mapping is supported. Note that a fixed mapping may lead to a large offset of numbers of layers on CW1 and CW2, which is not aligned with the legacy rule of almost equal layer splitting among 2 CWs, 


	NTT DOCOMO
	Proposal 3.1: OK. 
Proposal 3.2: We prefer to keep those layer-split cases (i.e., to confirm the WA with no update). And the candidates of fully-coherent precoders from Rel-15 UL 4TX codebook can be reduced, to reduce the final number of 8TX precoders.
Proposal 3.3: Not support. We prefer to have no restriction between CW and the layers from each antenna group. 

	QC
	Proposal 3.1: we don’t have strong view. But prefer to follow same principle to decide port indexing for Ng=2 and Ng=4. We are OK to either select Alt 1 for both Ngs, or select Alt 3 for both Ngs. 

Proposal 3.2: Support the proposal.

Proposal 3.3: We are not sure what is the motivation/advantage to introduce “Option 2: Layers of each CW is mapped to only a single antenna group”. Hope it can be clarified by proponents of Option 2. 

	Samsung
	P3.1: support
P3.2: do not support. We fail to see any technical reason behind supporting (v1,v2) but not (v2,v1). The selection of #layers for an antenna group depends on the channel, not on the antenna group itself. So, we support to confirm the WA.
P3.3: We do not support any enhancements such as CW-layer to antenna group mapping, layer scrambling etc. (cf. FFS in Option1). In our view, the mapping between the layers and antenna groups is determined by the  value and a corresponding 8Tx precoder, which will have  layers associated with antenna group 1 and the remaining  layers associated with antenna group 2. Is this not correct? The mapping between layers and CWs is already agreed to be based on legacy DL. So, we are not sure whether there is any ambiguity left.

	NEC
	Proposal 3.1: Support.
Proposal 3.2: We also prefer to keep the red layer splitting cases.

	MediaTek
	Proposal 3.1: Support.
Proposal 3.2: Support in principle. We prefer to have similiar TPMI size for full coherent, partially coherent, and non-coherent modes. Based on the current agreements, TPMI size of full coherent CBs does not exceed 6 bits for any given rank, hence, in order to have similar TPMI size for Ng=2 in partial coherent mode with the layer splitting in proposal 3.2, codeword restrictions may need to be applied, as without any restriction Rank 2 and Rank 3 will need more than 6 bits for TPMI.
Proposal 3.3: agree with the comment made by Samsung. We are not sure the intention of this proposal. CW to layer mapping has been already agreed.


	Spreadtrum
	Proposal 3.1: OK
Proposal 3.2: Prefer to confirm the original working assumption considering the varied channel condition.
Proposal 3.3: Support option1 without limit for CW to layer mapping, while the mapping between CW to antenna group can be determined by precoder.

	Google
	Proposal 3.1:
Proposal 3.2: We think (2, 1), (3, 2) and (4, 3) could be kept. 
Proposal 3.3: Support option 1.

	OPPO
	Proposal 3.1: Support

Proposal 3.2: Support the proposal. The TPMI signaling overhead for partial coherent codebook is larger than that of full coherent and non-coherent codebook based on current design. It is proposed to remove some of the layer splits for both Ng=2 and Ng=4 for overhead reduction. The design principle for 4Tx partial coherent CB can be followed (e.g. only one layer split for each rank). 

Proposal 3.3: Not support. We think the proposal is not needed. Once the layer splits are agreed, the corresponding CW to antenna group mapping can also be determined. 

	CATT
	Proposal 3.1: 
We support to go for alt1 when Ng=4 while prefer to alt 3 when Ng=2.
Proposal 3.2:
We have shown that the probabilities of cases with all layers come from one antenna group are quite small, and the probabilities of cases where the difference between the number of layers split to the two antenna groups is no more than 1 are much higher than the other cases. 

Based on our results, the FL’s updated is supported. Besides, we figure it out that precoders with all layers come from one coherent antenna group are rarely used. Thus, we suggest the following further modifications:

Proposal 3.2: For partially coherent uplink precoding by an 8TX UE, Ng=2, confirm the Working Assumptions with updates:
	Rank
	All layers in one Antenna Group
	Layers split across 2 Antenna Groups

	2
	(2,0), (0,2) -
	· 

	2
	· 
	(1,1)

	3
	(3,0), (0,3) -
	· 

	3
	· 
	(1,2), (2,1)

	4
	(4,0), (0,4) -
	· 

	4
	· 
	(2,2)

	5
	· 
	(2,3), (3,2)

	6
	· 
	(3,3)

	7
	· 
	(3,4), (4,3)



Proposal 3.3:
Do not support. We failed to see the necessity to restrict all the layers for each CW are mapped to a single antenna group.

	Lenovo
	Proposal 3.1: Support. A benefit for the proposal is to have a consistent port numbering scheme for Ng=2 and Ng=4, making it easier to switch between different codebook for a Ng=2 UE if such feature (Proposal 4.1) is agreed later.
Proposal 3.2: Support
Proposal 3.3: To maximize the total capacity for the two codewords, it is best to group layers with similar quality (or at least not have very dissimilar qualities) into a same codeword. This makes it easier to determine the MCS for each codeword and maximize the total. In the case of Ng=2, there is no guarantee the layers transmitted from an antenna group have similar qualities. It is therefore necessary to shuffle the layers and determine which set of layers are mapped to. Therefore we support Option 1. As an example, a possible method to signal the layers mapped to each codeword for NCB-based PUSCH is to have 2 SRIs, one for each CW.

	Xiaomi
	Proposal 3.1:Support
Proposal3.2: Support in principle due to further reduce the signalling overhead.
Proposal 3.3: Support Option 1 with no restriction for the DMRS ports allocation.

	LG Electronics
	Proposal 3.1: Support
Proposal 3.2: Prefer to confirm WA.
Proposal 3.3: We think it should be applied commonly for both Ng=2 and Ng=4, if supported. For Ng=4, how to apply “Option 2: Layers of each CW is mapped to only a single antenna group” needs to be discussed.

	Nokia, NSB
	P3.1: This is related to port number assignment. Okay.
P3.2: No need to confirm without details of TPMI overheads. There might be no much overhead saving by removing some flexibility
P3.3: Option 2 shall be the default choice.

	CMCC
	Proposal 3.1: Support. In Rel-15, coherent groups of {0,2} and {1,3} are assumed for 4 Tx UL codebook design. Similar principle can be reused, {0,4},{1,5},{2,6},{3,7} correspond to four polarization antenna groups. When Ng=2, two coherent groups of {0,1,4,5} and {2,3,6,7} can be assumed, when Ng=4, four coherent groups of {0,4}, {1,5}, {2,6}, and {3,7}.

Proposal 3.2: Support. To further reduce the overhead of TPMI, one out of two symmetric combinations are enough for TPMI indication, and the mapping of antenna groups and TPMI is left to UE implementation. 

	Huawei, HiSilicon
	Proposal 3.1, we support Alt 3 for Ng=2 and Alt 2 for Ng=4. This is aligned with following layout, based on the legacy 4TX precoders. This can also be discussed after codebook is determined.
[image: C:\Users\y00325266\AppData\Roaming\eSpace_Desktop\UserData\y00835494\imagefiles\2D5D3F88-495C-4E40-B24A-C3EB8CEB7C92.png]
For 3.2, not support. The goal of pruning layer splitting is to reduce overhead. However, Proposal 3.2 still requires 10-bit overhead, which is same to support all layer splitting cases. We don’t see any benefit from the proposal and the working assumption.

For 3.3, we don’t see the reason to link CW-layer and antenna group. It has been agreed to reuse DL CW-layer mapping for PUSCH with rank>4. Take rank 5 as an example, the former 2 layers belong to the first CW, and the latter 3 layers belong to the second CW. If the layer splitting indicated by gNB is (2,3), 2 layers of the first CW are mapped to the first antenna group, and 3 layers of the second CW are mapped to the second antenna group. If the layer splitting indicated by TRP is (3,2), 2 layers of the first CW and 1 layer of the second CW are mapped to the first antenna group, and 2 layers of the second CW are mapped to the second antenna group. Such legacy mapping seems reasonable.


	Ericsson
	P3.1: Support.  

P3.2 Almost agree: removing (3,2) and (4,3) makes sense since there is less need for more precoders at ranks 5 & 7.  However, we somewhat prefer to keep (2,1) for rank 3 just to be conservative.  We have simulated both with P3.2, and with P3.2 including (2,1) for rank 3 (page 9 in R1-2305482), and we did not see a difference in performance.  However, since these are low rank precoders, they are more likely to be beneficial.  Our design based on P3.2 requires 164 precoders, while adding (2,1) gets us up to 196, which is still well within 8 bits.

P3.3: Prefer option 2, as it is simpler than Option 1, and we are not convinced of the gains of shuffling.

	IDC
	Proposal 3.1: Support.
Proposal 3.2: Support the FL proposal, which makes the layer splitting cases simplified.
Proposal 3.3: Prefer Option 2, aligned with P3.2, which minimizes the spec impact.

