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1. Introduction
Based on the submitted contribution in this meeting, key issues are summarized in section 2. 

2. Key issues 
2.1 Remaining details on ‘Mode1’ and ‘Mode 2’ for UL full power Tx for UE capability 2 and 3
a) Mode 1i. A new codebookSubset is introduced only for the rank value(s) where full power transmission in UL is not achievable includes the TPMI precoders in fullyAndPartialAndNonCoherent defined in Rel-15
1. FFS: At least a subset of the non-antenna selection TPMI precoder(s) is(are) supported 
2. FFS: Additional support of antenna selection TPMI precoders


On the subset of the non-antenna selection TPMI precoder(s). 
Option 1: all TPMI precoders in fullyAndPartialAndNonCoherent defined in Rel-15
Supported by: vivo, OPPO
Option 2: One or more additional TPMI precoder for NonCoherent and PartialAndNonCoherent 
		defined in Rel-15
Supported by: Huawei/HiSilicon, ZTE, Intel, LG, Samsung, Ericsson, Qualcomm, CATT

Observation: majority for companies support Option 2.
Proposal: only a subset of TPMI precoder(s) in fullyAndPartialAndNonCoherent defined in Rel-15 is supported for full power transmission for the UEs with NonCoherent or PartialAndNonCoherent.

	Company
	views 

	OPPO
	We share the same view as Yi that there are different interpretations on “A new codebookSubset”. If I understand correctly, the proposal can be modified as follows:
For a non-coherent/partial-coherent UE with Mode 1, in addition to Rel-15 TPMI precoders, an additional subset of non-antenna selection TPMI precoder(s) in fullyAndPartialAndNonCoherent defined in Rel-15 is supported 

From our perspective, the codebookSubset with 'fullyAndPartialAndNonCoherent' can be configured to a non-coherent/partial-coherent UE with Mode 1. It has following advantages
1. Better performance for practical UE: In a practical UE not supporting coherent capability, it is very likely to maintain the relative phase distributed within [-90, 90]. The the codebookSubset with 'fullyAndPartialAndNonCoherent' offers better performance than only a subset of it.
2. Better forward compatibility: With the development of technology, the range of the relative phase can be further improved.
3. Less standardization effort: Our proposal provides a unified solution for non-coherent 2Tx UE, non-coherent 4Tx UE and parital-coherent 4Tx UE. Thus we can avoid the lengthy discussion on how to select a subset of TPMI, which are the subsequent questions listed in the FL summary. Especially, for 4Tx UE, there are no converging solutions.  
One concern to use the codebookSubset with 'fullyAndPartialAndNonCoherent' is the potential larger DCI size. However, it is not an issue in practical deployment
· In a scenario requiring full Tx power UL transmission, the UL coverage is the limiting factor while the DL coverage is not the bottleneck. Therefore, one or two additional bits in DCI will not impact the performance in the typical scenarios requiring full Tx power UL transmission
· Taking into account the DCI size alignment, the DCI size may increase only in some cases

	Samsung
	Since phase coherence across non-coherent ports (or port groups) can’t be guaranteed, there is no need for supporting all TPMIs in 'fullyAndPartialAndNonCoherent'. In particular, for a subset of TPMIs comprising precoders with NZ entries at identical locations, it is sufficient to include only 1 TPMI. Therefore, it is sufficient to include only 1 full-coherent TPMI in the new codebookSubset.

	Huawei, HiSilicon
	There are two issues mixed together for the proposal.
1. For whether include all or part of precoders from full coherent UE, we share the similar view with Samsung that no need all precoders due to the phase cannot be guaranteed for non-coherent or partial coherent UEs.
2. For whether only with non-antenna precoders, it seems separate issue from here. For 4Tx non-coherent UE, as an example, 20+20+20+20dBm, the precoders [1 0 1 0] or [0 1 0 1] can achieve full power transmission. In such cases, no need for non-antenna selection precoders. As shown in our evaluation, the performance of such precoders [1 0 1 0] and [0 1 0 1] is better than [1 1 1 1] due to the factor that wide beamwidth provide more robust transmission for the non-coherent UEs. The benefits of [1 0 1 0] and [0 1 0 1] will be more obvious in the hand-blockage case, while only half power can be transmitted with [1 1 1 1].
If here only discuss the first issue, i.e., whether support all or part of precoders from full coherent, the proposal should be modified:
Only a subset of TPMI precoder(s) in fullyAndPartialAndNonCoherent defined in Rel-15 is supported for full power transmission for the UEs with NonCoherent or PartialAndNonCoherent.