	Apple
	P3.1: support
We should consider the consistency of antenna port numbering in different cases, especially since we are talking about the codebook subset restriction. E.g. for fully-coherent CB, if we follow DL AP numbering, 0/4, 1/5, 2/6, 3/7 correspond to a pair of x-pol antennas. If we would like to use either Ng=2 or Ng=4 partially-coherent CB for it, we should e.g. have 0/1 in the same antenna group.

P3.2: Not support. We should discuss the signaling overhead before confirming or updating the WA. Such reduction would only be meaningful if it reduces overhead.

P3.3: Not support. We do not support either of the options, and think the existing agreement to reuse DL CW to layer mapping is sufficient already.

	
	

	
	

	
	

	
	




4. CODEBOOK CONFIGURATION ASPECTS

	Agreement (#110)
For 8TX PUSCH, at least support 
· Ng=1, 2, 4
Note: The above does not restrict the Ng for the non-coherent case

Agreement (112b-e)
[bookmark: _Hlk134171648]For codebook -based 8TX PUSCH transmission, down-select from,
· Alt1
· A fully-coherent UE (Ng =1) can be configured with precoders considered for at least one or more Ng cases, i.e., Ng =1, 2, 4, 8
· FFS which combinations of Ng value(s), to be considered
· A partially-coherent UE , with Ng =2 can be configured with precoders considered for at least one or more Ng cases, i.e., Ng =2, 4, 8
· FFS which combinations of Ng value(s), to be considered
· A partially-coherent UE , with Ng =4, can be configured with precoders considered for at least one or more  Ng cases, i.e., Ng= 4, 8
· FFS which combinations of Ng value(s), if any, to be considered
· A non-coherent UE , Ng =8, can only be configured with precoders considered for Ng = 8
· Alt2 
· A fully-coherent UE (Ng =1) can only be configured with precoders considered for one of Ng cases, i.e., Ng =1, 2, 4, 8
· FFS which Ng value(s), to be considered
· A partially-coherent UE , with Ng =2, can only be configured with precoders considered for one of Ng cases, i.e., Ng =2, 4, 8
· FFS which Ng value(s), to be considered
· A partially-coherent UE , with Ng =4, can only be configured with precoders considered for one of Ng cases, i.e., Ng =4, 8
· FFS which Ng value(s), to be considered
· A non-coherent UE , with Ng =8, can only be configured with precoders considered for Ng = 8
· FFS whether/how the configuration can be done via RRC or MAC-CE.
· Alt3
· A fully-coherent UE (Ng =1) can only be configured with precoders considered for Ng =1
· A partially-coherent UE , with Ng =2, can only use precoders considered for Ng =2
· A partially-coherent UE , with Ng =4, can only use precoders considered for Ng =4
· A non-coherent UE , with Ng =8, can only use precoders considered for Ng = 8
· Other alternatives are not precluded
Note: For an 8TX UE, Ng =8 can represent a non-coherent UE.




Based on the agreement from the last meeting, there are three alternatives for down-selection in this meeting. Based on the discussion, it seems that Alt2 may be a reasonable compromise between Alt1 and Alt3. Once, an alternative is agreed, discussion on details will be followed. 
Proposal 4.1: For codebook-based 8TX PUSCH transmission, Alt2 is supported, where 
· Alt2 
· A fully-coherent UE (Ng =1) can only be configured with precoders considered for one of Ng cases, i.e., Ng =1, 2, 4, 8
· FFS which Ng value(s), to be considered
· A partially-coherent UE, with Ng =2, can only be configured with precoders considered for one of Ng cases, i.e., Ng =2, 4, 8
· FFS which Ng value(s), to be considered
· A partially-coherent UE, with Ng =4, can only be configured with precoders considered for one of Ng cases, i.e., Ng =4, 8
· FFS which Ng value(s), to be considered
· A non-coherent UE, with Ng =8, can only be configured with precoders considered for Ng = 8
· FFS whether/how the configuration can be done via RRC or MAC-CE.

Over the last several meetings, companies have discussed configuration aspect related to the 8TX UE. One relevant aspect is whether a UE with a higher coherence capability can also support transmission associated with lower coherency. Therefore, Proposal 4.2 is intended to resolve this issue. It should be noted that Proposal 4.2 does not have any overlap or conflict with proposal 4.1.
[bookmark: _Hlk134176800]Proposal 4.2: For an 8TX UE, down-select from
· Option 1 – Subject to its capability, an 8TX UE may report more than one Ng value as part of its UE capability. Based on which, gNB may select and configure UE with one of supported Ng values.
· Option 2 – An 8TX UE may report only a single Ng value as part of its UE capability. No RRC configuration is needed.

Table 2 - Companies’ views 
	Company
	Perspective

	vivo
	Proposal 4.1: support the FL proposal
Proposal 4.2: the proposal could be misunderstood as the UE is configured with a Ng value. In our view, the UE reports one coherence capability, i.e., one Ng value. The UE can be configured with a codebook subset corresponding to lower coherence capability.

	ZTE
	Proposal 4.1: Not support. Among the three Alts, Alt1 is the best based on the following analysis.
· Alt3 supports only one value of Ng for precoder selection and cannot be updated or changed via RRC configuration, MAC CE or DCI. It is too restrictive and not preferred. 
· Alt2 supports one value of Ng for precoder selection, and can be updated or changed via RRC or MAC CE. RRC configuring one Ng is not good because of large delay for updating. MAC CE updating can be acceptable, but needs a design for a new MAC CE. 
· Alt1 is most flexible. On one aspect, one or more values of Ng can be configured for precoder selection which reduce the number of precoder candidates for precoder indication in DCI. E.g., for full coherent UE, Ng=1 and 2 are configured for precoder selection. The number of precoders can be greatly reduced compared with legacy nested structure, while flexibility to select precoders of more than one Ng still remains. NW can update a proper subset of Ng for a UE based on long-term evaluation. One another aspect, indication of Ng for precoder indication in a DCI can be based on the configured subset of Ng. The overhead of indication of Ng can be reduced. Structure of rank and TPMI field can be based on the value of indicated Ng. 

Proposal 4.2: Not support. Regarding UE capability report, we prefer UE to report one or more supported Ng values, then gNB can configure one or more Ng values with subjective to UE capabilities. 


	NTT DOCOMO
	Proposal 4.1: support. We’re fine to go with Alt2.
More details for Alt2:
· For a partially-coherent UE with Ng=4, support Ng=4, 8 for the considered Ng cases.
· For a partially-coherent UE with Ng=2, at least support Ng=2, 8 for the considered Ng cases. Open for Ng=4 case.
· For a fully-coherent UE, at least support Ng=1,2,8 for the considered Ng cases. Open for Ng=4 case.

Proposal 4.2: Not support.
In our views, additional UE capability is not needed at least for codebook subset configuration of non-coherent precoders. So a fully-coherent UE or partially-coherent UE with Ng=2 or Ng=4 can be configured with non-coherent precoders without additional UE capability.

	QC
	Proposal 4.1: We don’t support Alt 2 which fully based on gNB configuration/signal of UE codebook. We prefer Alt 1 which follows Rel-15 principle. To deal with too large codebook size with Alt 1, we can simplify Alt 1 by allowing only one additional Ng, which is Ng=8. In our understand, the main motivation for this codebook subset restriction is avoid power waste in case of hand-blockage. Allowing an additional noncoherent codebook for each Ng (Ng=1, or 2, or 4) can serve the purpose of avoid power waste every well. 

Proposal 4.2: In our understanding, the discussion of proposal 4.2 heavily depends on the outcome of proposal 4.1. if Alt 1 is selected for 4.1, then option 2 is good enough for UE capability reporting. 

	Samsung
	P4.1: OK. But, this proposal perhaps can wait until we finalize CB design. At this point, we have no idea about the size of the codebook for each Ng values. Without which, we can’t down-select to one. If the final codebook turns out to be of moderate size (e.g. up to max 8bits), then we can support Alt1. Else (when the codebook is too big, e.g. >10bits), then Alt2 makes more sense. 

P4.2: Option 2 is too restrictive if it implies that antenna selection precoders (Ng=8) can’t be configured to FC or PC UEs. At least NC precoders should be supported by all UE coherence types without any separate UE capability reporting (in addition to the UE coherence reporting). So, the need for UE capability reporting should be restricted to Ng=1,2,4. This is reflected in P4.2.a.

Proposal 4.2a: For an 8TX UE, the configured codebook can include NC precoders (Ng=8); and down-select from
· Option 1 – Subject to its capability, an 8TX UE may report more than one Ng value as part of its UE capability. Based on which, gNB may select and configure an UL codebook UE with one or multiple of supported Ng values.
· A FC UE can report Ng=1 and at least one value from {2,4}
· A PC UE with Ng=2, down-select 
· Alt1-1: can report Ng=(2,4)
· Alt1-2: can’t report Ng=4 
· Option 2 – An 8TX UE may report only a single Ng value as part of its UE capability. No RRC configuration (for the codebook) is needed.


Proposal 4.2: For an 8TX UE, down-select from
· Option 1 – Subject to its capability, an 8TX UE may report more than one Ng value as part of its UE capability. Based on which, gNB may select and configure an UL codebook UE with one or multiple of supported Ng values.
· A FC UE can report Ng=1 and at least one value from {2,4,8}
· A PC UE with Ng=2, down-select 
· Alt1-1: can report Ng=2 and at least one value from {4,8}
· Alt1-2: can report Ng=(2,8), i.e., can’t report Ng=4 
· A PC UE with Ng=4 can report Ng=(4,8)
· Option 2 – An 8TX UE may report only a single Ng value as part of its UE capability. No RRC configuration (for the codebook) is needed.


	NEC
	Proposal 4.1: We prefer Alt 1. And based on Alt 1, we can further restrict the configuration. At least for full and partial coherent UE, non-coherent precoders should be supported, and besides non-coherent precoder, we think up to 1 configuration of Ng can be supported. For example, 
For full coherent UE, support Ng=1 and Ng=8, and support one of Ng=2 or Ng=4. 
For partial coherent UE with Ng=4, support Ng=4 and Ng=8.
For partial coherent UE with Ng=2, support Ng=2 and Ng=8, and FFS on whether to further support Ng =4.
Proposal 4.2: We also prefer UE reports one capability. And RRC can further configures more than one value based on proposal 4.1.

	MediaTek
	Proposal 4.1: Support. 
Proposal 4.2: Support Option 2 

	Spreadtrum
	Proposal 4.1: From the perspective of compatibility with legacy configuration principle and the flexibility, we support Alt1. 
Proposal 4.2: When the precoders for more than one Ng cases are configured, an indication can be used for precoder selection of one Ng value.

	Google
	Proposal 4.1: We also think Alt1 is better than Alt2.
Proposal 4.2: It seems the proposal depends on the outcome of proposal 4.1. 

	OPPO
	Proposal 4.1: Support Alt.2 considering the TPMI size based on current codebook design especially for partial coherent codebook (maybe more than 10bits).

Proposal 4.2: We can further discuss this issue when proposal 4.1 is agreed. Basically, we think current UE capability for codebook coherency subset type can be extended to support 8Tx CB.
 

	CATT
	Proposal 4.1: 
Not Support. We prefer to extend the legacy Rel-15 scheme to the Rel-18 8TX design thus Alt1 is supported which aligns with all the scenarios.

Proposal 4.2:
We prefer that UE can have the basic capabilities while other cases are optional. For each of the cases, following basis capabilities should be supported: 
For fully-coherent UEs (Ng =1):
· One Ng cases from Ng = 1,2, 4,8, i.e. (1), (2), (4), (8);
For partially-coherent UEs with Ng =2:
· One Ng cases from Ng = 2, 4,8, i.e. (2), (4), (8);
For partially-coherent UEs with Ng =4:
· One Ng cases from Ng =  4,8, i.e. (4), (8);
For non-coherent UEs with Ng =8:Ng=8.

	Lenovo
	Proposal 4.1: Do not support at this time. To require a UE to support multiple codebooks, even not at the same time, increases the UE complexity. This should be discussed after all the codebooks have been finalized so the benefit for configuring different codebooks for a particular type of UE can be analyzed and compared. 

Proposal 4.2: Do not support at this time. It is not clear, at this time, whether to report a Ng value is the same as supporting one or multiple codebooks. This depends on the outcome of Proposal 4.1.The Ng value and the codebooks supported could be two separate capabilities if Proposal 4.1 is agreed on. We need to decide on Proposal 4.1 first. 

	Xiaomi
	Proposal 4.1: Not support. We prefer Alt.1 with the legacy mechanism to be applied to different scenarios.
Proposal 4.2: Support Option 2 for the reporting based on Alt.1.

	LG Electronics
	Proposal 4.1: Support with MAC-CE based switching. We fine with Alt.1.
Proposal 4.2: Agree with QC that it depends on the discussion of proposal 4.1. Thus, it could be discussed after agree on proposal 4.1. 

	Nokia, NSB
	P4.1 and P4.2 are quite related. 
P4.1: for full-coherent UE, if it can only be configured with one of Ng, what’s the reason that we shall downgrade the fully coherent UE with configuration other than Ng=1?  This question is also applied to Ng=2 and Ng=4 cases.

P4.2: Option 1


	CMCC
	Proposal 4.1: Not support. This flexibility of codebook subset indication could be kept for 8TX UE. For example, for a full-coherent UE, the channel condition of different antenna ports may be various, and partial-coherent codebook may have better performance. To consider the overhead of TPMI for 8Tx, the combinations of Ng value(s) can be configured by RRC.

	Huawei, HiSilicon
	Proposal 4.1, we prefer Alt.1 to reuse legacy principle.
Proposal 4.2, the options should depend on the decision of proposal 4.1.

	Ericsson
	P4.1: Do not support.  We think that nesting different coherence precoders has 4 potential benefits: UE power saving (by turning off ports), ability to fall back to lower coherence (when SRS is not transmitted recently enough), support for directional antennas, and improved performance by selection diversity.  In simulation, we did not find the selection diversity gains, and often found that the large increase in precoders from partially coherent operation did not improve performance.  Therefore, we think we can focus on non-coherent precoders for nested operation, since they can provide the benefits for power saving, coherence fallback, and directional antennas.  Partial coherent precoders can be further studied and added if found beneficial.  We suggestion addressing at least the fully coherent UE case with the following.  Partial coherence can be handled similarly.

· Alt1a
· A fully-coherent UE (Ng =1) can be configured with precoders considered for at least one or more Ng cases, i.e., Ng =1, 2, 4, 8
· At least Ng=1 and Ng=8 can be configured together
· FFS: combinations of Ng=1 with Ng=2 and/or Ng=4

We simulated various 7 bit FC+NC codebook designs in (R1-2305482 section 2.1.3), and we found good performance with both 16 and 32 NC precoders.  Therefore, nested codebooks do not need to be large.

P4.2: Similar view with QC and SS comments that this depends on P4.1.  If Alt1 or Alt1a above is agreeable, then P4.2 Option 2 seems to be enough. 

	IDC
	Proposal 4.1: Support, since Alt3 is too restrictive and Alt1 may have complicate cases, e.g., mixed codebooks from Ng=1 and other Ng for partially-coherent precoders may co-exist, which is not desired in terms of spec impacts.
Proposal 4.2: Support, slightly preferring to Option 1 where gNB can configure one Ng value among the candidate Ng values based on UE capability reporting.

	Apple
	P4.1: we prefer Alt 1 at least to allow the configuration of one additional Ng value. But we would like to emphasize that regardless of Alt 1 or Alt 2, the configuration should be subject to UE capability, as discussed in P4.2.

P4.2: we prefer Alt 1. We do not think it is reasonable to assume a UE supporting Ng=1 automatically supports Ng=2 and 4, considering the additional complexity. Therefore this should be reported by a UE. We are fine to assume all the UEs support non-coherent CB.

	
	

	
	





5. SUPPORT OF TWO CODEWORDS

	Agreement
To support dual CW PUSCH operation by an 8TX UE, if CBG-based transmission is configured, the DL principle for CBGTI DCI field is reused where,
· The first half of CBGTI field bits is used to indicate the transmission state of CBGs of the first transport block, while the second half of CBGTI field bits is used to indicate the transmission state of CBGs of the second transport block.
· [bookmark: _Hlk134176967][bookmark: _Hlk134176923]The bit field may be configured to have a length of N bits that can support operation of N/2 CBGs , where N=[2, 4, 6 or 8].




In the last meeting, support of CBG-based transmssion for dual CW PUSCH transmission was agreed, however the range of values for the CBGTI bit field was left for confirmation in this meeting.

Proposal 5.1: To support CBG-based transmission for dual CW PUSCH operation, the range N=[2, 4, 6 or 8] is confirmed for the CBGTI bit field.
 
Support of CG PUSCH transmission has been proposed by several companies. Given the limited time left for completion of Rel-18, a decision on this topic needs to be made in this meeting.

Proposal 5.2: 
[bookmark: _Hlk134197550]Version A: Support CG for dual CW PUSCH transmission by an 8TX UE,
· For Type-1 CG: A second mcsAndTBS parameters is configured in rrc-ConfiguredUplinkGrant
· For Type-2 CG: A second MCS field is added in DCI format activating a Type-2 CG-PUSCH
Version B: For dual CW PUSCH transmission by an 8TX UE, there is no consensus to support CG transmission.

Table 3 - Companies’ views 
	Company
	Perspective

	vivo
	Proposal 5.1: support the FL proposal
Proposal 5.2: we are fine with version B

	ZTE
	Proposal 5.1: Support. 
Proposal 5.2: Support version A. In technical, it seems that the reason of precluding this CG cases for 8-Tx operation have not been identified after reviewing companies input. 