	QC
	Before we discussing this topic and next topic, I do think there is a need to clarify what is the definition of “the new codebookSubset” here. If the new codebookSubset is only for full power transmission purpose (in addition to existing 3 codebookSubset), then including a subset of non-antenna selection precoders in the new codebookSubset is enough (non-full power transmission can use noncoherent codebookSubset). If the new codebooksubset can be used for both full power and non-full transmission purpose (as if it is the 4th-type of codebookSubset), then the new codebookSubset needs to include antenna selection precoders, i.e. noncoherent codebookSubset. 

If FL does not want to discuss the definition of “the new codebookSubset”, can we at least clarify the above proposal is for full power transmission purpose? If it is, then we need to add “for full power transmission” in the proposal.

	CATT
	Our simulation results indicate that having co-phasing combining across non-cohernet antenna elements does not lead to performance improvements. It will be good if we can discuss that issue directly to expedite the progress. 

As the proposal itself, its formulation is a bit unclear as to what it implies. Maybe a alternative formulation can be so that “a non-coherent/partial-coherent Rel.16 UE canont be configured with Rel.15 coherent codebook”.  

	Apple
	Share the same view with OPPO and Qualcomm

	LGE
	Share the same view with Samsung.




Which TPMI precoder(s) is(are) supported if Option 2 above is agreed?
For 2Tx, non-coherent: (rank1 only)
	
	Additional TPMI

	Huawei/HiSilicon
	TPMI=2

	ZTE
	TPMI=2

	Intel
	TPMI=2

	LGE
	TPMI=2

	Qualcomm
	TPMI=2

	Samsung
	TPMI=2

	CATT
	TPMI= 2. Suggest to reword the proposal so that “TPMI = 2 can be configured for a non-coherent UE”.



Proposal: For full power transmission, for 2Tx non-coherent UE, rank=1 TPMI=2 in fullyAndPartialAndNonCoherent defined in Rel-15 is supported.

For 4Tx: 
	
	Additional TPMI

	
	
	Rank1
	Rank2
	Rank3

	Huawei/HiSilicon
	Non-coherent
	TPMI=4,8,13
	TPMI=6
	TPMI=1

	
	Partial-coherent
	TPMI=12,13,14,15 (for CP OFDM)
TPMI=12,13,14, 15,16,17,18,19 (DFT-s-OFDM)
	-
	-

	ZTE
	Non-coherent
	TPMI =12
	TPMI= 6
	TPMI =1

	
	Partial-coherent
	TPMI=12, 13, 14,...19
	
	

	Interdigital
	For Rank 1, UE Cap3, at least one of


	Intel
	
	TPMI=12
	TPMI=7
	TPMI=1.

	LG
	Non-coherent
	TPMI=12
	TPMI= 6
	TPMI=1.

	
	Partial-coherent
	TPMI=12,13,14,15
	
	

	Qualcomm
	Non-coherent
	TPMI=4, 12
(for both CP and DFT-s- OFDM)
	TPMI= 6
	TPMI=1.

	
	Partial-coherent
	TPMI=4, 5, 6, …19
(for both CP and DFT-s- OFDM)
	
	

	Samsung
	Non-coherent
	FC TPMI=12
	FC TPMI=14
	FC TPMI=3

	
	Partial-coherent
	FC TPMI=12
	
	

	CATT
	Non-coherent UE that full Tx power achievable by the combination of all Pas
	TPMI=12
	TPMI=6, 14
	TPMI=1,3

	
	Partial-coherent UE that full Tx power is achievable by the combination of all PAs
	TPMI=12,13,14,15 
	-
	-

	
	Non-coherent UE that full Tx power achievable by the combination of any two PAs
	TPMI = 4,8,12
	-
	-



Observation: non-coherent, partial-coherent, CP/DFT rank1, 
Proposal: For full power transmission, for 4Tx non-coherent/partial-coherent, rank 1, in the case that full power only be enabled by all 4 PAs simultaneously transmission,
· For CP OFDM, at least TPMI=12 or 13 is supported….
· For DFT-s-OFDM, at least TPMI=12 or 13 is supported…..
FFS for the case that part of PAs can deliver full power transmission
Proposal: For full power transmission, for 4Tx, non-coherent
· For rank 2 at least 1 TPMI (FFS TPMI= 6 or 14) is supported
· For rank 3 at least 1 TPMI (FFS TPMI=1 or 3) is supported

Q1: Does “Precoding information and number of layers” field size in DCI change if Option 2 above is agreed?
Yes: Huawei/HiSilicon, ZTE, CATT (this enhancement is mainly for cell-edge UE), LGE
No: Samsung
Why do we need to support different field size than Rel. 15 for NC/PC UEs? In our view, the new CodebookSusbet remains the same as Rel. 15 NC/PC codebookSubset except that TPMI 0 is replaced with the additional TPMI. Hence, there is no need for any change in TPMI filed size in DCI.