In addition, according to TS 38.214, MCS value is provided in a DCI activating a configured grant Type 2 PUSCH, or provided by mcsAndTBS parameter for a configured grant Type 1 PUSCH, and the higher layer parameter repK-RV defines the redundancy version pattern to be applied to the PUSCH repetitions with a Type 1 or Type 2 configured grant. Hence, whether RV sequence parameter (repK-RV) is commonly or individually configured to two codewords should be considered. We suggest to add the following as FFS part in the proposal 5.2:
Proposal 5.2: 
Version A: Support CG for dual CW PUSCH transmission by an 8TX UE,
· For Type-1 CG: A second mcsAndTBS parameters is configured in rrc-ConfiguredUplinkGrant
· For Type-2 CG: A second MCS field is added in DCI format activating a Type-2 CG-PUSCH
· FFS: Whether RV sequence parameter (repK-RV) is commonly or individually configured to two codewords. 


	NTT DOCOMO
	Proposal 5.1: support.
Proposal 5.2: Support version A generally. For Type-2 CG, we think the special fields setting with second fields of MCS/NDI/RV for Type-2 CG-PUSCH activation and release should be discussed.

	QC
	Proposal 5.1: Support the proposal.

Proposal 5.2: Support version A. We are not sure what is the justification to exclude CG-PUSCH for 2CW PUSCH. Also, according to Rel-18 MIMO WID and previous RAN1 agreements we made, our understanding the scope of 2CW includes both DG and CG PUSCH. 

	Samsung
	P5.1: support

	NEC
	Proposal 5.1: Support.
Proposal 5.2: Support version A.

	MediaTek
	Proposal 5.1: Support.
Proposal 5.2: Support version A.

	Spreadtrum
	Proposal 5.1: Support
Proposal 5.2: Support version A.

	Google
	Proposal 5.1: OK
Proposal 5.2: For version A, we think only DCI format 0_1 and 0_2 should be considered. Others should be precluded.

	OPPO
	Proposal 5.1: Support.
Proposal 5.2: Support version A.

	CATT
	Proposal 5.2:
Support version A.

	Lenovo
	Proposal 5.1: support
Proposal 5.2: Support version A.  

	Xiaomi
	Proposal 5.1: support.
Proposal 5.2: we support Version A. 

	LG Electronics
	Proposal 5.1: Support
Proposal 5.2: Support version A.

	Nokia, NSB
	P5.1: okay
P5.2: Version A can be supported.


	Huawei, HiSilicon
	Proposal 5.1, we are fine with it.
Proposal 5.2, we support version A.

	Ericsson
	P5.1: OK

P5.2:  Do not support. While the use cases and performance benefits for rank 5+ transmission are not really clear, we are not opposed to using CG PUSCH for 8 Tx if it can be done in a simple way. Our main concern is the continued ‘feature creep’ of 8 Tx, where we keep adding more functionality while the basic codebook designs are still not stable.  We are concerned that specifying support for 8 Tx UL MIMO with configured grant operation may be non-trivial, at least where two codewords are to be supported, and in more advanced configurations such as those in Rel-16.  We think discussion of support for configured grant operation can be deferred until dynamic grant operation for 8 Tx is stable. At that time, we can consider specification impacts for the support of CG including those of multiple codewords.

	IDC
	Proposal 5.1: OK to confirm it.
Proposal 5.2: Support version A.

	Apple
	P5.1: OK
P5.2: OK with version A. It would be good if Ericsson can clarify what additional complexity might be there.

	
	

	
	



6. FULL POWER OPERATION

	Agreement
Framework for full power PUSCH transmission by an 8TX UE 
· To support full power transmission with Mode0, Rel-16 Mode0 (fullPower ) is re-used.
· FFS if any change is required in the specifications.
· Working Assumption To support full power transmission with Mode1, Rel-16 Mode1 (fullPowerMode1) is re-used.
· FFS if more than one of the 8TX full coherent precoders is used per rank. 
· Working Assumption To support full power transmission with Mode2, Rel-16 Mode2 (fullPowerMode2) is re-used.
· FFS definition of precoder groups (G0, G1, …)
· FFS enhancements for SRS configuration 




Since the design of the full-coherent precoder is near complete, support of full power transmission using Rel-16 Mode1 can be agreed. As for support of Mode2, first at least one PA architecture needs to be agreed. Based on the discussions in the last several meetings, following proposal can be considered. 

[bookmark: _Hlk134190574]Proposal 6.1: For full power PUSCH transmission by an 8TX UE, confirm the Working Assumptions with updates:
· To support full power transmission with Mode1, Rel-16 Mode1 (fullPowerMode1) is re-used.
· FFS if more than one of the 8TX full coherent precoders is used per rank. 
· To support full power transmission with Mode2, Rel-16 Mode2 (fullPowerMode2) is re-used. 
· At least the PA powers per TX chain of [-3 -3 -3 -3 -3 -3 -3 -3] dB relative to their power class is considered for 
· definition of precoder groups (G0, G1, …)
· identifying enhancements for SRS configuration 

Table 4 - Companies’ views 
	Company
	Perspective

	vivo
	We are open to discuss this proposal. For the proposed PA architecture of “[-3 -3 -3 -3 -3 -3 -3 -3] dB relative to their power class”, it seems like only non-coherent precoders cannot achieve full power transmission. For partial coherent with Ng=2 and 4, all the precoders for all ranks can achieve full power transmission with scaling factor s=1?

	ZTE
	Proposal 6.1: 
For mode 1, as less full coherent precoders as possible can be determined later when codebook design is completed. So, we can support the first bullet for mode 1 part.
For mode 2, if adopting full power precoder groups such as G0, G1, ... like in Rel-16, it would cause huge spec efforts to list possible precoders for a group due to large number of precoders for 8-Tx. How to define new percoder group can be discussed later when codebook design is completed. But full power PA architecture should be discussed and determined as early as possible. There are 6 PA assumptions for Rel-16 full power mode 2 for 4 ports. Although 8 ports are more than 4 ports in Rel-16, the total number of full power PA architectures does not need to be much larger, e.g., <=8. So we can accept to confirm the working assumption for the second bullet, but prefer to keep the original FFS as follows. 
· FFS definition of precoder groups (G0, G1, …)
· FFS enhancements for SRS configuration 
On whether [-3 -3 -3 -3 -3 -3 -3 -3] dB relative to their power class is considered, we suggest not to only discuss the isolated PA architecture, but to discuss and determine all possible PA architecture for full power, with limitation of number of candidate PA architectures, e.g., less than 8. Note that it was discussed and agreed to study or consider some types of PA architectures, so we still need to reconsider which types can be agreed for full power mode 2 for 8Tx PUSCH. 

	NTT DOCOMO
	Proposal 6.1: agree with the two main bullets. For sub-bullets, we have following comments.
For full power mode 1, we need to discuss the number of supported fully-coherent precoders for each rank separately for codebook subset configuration of partially-coherent precoders with Ng=2, partially-coherent precoders with Ng=4, or non-coherent precoders.

For full power mode 2, we agree with ZTE’s comment to discuss it later when codebook design is complete. In addition, we need to consider the precoder groups separately for different identified PA architectures.

	QC
	Proposal 6.1: We don’t see the urgency to discuss “PA powers per TX chain of [-3 -3 -3 -3 -3 -3 -3 -3] dB” for full power mode 2. Anyway, the definition of precoder groups (G0, G1, …) is a complicated issue to solve. What kind of PAs mode 2 can support could be discussed when RAN1 is ready to discuss that issue, after full coherent and partial coherent codebook are finalized. 
For full power mode 1, given it is implemented via S-CDD, we don’t see the necessity to introduce more than 1 full coherent precoder per rank. 

	Samsung
	P6.1: same view as other companies, we should first try to finalize the CB, and then this proposal, in particular the sub-bullets, can be discussed. 

Regarding the PA architectures, based on the discuss this far, it is challenging to prioritize a small number of candidates TPMI group indication. Perhaps, we can first agree to a few values, e.g. four candidate values {0, -3, -6, -9} for each PA, and then, similar to Rel.16, the following groups can be further discussed.
· UE cap 2: no full-rated PA
· H1: all {-3}
· H2: all {-6}
· H3: all {-9}
· H4: combinations of {-3, -6}
· H5: combinations of {-6, -9}
· H6: combinations of {-3, -9}
· H7: combinations of {-3, -6, -9}
· UE cap 3: at least one full-rated PA
· G1: one {0} and 7 from {-3,-6,-9}
· G2: two {0} and 6 from {-3,-6,-9}
· …
· G7: 7 {0} and 1 from {-3,-6,-9}

	Spreadtrum
	Proposal 6.1: Support the proposal for full power mode1 to introduce a smaller number of 8TX full power precoders.

	Google
	Proposal 6.1: Support in principle. But we do not have many meetings left for R18 MIMO. It is also ok to us to preclude mode 1 and mode 2.

	OPPO
	Proposal 6.1: We are fine with the Full power Mode1 part. We can select at least one full-coherent precoder for mode 1 for each rank. 
For Mode 2, we have similar view as many companies that hug standardization effort is needed. RAN1 needs to decide the supported PA architectures first, and then define the corresponding precoder groups. This work can only be discussed after the codebook design is finalized. Considered the number of possible PA architectures and corresponding precoders are significantly larger than 4Tx, we are not sure whether it can be finished in two meetings. 
We propose to confirm Full power mode 1 part first. 

	CATT
	Proposal 6.1: 
It is our view that the working assumptions and the associated details can be postponed since the designs of full power transmission Mode1 and Mode2 are highly related to the codebook design. Whether they are supported and the details (if supported) can be discussed after the codebook design for UL 8TX transmission are completed.

	Lenovo
	Proposal 6.1:   We support the two main bullets. The sub-bullets need to be discussed. 
· For full power Mode 1, we do not believe the FFS is necessary. When a full coherent UE uses full the coherent codebook,  every codeword for every rank is transmitted with full power. There is really no need to define full power mode 0,1 or 2 for a full coherent UE. 
For full power Mode 2, we agree with ZTE to discuss it later after the codebook is finalized. 

	LG Electronics
	Proposal 6.1 : We are ok with update for the first bullet. For the second bullet, we have the same view as other companies, it could be discussed after finalizing the CB.

	Nokia, NSB
	More details on Mode 1 and Mode 2 shall be provided to make progress. WE can confirm the WA.

	CMCC
	For fullpowerMode1 enhancement, when TPMIs for 8 TX UL transmission is designed, the new codebook subset of TPMIs that can be used for UL full power transmission can be discussed, at least one full coherent precoder per rank is selected for full power transmission.
For fullpowerMode2 enhancement based on antenna virtualization, regardless of UE’s PA architecture, if the enhancements for SRS configuration is supported, then full power transmission is enabled for 8TX UE. So, we suggest to modify the proposal as follows.
Proposal 6.1: For full power PUSCH transmission by an 8TX UE, confirm the Working Assumptions with updates:
· To support full power transmission with Mode1, Rel-16 Mode1 (fullPowerMode1) is re-used.
· FFS if more than one of the 8TX full coherent precoders is used per rank. 
· To support full power transmission with Mode2, Rel-16 Mode2 (fullPowerMode2) is re-used. 
· identifying enhancements for SRS configuration 
· At least the PA powers per TX chain of [-3 -3 -3 -3 -3 -3 -3 -3] dB relative to their power class is considered for 
· definition of precoder groups (G0, G1, …)


	Huawei, HiSilicon
	We prefer to discuss full mode 1 and 2 after the CB is finalized.

	Ericsson
	While a good direction, do not yet support.  Bullet for Mode 1 is OK although I’m not sure why more than one precoder per rank is needed.  For Mode 2, it’s not clear to me why the focus is only on of [-3 -3 -3 -3 -3 -3 -3 -3].  We would be OK to adding it as another PA configuration to be used in the design, but don’t think it’s essential.  All of modes 0, 1, 2 (both SRI based and FP TPMI based) can be supported with the PA configurations agreed for study.  We suggest the following as a starting point (Mode 0 is already in good shape; no need to refine it at this stage):
· Full power mode 1 can be configured with at most one TPMI per each of ranks 1-8.
· Full power mode 2 with full power TPMIs can be configured with at most one TPMI per each of ranks 1-8.
· Full power mode 2 with multiple SRS resources can be configured with one or more of 1, 2, 4, or 8 SRS port resources in an SRS resource set


	IDC
	Support Proposal 6.1, with Mode1 to be reused from Rel-16. We are okay to consider the PA architecture to make a progress on Mode2 as well.

	Apple
	We also prefer to discuss full power mode 1 and 2 after CB design is done. Especially for mode 2, it is a significant amount of work to identify the PA architectures an define the groups. Considering that we only have two meetings left, we should definitely prioritize the basic design instead of spending too much time on full power mode at this stage.

	
	

	
	

	
	




7. TRI/SRI/TPMI INDICATION FOR CODEBOOK UL TRANSMISSION

	Conclusion
[bookmark: _Hlk134197504]For fully coherent uplink precoding by an 8TX UE, based on NR Rel-15 single panel DL Type I codebook (CodebookMode=1), there is no consensus to support any optional over-sampling ratio.





	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

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



The design of fully-coherent precoder based on Rel-15 DL codebook was concluded. Based on the agreed codebook and (N1, N2) and (O1, O2) values, precoder indication can now be discussed.

Proposal 7.1: For PUSCH transmission by an 8TX UE, support the following tables for indication of full-coherent precoders, 
· For (N1,N2)=(4, 1) 
	[bookmark: _Hlk134187887]Index
	Rank
	
	
	
	

	0-15
	1
	{0, 1, 2, 3}
	{0}

	-
	{0, 1, 2, 3}

	16-47
	2
	
	
	{0, 1, 2, 3}
	{0, 1}

	48-71
	3
	
	
	{0, 1, 2}
	

	72-95
	4
	
	
	
	

	96-103
	5
	
	
	-
	

	104-111
	6
	
	
	
	

	112-115
	7
	{0, 1}
	
	
	

	116-119
	8
	{0, 1}
	
	
	


· For (N1,N2)=(2, 2) 
	[bookmark: _Hlk134188559]Index
	Rank
	
	
	
	

	0-15
	1
	{0, 1}
	{0, 1}
	-
	{0, 1, 2, 3}

	16-47
	2
	
	
	{0, 1, 2, 3}
	{0, 1}

	48-71
	3
	
	
	{0, 1, 2}
	

	72-95
	4
	
	
	
	

	96-103
	5
	
	
	-
	

	104-111
	6
	
	
	
	

	112-119
	7
	
	
	
	

	120-127
	8
	
	
	
	


Note: The indexing may be further refined by the editor. 
Table 5 - Companies’ views 
	Company
	Perspective

	vivo
	In principle we support the TPMI indexing scheme. For UEs supporting rank>4, the second CW is enabled/disabled using combination of IMCS and rvid, which means indicated rank could be either <=4 or >4 at a given instance, which in turn means there is at least 1 redundant bit in TPMI bit field when the second CW is enabled. In order to save overall DCI overhead this redundant bit can be used to indicate second NDI.

	ZTE
	Support.
To our understanding, the index can be increased first for i2, then i1, 3, i1,2, and i1,1.

	NTT DOCOMO
	In principle we support the joint indication of TRI and TPMI for fully-coherent precoders. We’re okay to leave the detailed indexing to editor.

	QC
	We have similar view as DCM. The formatting of the table and the indexing of the precoders can be up to editor. 

	Samsung
	P7.1: this issue is editorial, hence can be left to the editor. 

	NEC
	Fine with the proposal.

	MediaTek
	Support in principle. Agree with comment made by DOCOMO details of the table can be left to the editor.  

	Spreadtrum
	OK and agree with DCM.

	Google
	We are not sure how to interpret each index for this table. Is it correct that we determine the index based on the order of i1,1, i1,2, i1,3 and i2?

	OPPO
	We think we only need to agree on indication of {i1_1, i1_2, i1_3, i2}, and further detail can be up to editor. Furthermore, we propose to postpone this discussion until issue 4 is finalized. If CBs for different coherency can be configured to UE simultaneously, a unified TPMI signaling is expected. 

	CATT
	Proposal 7.1:
We prefer to work on the TPMI/TRI indication schemes for different Ng values before discussing indexing table. We agree with OPPO to postpone this discussion. Still, agree with DCM to leave such details to editor.

	Lenovo
	We agree with DOCOMO to leave the detailed order to the editor. 

	Xiaomi
	Similar view as DCM. Joint indication of TRI and TPMI is preferred.

	LG Electronics
	Agree with DCM and QC that how to capture the codebook is upto editor of TS38.211. 

	Nokia, NSB
	There are two codebook Modes in DL Type I CB design. The underline proposal is following codebookMode=1; but there is also codebookMode=2 in the spec. The proposal is okay with us.

Do not agree to leave the details to the editor. RAN1 needs to agree on the TPMI definitions.

	CMCC
	Proposal 7.1: First two columns are enough for TPMI indication. 
The TPMI overhead is 7 bits for (N1, N2) = (2, 2) and (N1, N2) = (4, 1) values. Based on the DL codebook in TS 38.214, the UL precoders for 8 TX UE can be obtained by traversing all the values of , , , , and the mapping between precoder and TPMI can be left to editor.

	Huawei, HiSilicon
	We have similar view with DCM, QC, Samsung and other companies that the detailed indication can be up to editor.
We agree with Vivo that there’s one redundant bit because whether one or two CWs is enabled implies rank >4 or rank<=4. This can be used to reduce DCI overhead. In this way, we can totally reuse DL indication of rank and TPMI with separate parts of the field using 7 bits.

	Ericsson
	Do not support.  While we agree that TPMI & TRI should be jointly signalled, we also agree with other companies that the TPMI indication in DCI should be discussed separately from the codebook design.  We are OK in principle with identifying FC precoders using the  parameters e.g. in agreements describing the codebook, but how these should be captured in specification as part of a codebook can probably be left to the editor.

Also, we think a 7 bit nested NC+FC should be supported, and so this proposal seems to depend on P4.1.

Can we instead agree to the following?