Observation: 
Proposal:

Q2: The new codebooksubset includes antenna selection TPMI precoder(s)
Support: Intel, Spreadtrum, Samsung, Huawei, HiSilicon, CATT, LGE
Not support: Ericsson, DOCOMO, ZTE

Observation: .
Proposal:

	Company
	views 

	ZTE
	Regarding Q1, the bit size for the enhanced “precoding information and number of layers” field should be fixed but may be larger than Rel-15 if mode 1 is supported. 
· Some details can be found at Table 4, Table 5, Table 6 and Table 7 in our contribution R1-1908193.
Regarding Q2: The new codebook subset includes antenna selection TPMI is not supported. Only newly added codebook subset can support full power transmission accordingly. 

	NTT DOCOMO
	In Mode 1, the new codebook subset should exclude antenna selection TPMI precoder(s). In terms of specification, it is not preferable that some capabilities (i.e. Mode 1 and Mode 2) are specified to achieve the same function.

	IDC
	We have two general concerns. First, we believe that it is neither efficient nor required to indicate TPMIs one by one. The proper approach would be to group the TPMIs according to their structure, and only report the index corresponding to the group. For example, for rank 1 4TX configuration:
Group 1: TPMIs: 0-3
Group 2: TPMIs: 4-7
Group 3: TPMIs: 8-11
⁞
Group 7: TPMIs: 24-27
Then, we only need to use fewer bits to indicate the desired TPMIs.
Second, we believe that to take advantage of UE capability 3, we should include additional precoders based on at least of the following structure,  , where .

	Intel
	We think the antenna selection TPMI precoder(s) could be included. And it should be up to UE capability and gNB configuration.
In some scenario with antenna hand gripping, the antenna selection TPMI can be used for UE power saving without significant performance degradation comparing to the full power TPMI.

	Samsung
	Same view as Intel that antenna selection TPMIs should be included and the gNB can indicate antenna selection TPMIs to save UE power (similar to Rel. 15)

	Huawei/HiSilicon
	For Q1, the precoders in Rel-15 should not be removed in the codebook for non-coherent and partial coherent. The precoders added in Rel-16 is for the case of full power transmission when UEs are coverage limited.
For Q2, Antenna selection precoders should be there for the case hand-blockage and power saving.

	QC
	Again, as I comment already, the answer to Q2 can be very different (actually opposite to each other) depends on what is the definition of “new codebooksubset”. Based on my reading of the above answers from different companies, there are different understanding of “new codebooksubset” already cross companies. Ideally, we should clarify the definition before we proceed. At least, can feature lead clarify if the above proposal/questions are for full power transmission purpose? If it is, then we need to add “for full power transmission” in the proposal/questions.

	CATT
	Whether new codebooksubset include antenna selection TPMI precoders should depend on UE capability. Different new precoders can be introduced for different UE PA architectures or different coherent capabilities. For example, for a UE with 20dBm+20dBm+20dBm+20dBm, TPMI(s) with 2 non-zero antenna ports can achieve full-power, TPMI(s) with 2 non-zero antenna ports should be considered in the new codebook subset. 

	Apple
	Share the same view as Qualcomm.

	LGE
	Same view as Intel and Samsung that antenna selection TPMIs should be included for UE battery saving (similar to Rel. 15)




b) Mode 2ii. UL full power Tx is achieved for PUSCH transmission according to indicated SRI and/or TPMI
1. FFS: number of SRS resources supported 
a) 2 
b) 3 
2. FFS: for 4 Tx, how many different TPMIs/TPMI groups support full power
3. FFS: any rules for spatial filter update for the SRS resources with different number ports

On number for max SRS resources supported
Option 1: 2
Supported by: vivo, OPPO, Intel, Apple, DOCOMO, LG, IDC
Option 2: 3
Supported by: Huawei/HiSilicon, Samsung, CATT, Nokia/NSB, Ericsson, Qualcomm (up to 4), ZTE(up to 4)

Observation: there is slight majority of companies supporting Option2.
Proposal: Maximum of 3 SRS resources are supported in Mode 2 

	Company
	views 

	ZTE
	Maximum number of SRS resource can be enhanced to 4. 
Besides that the dynamic TPMI/RANK can be indicated, the flexible indication of spatial relation should be further considered. The up to 4 SRS resources can support 2 different numbers of port, while keeping the flexibility of two spatial relations as in Rel-15.