Proposal:
· 8 Tx codebooks for up to rank 8 that contain FC precoders have no more than 128 precoders

	IDC
	Support the principle from Proposal 7.1 to be agreed, although further details on how to specify it may be elaborated by the editor.

	Apple
	We prefer separate indication of TRI and TPMI for simplicity, but we can accept the joint indication given that that is majority view.
However, we prefer not to over-optimize. The number of FC precoders is already smaller than the number of PC precoders for Ng=2 or 4. It is questionable whether there is a need to further reduce the field size given that it is already smaller than other cases.

	
	



8. SRS CONFIGURATION
Void



9. FEATURE-LEAD PROPOSALS FOR APPROVAL

9.1. ROUND 1 


9.2. ROUND 2 


9.3. ROUND 3




10. LIST OF COMPANIES’ PROPOSALS

11. RAN1 AGREEMENTS FOR SUB-AGENDA 9.1.4.2
	RAN1 Meeting #112b-e
Conclusion
For fully coherent uplink precoding by an 8TX UE, based on NR Rel-15 single panel DL Type I codebook (CodebookMode=1), there is no consensus to support any optional over-sampling ratio.

Working Assumption
For partially coherent uplink precoding by an 8TX UE, Ng=2, 
· At least the following combinations of layer splitting are supported
· FFS: For rank>4, all the layers for each CW is mapped to only one antenna group
	Rank
	All layers in one Antenna Group
	Layers split across 2 Antenna Groups

	2
	(2,0), (0,2)
	· 

	2
	· 
	(1,1)

	3
	(3,0), (0,3)
	· 

	3
	· 
	(1,2), (2,1)

	4
	(4,0), (0,4)
	· 

	4
	· 
	(2,2)

	5
	· 
	(2,3), (3,2)

	6
	· 
	(3,3)

	7
	· 
	(3,4), (4,3)



Agreement
To configure PUSCH transmission by an 8TX UE, 
· Alt2: Max number of MIMO layers is RRC configured by extending the range of the legacy parameter maxRank and maxMIMO-Layers to 8

Agreement
To support dual CW PUSCH operation by an 8TX UE, if CBG-based transmission is configured, the DL principle for CBGTI DCI field is reused where,
· The first half of CBGTI field bits is used to indicate the transmission state of CBGs of the first transport block, while the second half of CBGTI field bits is used to indicate the transmission state of CBGs of the second transport block.
· The bit field may be configured to have a length of N bits that can support operation of N/2 CBGs , where N=[2, 4, 6 or 8].

Agreement
Framework for full power PUSCH transmission by an 8TX UE 
· To support full power transmission with Mode0, Rel-16 Mode0 (fullPower ) is re-used.
· FFS if any change is required in the specifications.
· Working Assumption To support full power transmission with Mode1, Rel-16 Mode1 (fullPowerMode1) is re-used.
· FFS if more than one of the 8TX full coherent precoders is used per rank. 
· Working Assumption To support full power transmission with Mode2, Rel-16 Mode2 (fullPowerMode2) is re-used.
· FFS definition of precoder groups (G0, G1, …)
· FFS enhancements for SRS configuration 

Agreement
For 8TX UE supporting dual CW PUSCH (Maximum number of layers configured for the UE is larger than 4) 
· Alt1 – DL principle is reused for disabling transmission of a transport block, where
· The combination of IMCS = 26 and rvid = 1 indicated for a CW is used as an indication to disable (when transmission rank<=4) transmission of its corresponding TB
· The enabled transport block is mapped to the first CW.
· Note: When the transmission of a transport block is disabled, the number of layers is ≤ 4.
· Note: the first CW refers to the enabled CW.

Agreement
For partially coherent uplink precoding by an 8TX UE codebook, Ng=4, Alt1 is supported where
· Precoding design is based on Rel-15 UL 2TX codebook, 
· Full-coherent precoders are used
· Further study codebook size reduction

Agreement
For partially coherent uplink precoding by an 8TX UE codebook, Ng=4, 
· The following rank and layer splitting cases are supported,
	Rank
	All layers in one Antenna Group
	Layers split across 4 Antenna Groups

	1
	(1,0,0,0), (0,1,0,0), (0,0,1,0), (0,0,0,1)
	·  

	2
	(2,0,0,0), (0,2,0,0), (0,0,2,0), (0,0,0,2)
	·  

	2
	· 
	Transmission by 2 of the 4 antenna groups:
(1,1,0,0), (1,0,1,0), (1,0,0,1)
(0,1,1,0), (0,1,0,1), (0,0,1,1)

	4
	·  
	(1,1,1,1)

	4
	· 
	Transmission by 2 of the 4 antenna groups:
(2,2,0,0), (2,0,2,0), (2,0,0,2)
(0,2,2,0), (0,2,0,2), (0,0,2,2)

	8
	·  
	(2, 2, 2, 2)


Note: Above is not relevant to how precoders are indicated.

Agreement
For non-coherent uplink precoding with rank≤8 by an 8TX UE, down-select from
· Alt1. – All 255 combinations from 8 non-coherent rank1 precoders are supported
· Alt2. – Only a subset of Alt1. is supported, striving for a substantial reduction in the number of precoders

Agreement
For partially coherent uplink precoding by an 8TX UE codebook, Ng=4, 
· In addition to the previously agreed cases, down-select from the rank and layer splitting cases listed below 
	Rank
	All layers in one Antenna Group
	Layers split across 4 Antenna Groups
(All possible permutations)

	3
	· 
	Transmission by 2 of the 4 antenna groups:
(2,1,0,0), (2,0,1,0), (2,0,0,1), (0,2,1,0), (0,2,0,1), (0,0,2,1),
(1,2,0,0), (1,0,2,0), (1,0,0,2), (0,1,2,0), (0,1,0,2), (0,0,1,2)
 
Transmission by 3 of the 4 antenna groups:
(1,1,1,0), (1,1,0,1), (1,0,1,1), (0,1,1,1)

	4
	· 
	Transmission by 3 of the 4 antenna groups:
(2,1,1,0), (0,2,1,1), (1,0,2,1), (1,1,0,2)
(1,2,1,0), (1,1,2,0), (0,1,2,1), (0,1,1,2), (1,0,1,2), (2,0,1,1), (2,1,0,1), (1,2,0,1)

	5
	·  
	Transmission by 3 of the antenna groups:
(2,2,1,0), (2,2,0,1), (2,0,2,1), (0,2,2,1),  
(2,1,2,0), (1,2,2,0), (2,1,0,2), (1,2,0,2), (2,0,1,2), (1,0,2,2), (0,2,1,2), (0,1,2,2)
 
Transmission by 4 of the 4 antenna groups:
(1,1,2,1), (1,1,1,2), (2,1,1,1), (1,2,1,1)

	6
	·  
	Transmission by 3 of the 4 antenna groups:
(2,2,2,0), (2,2,0,2), (2,0,2,2), (0,2,2,2)
 
Transmission by 4 of the 4 antenna groups:
(2,1,2,1), (1,2,1,2), (1,2,2,1), (2,1,1,2), (2,2,1,1), (1,1,2,2

	7
	· 
	Transmission by 4 of the 4 antenna groups:
(2,1,2,2), {(2,2,2,1), (1,2,2,2), (2,2,1,2)




Agreement
For NCB-based 8TX PUSCH transmission with , where  is the number of configured single-port SRS resources in a resource set,
· Support Option 2 where a legacy-based solution is used by extending the existing SRI indication tables to include NSRS=8 and lmax=8

Agreement
To support UCI multiplexing on PUSCH for transmission with rank>4 by an 8TX UE, UCI is always multiplexed only on one of the scheduled CWs
· Alt2: The CW with the higher MCS index (if MCS indices are the same, UCI is multiplex on the first CW)
· Note: in case of PUSCH retransmission, the initial MCS is used for CW selection.

Agreement
For partially coherent 8TX precoding with Ng =2, the precoder is based on up to two full-coherent 4TX precoders.
Down-select one of the following options for precoder indication,
· Option 3 – Up to two 4TX TPMIs are indicated,
· When two TMPIs are indicated, the first is applied on one of antenna group, and the second is applied on the other antenna group,
· FFS : details of TPMI indication when one antenna group is used
· Option 4 – A single 8TX TPMI is indicated
· Other options are not precluded

Agreement
For codebook -based 8TX PUSCH transmission, down-select from,
· Alt1 
· A fully-coherent UE (Ng =1) can be configured with precoders considered for at least one or more Ng cases, i.e., Ng =1, 2, 4, 8
· FFS which combinations of Ng value(s), to be considered
· A partially-coherent UE, with Ng =2 can be configured with precoders considered for at least one or more Ng cases, i.e., Ng =2, 4, 8
· FFS which combinations of Ng value(s), to be considered
· A partially-coherent UE, with Ng =4, can be configured with precoders considered for at least one or more Ng cases, i.e., Ng= 4, 8
· FFS which combinations of Ng value(s), if any, to be considered
· A non-coherent UE, Ng =8, can only be configured with precoders considered for Ng = 8
· Alt2 
· A fully-coherent UE (Ng =1) can only be configured with precoders considered for one of Ng cases, i.e., Ng =1, 2, 4, 8
· FFS which Ng value(s), to be considered
· A partially-coherent UE , with Ng =2, can only be configured with precoders considered for one of Ng cases, i.e., Ng =2, 4, 8
· FFS which Ng value(s), to be considered
· A partially-coherent UE , with Ng =4, can only be configured with precoders considered for one of Ng cases, i.e., Ng =4, 8
· FFS which Ng value(s), to be considered
· A non-coherent UE , with Ng =8, can only be configured with precoders considered for Ng = 8
· FFS whether/how the configuration can be done, via RRC or MAC-CE.
· Alt3
· A fully-coherent UE (Ng =1) can only be configured with precoders considered for Ng =1
· A partially-coherent UE, with Ng =2, can only use precoders considered for Ng =2
· A partially-coherent UE, with Ng =4, can only use precoders considered for Ng =4
· A non-coherent UE, with Ng =8, can only use precoders considered for Ng = 8
· Other alternatives are not precluded
Note: For an 8TX UE , Ng =8 can represent a non-coherent UE.