	OPPO
	From our view, the motivation and benefits to increase the maximum number of SRS resources in one SRS resource set are not justified. Thus it is better to reuse Rel-15 design.

	NTT DOCOMO
	The number of supported SRS resources should be 2 which is same as Rel-15. The overhead of SRI should not be increased. If the intention of increasing number of SRS resources is to maintain the beam selection flexibility similar to Rel-15, NW can update the spatial relation for UL beam by MAC (i.e. single beam operation).

	Intel
	We think for Mode 2 operation, two SRS resources are enough.

	Samsung
	For 2Tx, 2 SRS resources are OK. But, for 4Tx, 2 SRS resources is not enough in our view. We need at least 3 SRS resources with e.g., 1, 2, and 4 SRS ports.

	QC
	If we already increased # bits in SRI from 1 to 2 to support 3 SRS resources, why not support 4 SRS resources? What is the reason to increase to 3, but not 4?

	Apple
	There is no benefit to increase number of SRS resources.

	LGE
	Similar with Apple that there is no benefit to increase number of SRS resources. Specifically, we don’t see any strong motivation that the # of SRS resources can be different according to the Mode configuration.



On TPMIs/TPMI grouping scheme supporting full power transmission
For 2Tx:
	
	Rank 1
	Rank 2

	Huawei/HiSilicon
	{TPMI=0}, {TPMI=1}
	

	Vivo
	{TPMI=0}, {TPMI=1}
	

	OPPO
	{TPMI=0}
	

	Samsung
	{TPMI=0}, {TPMI=1}
	

	Spreadtrum
	{TPMI=0}, {TPMI=1}
	

	Ericsson
	{TPMI=0}, {TPMI=0, 1} 
	 {TPMI=0}

	LGE
	{TPMI=0}, {TPMI=1}
	



Proposal: 
For 2Tx non-coherent, support following TPMI indication for rank 1 which support UL full power transmission:
· Rank 1: {TPMI=0}, {TPMI=1} 

	Company
	views 

	OPPO
	One TMPI is sufficient. For a 2Tx UE with one full rated PA (no matter it is [23, 20] or [20 23]), only [1 0] (or [0 1]) is enough since UE can always map the full rated PA to antenna port 0.
For a 2 Tx UE with two full rated PAs, the above reporting is not needed as it is with UE capability 1. 

	Intel
	The proposal is not clear. Does it mean two TPMIs are supported? Or two TPMI groups are supported? How many TPMIs are included in one TPMI group? We think clarification is needed.

	Samsung
	We should clarify what 2 TPMIs are.

	Huawei, HiSilicon
	Support the proposal, since the two ports may virtualized (transparent) from 20+20+17+17, or 20+20+20+20, or 17+17+20+20, different case with different capability for supporting the precoders.

	QC
	Agree with OPPO that one TPMI [1, 0] is enough

	Apple
	Support the proposal.




For 4Tx:
	
	
	Rank1
	Rank2
	Rank3
	Rank 4

	Huawei/HiSilicon
	Non-coherent
	{TPMI=0}, {TPMI=1}, {TPMI=2}, {TPMI=3}
	{TPMI=0}, {TPMI=1}, {TPMI=2}, {TPMI=3}, {TPMI=4}, {TPMI=5},
	{TPMI=0}
	

	
	Partial-coherent
	{TPMI=0}, {TPMI=1}, {TPMI=2}, {TPMI=3}, {TPMI=4}, {TPMI=8},
	{TPMI=0}, {TPMI=1}, {TPMI=2}, {TPMI=3}, {TPMI=4}, {TPMI=5},
	{TPMI=0}
	

	Vivo
	Non-coherent
	{TPMI=0}, {TPMI=1}, {TPMI=2}, {TPMI=3}
	{TPMI=0}, {TPMI=1}, {TPMI=2}, {TPMI=3}, {TPMI=4}, {TPMI=5},
	{TPMI=0}
	

	
	Partial-coherent
	{TPMI=4, 5,6,7},  {TPMI=8, 9,10,11}, 
	{TPMI=0}, {TPMI=1}, {TPMI=2}, {TPMI=3}, {TPMI=4}, {TPMI=5},
	
	

	OPPO
	
	{TPMI=0}, {TPMI=1}, {TPMI=4, 5,6,7},  {TPMI=8, 9,10,11},
	
	
	· 

	Samsung 
	Non-coherent
	{TPMI=0}, {TPMI=1}, {TPMI=2}, {TPMI=3}
	
	
	

	
	Partial-coherent
	{TPMI=0}, {TPMI=1}, {TPMI=2}, {TPMI=3}, {TPMI=4}, {TPMI=8},
	
	
	

	Spreadtrum 
	Non-coherent
	{TPMI=0}, {TPMI=1}, {TPMI=2}, {TPMI=3}
	{TPMI=0}, {TPMI=1}, {TPMI=2}, {TPMI=3}, {TPMI=4}, {TPMI=5},
	{TPMI=0}
	

	
	Partial-coherent
	{TPMI=0}, {TPMI=1}, {TPMI=2}, {TPMI=3}, {TPMI=4}, {TPMI=5}, {TPMI=6}, {TPMI=7}, {TPMI=8}, {TPMI=9}, {TPMI=10}, {TPMI=11}
	{TPMI=0}, {TPMI=1}, {TPMI=2}, {TPMI=3}, {TPMI=4}, {TPMI=5},
	{TPMI=0}
	

	Ericsson 
	
	{TPMI=0}, {TPMI=0,1}, {TPMI=0,1,2}, {TPMI=0,1,2,3}
	{TPMI=0}, {TPMI=0,1,3}, {TPMI=0,1,2,3,4,5},
	{TPMI=0}
	{TPMI=0}

	ZTE
	
	Rank =1: {TPMI=0}, {TPMI=1}, {TPMI=2}, {TPMI=3}, and candidate values for these TPMIs are [1, 1/2, 1/4].
Note that the power capability for other TPMIs for rank=1, 2 and 3 can be deduced with these informations, e.g., 
· Step1: Identify the NZP port set {pi,,..., pj} for the target TPMI, where pi, pj refer to different ports;
· Step2: The scaling factor of the target TPMI should be the number of NZP ports * min {full power factor for each port within port set {pi,..., pj}}. 
· BTW, this value of scaling factor is not more than 1

	IDC
	
	We have a similar comment as what we mentioned for Mode 1.
Furthermore, given that there are many potential combination of PAs for UE capability 3, we either need to define a couple of baseline architectures so that a proper solution can be developed, or provide additional UE signaling to better characterize its full power capability. For example, a UE should indicate whether its PA architecture supports full power over single or two ports. The indicated information can be part of the initial UE capability signaling, e.g., Capability 3-1 or Capability 3-2, or it can be indicated separately by a UE.

	Samsung
	
	In our view, the number of bits to indicate TPMIs/TPMI groups should be as small as possible. Since rank 1 is the most important case for full power UL Tx, we can focus on rank 1 for capability signaling. Also, rank 1 capability signaling can be used for rank > 1. 

	QC
	
	Agree with Samsung we should focus on capability signaling for rank 1 and strive to minimize the number of bits to indicate TPMI groups. 
For 2 Tx UE, 1 group of TPMIs {} is enough
For 4 Tx UE, 4 groups of TPMIs {,,, and   is enough


	CATT
	
	We’d like to understand the meaning of “TPMI groupig” in the proposal below and its specification impact, whether it relates to UE capability reporting for DCI indication.

	LGE
	
	At least for non-coherent case, 2bit for 2Tx, 4bits for 4Tx are enough. For example, 
For 2 Tx UE, 1 group of TPMIs {} is enough
For 4 Tx UE, 4 groups of TPMIs {,,, and   is enough



{TPMI=x,y..} corresponds to one TPMI or TPMI group, which is indicated by 1 bit or one codepoint

Observation: there are slightly different views among companies on TPMIs/TPMI group indication for partial-coherent case.
Proposal:
For non-coherent, support following TPMI indication for rank 1, 2, 3 which support UL full power transmission:
· Rank 1: {TPMI=0}, {TPMI=1}, {TPMI=2}, {TPMI=3}
· Rank 2: {TPMI=0}, {TPMI=1}, {TPMI=2}, {TPMI=3}, {TPMI=4}, {TPMI=5},
· Rank 3: {TPMI=0}
For partial-coherent, support following TPMI/TPMI group indication for rank 1, 2, 3 which support UL full power transmission
· Rank 1: {TPMI=0}, {TPMI=1}, {TPMI=4, 5,6,7}, {TPMI=8, 9,10,11},
· Rank 2: {TPMI=0},{TPMI=0,1,3}, {TPMI=0,1,2,3,4,5},
· Rank 3: {TPMI=0}