RAN1 Meeting #112
Agreement
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 pair of (N1, N2) can be configured with subject to UE capability.

Agreement
Fully coherent uplink precoding by an 8TX UE, based on NR Rel-15 single panel DL Type I codebook
· Precoding matrices generated according to (O1, O2) = (1, 1) is supported
· Further study additional support of precoding matrices generated according to (O1, O2) where O1>1 or O2>1
· Subject to UE capability
· FFS: Different O1, O2 values for different ranks

Agreement
To support dual CW PUSCH transmission for rank>4 by an 8TX UE, for MCS indication, support
· Alt.2: A second MCS field (5 bits) is indicated for the second codeword

Agreement
To support dual CW PUSCH transmission for rank>4 by an 8TX UE, a second set of NDI (1 bit) and RV (2 bits) fields are indicated. 
· FFS: Details on how to signal

Agreement
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}, 

where , and  are defined similar to the legacy single CW PUSCH transmission.

Agreement
For fully coherent uplink precoding by an 8TX UE, based on NR Rel-15 single panel DL Type I codebook (CodebookMode=1), 
1. Study whether/how to support (O1, O2) = (2,1), (2,2)
6. whether for all rank, or rank 1-2, or rank 3-8
6. [bookmark: _Hlk128888152]applicability of different (O1, O2) values per agreed (N1, N2)
6. companies are encouraged to submit simulation results

Agreement
To support UCI multiplexing on PUSCH for transmission with rank>4 by an 8TX UE, UCI is always multiplexed only on one of the CWs, down-select from,
· Alt1: First CW
· Alt2: The CW with the highest MCS (if MCSs are the same, UCI is multiplex on the first CW)

Agreement
For non-coherent uplink precoding by an 8TX UE, following precoders are supported for 1 layer transmission. 

with the scaling factor of .

Agreement
For NCB-based 8TX PUSCH transmission with , where  is the number of configured single-port SRS resources in a resource set,
· All SRS port combinations are supported
· For SRI indication, down-select from,
· Option 1: Use an  bit length bitmap 
· Option 2: Use a legacy-based solution
· Consideration of Lmax for SRI indication
For , Rel-15 SRI indication is reused

Agreement
For CB-based 8TX PUSCH transmission, where Mode 2 uplink full power transmission (if supported) is not used, re-use legacy Rel-15 mechanism, that is
· when only one SRS resource in a resource set is configured, the SRI field in DCI is absent, 
· when two SRS resources are configured in a resource set, 1 bit of SRI field in DCI is used to indicate the selected SRS resource in the set.

Agreement
For partially coherent uplink precoding by an 8TX UE codebook,
· When Ng=2
· Precoding design is based on Rel-15 UL 4TX codebook,
· Full-coherent precoders are used
· FFS whether partial-coherent precoders are needed
· When Ng=4, down-select from,
· Alt1:
· Precoding design is based on Rel-15 UL 2TX codebook,
· Full-coherent precoders are used
· Alt2:
· Precoding design is based on Rel-15 UL 4TX codebook,
· Partial-coherent precoders are used

Agreement
For partially coherent uplink precoding by an 8TX UE codebook, Ng=2, 
· Following rank and layer splitting cases are supported
	Rank
	All layers in one Antenna Group
	Layers split across 2 Antenna Groups

	1
	(1,0), (0,1)
	· 

	8
	· 
	(4,4)



· Select from the following cases based on the performance and overall DCI overhead
	Rank
	All layers in one Antenna Group
	Layers split across 2 Antenna Groups

	2
	(2,0), (0,2)
	· 

	2
	· 
	(1,1)

	3
	(3,0), (0,3)
	· 

	3
	· 
	(2,1), (1,2)

	4
	(4,0), (0,4)
	· 

	4
	· 
	(2,2), (3,1), (1,3)

	5
	· 
	(4,1), (1,4), (2,3), (3,2)

	6
	· 
	(4,2), (2,4), (3,3)

	7
	· 
	(4,3), (3,4)


Note: Above is not relevant to how precoders are indicated.
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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

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

Agreement
For CB-based 8TX PUSCH transmission, for rank indication, down-select among the following
1. Separate indication of TRI and TPMI
1. Joint indication of TRI and TPMI

Agreement
Study full TX power uplink codebook-based transmission by a partially/non-coherent 8TX precoder,
1. Reuse Rel-16 UE capability definitions for discussion purpose, i.e., UE Capability 1, 2 and 3
1. For full TX power transmission by UE Capability 2/3, at least, following exemplary PA architectures can be considered 
10. Other cases of interest are not precluded, down-select preferred potential architecture for the purpose of 8TX full power study in RAN#112.
10. 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.

RAN1 Meeting #110bis-e
Agreement
Support the following cases for codebook design for 8TX precoders
· Full coherent precoders with Ng=1
· FFS: Full coherent precoders with Ng=2, Ng=4
· Partial coherent precoders with Ng=2 and Ng=4
· This does not imply any relation with the number of TPMI indications for 8TX precoder
· Non-coherent precoders

Agreement
For codebook design of an 8TX partial-coherent UE, configured with an 8-port SRS resource
· 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} 
· 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}
· Alt3: four coherent groups of {0, 2}, {4, 6}, {1, 3} and {5, 7}
· Note: Other alternatives which are not foreseen are not precluded

Agreement
For SRI and/or transmitter precoder matrix indication for codebook-based uplink transmission by an 8TX UE, study
· Whether/how to indicate one or multiple TPMI/SRI, according to the number of antenna groups, coherence capability, codebooksubset configuration, etc. 
· Whether/how to extend Rel-17 framework, e.g., TPMI/SRI indication in MTRP PUSCH
· Whether/how to separate/joint indication of rank and precoding information.
· Whether/how to indicate n (<=Ng) selected antenna group(s) separately from TPMI/TRI indication

Agreement
In Rel-18, on support of full power operation by a partial/non-coherent 8TX UE configured with codebook-based transmission, 
· [bookmark: _Hlk117151161]Identify and agree on at least one potential PA architecture by RAN1 meeting #111


Agreement
For 8TX UE codebook-based uplink transmission,
· 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 

Agreement
For SRS configuration required for non-codebook-based UL transmission by an 8TX UE, Alt1 is supported, that is
1. Alt1: A single SRS resource set configured with up to 8 single-port SRS resources
1. FFS: Configuration of up to two, or four SRS resource sets, each configured with up to 4, or 2 single-port SRS resources, respectively.

Agreement
For SRS configuration supporting codebook -based UL transmission for an 8TX UE ,  
1. Support configuration of 1 SRS resource set containing up to X 8-port SRS resource(s), where X = 2   
0. FFS : Other values for X, if needed 
1. FFS : 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
1. FFS : Configuration of at least one SRS resource set, configured with 8/M of M-port SRS resources, for example,   
2. Configuration of an SRS resource set, configured with at least 4 of 2-port SRS resources   
2. Configuration of an SRS resource set, configured with at least 2 of 4-port SRS resources   

Working Assumption
For uplink transmission with rank>4, support dual CW transmission.

Agreement
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.

Agreement
For SRS configuration supporting codebook -based UL transmission for an 8TX UE ,  
1. Support configuration of 1 SRS resource set containing up to X  8-port SRS resource(s), where X = 2   
3. FFS : Other values for X, if needed 
1. FFS : 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
1. FFS : Configuration of at least one SRS resource set, configured with 8/M of M-port SRS resources, for example,   
5. Configuration of an SRS resource set, configured with at least 4 of 2-port SRS resources   
5. Configuration of an SRS resource set, configured with at least 2 of 4-port SRS resources   

RAN1 Meeting #110
Agreement
8TX PUSCH is supported in Rel-18

Agreement
For 8TX PUSCH, at least support 
· Ng=1, 2, 4
Note: The above does not restrict the Ng for the non-coherent case

Agreement
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

Agreement
RAN1 further studies Alt1b and Alt2a for down-selection of one of the two in RAN1 meeting #110b-e.
· Transmission using one or multiple precoders corresponding to one or multiple SRS resources can be studied as part of the above alternatives.

Agreement
Support up to X layers for codebook and non-codebook UL transmission for 8TX UE where X=4, 8 is determined based on separate UE capability
· For uplink transmission with rank<=4, single CW is supported
· For uplink transmission with rank>4, whether single or dual CW is used will be decided in RAN1 meeting #110b-e
The above applies only with regards to the work scope of this agenda item.

Agreement
For SRS configuration for non-codebook UL transmission for an 8TX UE, down-select from
· Alt1: A single SRS resource set configured with up to 8 single-port SRS resources
· Alt2: Up to two SRS resource sets, each configured with up to 4 single-port SRS resources
· Alt3: Support both alternatives. 

Agreement
Study low overhead solutions for SRI and/or transmitter precoder matrix indication for codebook-based, and SRI indication for non-codebook-based UL transmission by an 8TX UE, 
· FFS using single or separate (exiting or new) fields for the indication, other solutions are not precluded.
· Note: Low overhead schemes for study include those using Rel-15 SRI/TPMI indication mechanisms

RAN1 Meeting #109-e
Agreement 
Study fully-coherent, partially-coherent and non-coherent UEs for uplink transmission with 8TX UEs.
 
Agreement
Study full power transmission for 8TX UEs.
· Details are FFS upon completion of codebook design

Agreement
Adopt the following Table as the reference EVM for LLS evaluation
· Companies may provide additional evaluation results per their case of interest
· LLS is optionally used for 8Tx UL evaluation, if needed

	Parameter
	Value

	Carrier Frequency
	3.5 GHz

	Waveform
	CP-OFDM

	SCS
	30 KHz

	System bandwidth
	20 MHz, 100 MHz

	Scheduled PRBs
	5, 25, 50, 260 PRBs

	gNB RX antenna setup and port layouts
(𝑀,𝑁,𝑃,𝑀𝑔,𝑁𝑔,𝑀𝑝,𝑁𝑝)
 
	(8,8,2,1,1,4,8) with (𝑑H, 𝑑V) = (0.5, 0.8)𝜆
(4,4,2,1,1,4,4) with (𝑑H, 𝑑V) = (0.5, 0.8)𝜆
(2,2,2,1,1,2,2) with (dH , dV ) = (0.5, 0.5)λ
 

	UE TX antenna configuration
	To be defined according to outcome of Proposal 2.1

	UE speed
	3 Km/h

	Number of Layers
	Adaptive, Fixed (reported by company) 

	AMC
	Adaptive, Fixed (reported by company) 

	DMRS configuration
	Type 1; 1 front loaded + 1 additional symbol

	Channel estimation
	Real

	Channel Model
	CDL-A (30ns), CDL-B (100ns), CDL-C (300ns)


 
Agreement
For 8TX UE uplink transmission, study codebook- and non-codebook-based transmission with maximal layer number of both 4 and 8 layers.

Agreement
Adopt the following Table as the reference EVM for SLS evaluation.
· Companies may provide additional evaluation results per their case of interest.
	Parameter
	Value

	Frequency range
	3.5 GHz

	Multiple access
	OFDMA 

	Numerology
	14 OFDM symbol slot
SCS , 30 KHz  

	Scenario
	Outdoor FWA (38.901): UMa (ISD = 500 m), 100% Outdoor, 3Km/h

	
	Indoor FWA (38.901): UMi (ISD = 200 m), 100% Indoor, 3Km/h

	
	Industrial (38.901): Indoor Office (Inh ), 3Km/h

	Channel model
	38.901

	System bandwidth
	20 MHz, 100 MHz 

	gNB RX antenna setup and port layouts
(𝑀,𝑁,𝑃,𝑀𝑔,𝑁𝑔,𝑀𝑝,𝑁𝑝) 
	Outdoor FWA : 
(8,8,2,1,1,4,8) with (𝑑H, 𝑑V) = (0.5, 0.8)𝜆
(4,4,2,1,1,4,4) with (𝑑H, 𝑑V) = (0.5, 0.8)𝜆
 
Indoor FWA : 
(8,8,2,1,1,4,8) with (𝑑H, 𝑑V) = (0.5, 0.8)𝜆
(4,4,2,1,1,4,4) with (𝑑H, 𝑑V) = (0.5, 0.8)𝜆
 
Industrial:
(2,2,2,1,1,2,2) with (dH , dV ) = (0.5, 0.5)λ
 

	gNB antenna radiation pattern parameters
	Outdoor/Indoor FWA : 
38.901 Table 7.3-1, 8 dBi , 65° HPBW
 
Industrial:
IMT.2412 Table 10,5 dBi , 90° HPBW
 

	gNB receiver noise figure
	5dB 

	gNB receiver
	MMSE-IRC

	gNB scheduler
	Single user with proportional fair

	Modulation
	-    Up to 64 QAM  
-    Up to 256QAM  

	MIMO scheme
	SU-MIMO with rank adaptation

	UE speed
	3 Km/h

	UE TX antenna configuration
	To be defined according to outcome of Proposal 2.1

	Traffic model
	-    FTP model 1: Packet size 500KB, RU= 50% and suggested low/high RU of values of 20% and 70%
-   Full buffer (optional) 

	Suggested benchmarking
	R15 UL 4-Tx codebook , 
Eigen-based, companies report PRG assumption 

	Precoder granularity
	Wideband 

	Power control
	Open loop, 
-    alpha = 0.8
-    P0 = -50, -80 dBm  
to be selected according to the deployment scenario 

	UE power rating
	23 dBm (UE, 38.101)
32 dBm (FWA, 38.101)

	Metric
	UL mean-user throughput, 5%-ile and 95%-ile UPT



Agreement
For 8TX UE, consider the following UE antenna layouts for codebook design,
·        For non-coherent UEs, consider linear array (1D/2D) of cross-polarized or single-polarized antenna configuration
·        For fully/partial-coherent UEs, consider linear array (1D/2D)
o   Where the array is either cross-polarized antenna configuration or single polarized antenna configuration
o   Ng>=1 antenna groups can be considered where each group comprises coherent antennas, and across groups, antennas can be non-coherent/coherent depending on device types
§  An example of an antenna group is a panel
o   Within an antenna group, antenna elements are uniformly spaced. Across different antenna groups, companies to provide details.
· Additional information for definition of antenna layout 
· Based on the number of coherent groups, following exemplary cases can be considered where, within each group, antenna elements are spaced by 0.5λ, and then dG-H, dG-V represent the horizontal and vertical spacings between the centers of adjacent antenna groups, respectively 
· Further down-selection can be done in the next meeting, if needed 
· The shown exemplary placing of antenna groups can be used for evaluation purpose, but the codebook design is not restricted to shown cases. 
· Other antenna layouts for other use cases are not precluded.
· To start companies may report their results according to their preferred layout.
 
	Case
	Ng
	(M, N, P) per group
	Antenna Layout
	Antenna Pattern/Antenna Element Gain

	1
	1
	(2, 2, 2), 
(1, 4, 2)
	[image: A picture containing icon



Description automatically generated]
	Isotropic (Indoor/Outdoor FWA & Industrial)
 
8 dBi, 65° HPBW(Outdoor FWA)

	2
	2
	(1, 2, 2)
	[image: Graphical user interface



Description automatically generated]
	Isotropic (Indoor/Outdoor FWA & Industrial)
 
8 dBi, 65° HPBW(Outdoor FWA) 

	3
	4
	(1, 1, 2)
	


	Isotropic (Indoor/Outdoor FWA & Industrial)
 
4 dBi, 110° HPBW(Indoor FWA & Industrial


 
o   Other UE antenna assumption for the purpose of evaluation
	 
	Outdoor FWA
	Indoor FWA
	Industrial

	UE antenna height
	6, 3 m (To start)
	According to 36.873
	According to 38.901




Agreement
For 8TX UE codebook-based uplink transmission, down-select one of
· Alt1-a:
· 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 non-coherent UEs
· Study NR Rel-15 DL Type I codebook as the starting point for design of the codebook for fully/partially-coherent UEs
· Alt1-b:
· Study NR Rel-15 UL 2TX/4TX codebooks and/or 8x1 antenna selection vector(s) as the starting point for design of the codebook for partially/non-coherent UEs
· Study NR Rel-15 DL Type I codebook as the starting point for design of the codebook for fully-coherent UEs
· Alt2-a:
· Study NR Rel-15 UL 2TX/4TX codebooks and/or 8x1 antenna selection vector(s) as the starting point for design of codebook for fully/partially/non-coherent UEs
· Alt2-b:
· Study NR Rel-15 UL 2TX/4TX codebooks and/or 8x1 antenna selection vector(s) in combination with those based on NR Rel-15 DL Type I codebooks as the starting point for design of codebook for fully/partially/non-coherent UEs
· Alt3:
· Study NR Rel-15 DL Type I codebook as the starting point for design of codebook for fully/partially/non-coherent UEs
· Transmission using one or multiple precoders corresponding to one or multiple SRS resources can be studied as part of the above alternatives.
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