	Company
	views 

	ZTE
	Regarding FL proposals, {TPMI=2} and {TPMI=3} should be added for partial coherent&Rank1, due to the same reason for non-coherent case.
Besides, the overhead of UE capability can be further reduced, and our solution is proposed above, i.e., only capability values for Rank =1: {TPMI=0}, {TPMI=1}, {TPMI=2}, {TPMI=3} need to be reported, and candidate values for these TPMIs are [1, 1/2, 1/4]. Consequently, the scaling factor of the target TPMI should be the number of NZP ports * min {full power factor for each port within the related NZP-port set {pi,,..., pj}}. 
· Note that the above min function is to guarantee that Tx power is equally split for all non-zero power ports.

	Intel
	For partial-coherent, why {TPMI=2}, {TPMI=3} are not included for Rank 1?

	Samsung
	As mentioned above, we should minimize number of bits for TPMIs/TPMI group indication. In our view, 4/6 bits for 4Tx NC/PC UEs are reasonable.

	Huawei,HiSilicon
	Same concern with ZTE and Intel, partial coherent UE should be with TPMI 2 and 3.
For rank-2 partial coherent UE, after some checking, TPMI=0, 2, 3, 5 is sufficient, due to the factor that if TPMI=4 in rank-1 can be full power [1 0 1 0], then TPMI=1 in rank-2 also can be full power as well [1 0 0 0; 0 0 1 0].

So, for partial coherent UE, may be revised as:
Rank-1: {TPMI=0}, {TPMI=1}, {TPMI=2}, {TPMI=3}, {TPMI=4,5,6,7}, {TPMI=8,9,10,11}
Rank-2: {TPMI=0}, {TPMI=2}, {TPMI=3}, {TPMI=5}
Rank-3: {TPMI=0}

	QC
	Considering the UE capability signaling for full power should be per CC per band per band combination (ideal case) or at least per band per band combination, having 11 groups is not acceptable. RAN1 should strive to minimize the overhead for TPMI/group signaling for mode 2.
A secondary question is that why not having the unified number of groups/bits signaling between partial-coherent and non-coherent?

	CATT
	The specification will be very complicated if UE’s capability is reported in the form of full-powered TPMI or TPMI group reporting. Besides, the overhead would be very large, counterintuitive for a cell-edge power limited UE. 

It would be simpler to minimize the UE capability reporting and just report typical capabilities, in additional to the existing agreed Capabilities. Fr each typical UE capability, TPMIs that can achieve full power can be specified explicitly.

	Apple
	We think full power transmission is only necessary for rank 1 transmission.




Additional rules for spatial filter update for the SRS resources with different number ports
Support: ZTE
Not support: vivo, OPPO, Apple, DOCOMO, IDC, Samsung, QC, LGE

Observation: few companies expressed their views on additional rules for spatial filter update for the SRS resources with different number of ports.
Proposal: No additional rule for spatial filter update for SRS resources with different number ports.

	Company
	views 

	ZTE
	The number of dynamic spatial relation should not be increased, since that the enhancement for maximum number of SRS resource is only related to full power transmission. Consequently, the following rules should be considered for saving UE complexity.
-  The number of different spatial relations configured for all SRS resources should not be larger than 2;
-   The number of SRS resources with the same spatial relation should not be larger than 2.

	NTT DOCOMO
	Additional rules for spatial filter update are not needed since the spatial relation is configured within each SRS resource.

	Intel
	Support the feature lead proposal

	Samsung
	Same as majority view that there is no need for any additional rule.

	QC
	Support feature lead proposal

	Apple
	Support FL proposal

	LGE
	Support FL proposal



DCI size ambiguity due to the SRS resources with different SRS ports
In Rel-15, the size of DCI format 0_1 is determined by the number of antenna ports. However, for a UE working with Mode 2 operations, the SRS resources within the SRS resource set may have different SRS ports. How to determine the DCI size is an open issue.  Here are some alternatives provided by companies:
1. Alt.1: The size of DCI format 0_1 is determined based on the largest number of SRS ports of all the SRS resources within the SRS resource set with the parameter usage set to 'codeBook'
2. At.2.: …

	Company
	views 

	OPPO
	Alt.1

	Intel
	We support to discuss the issue on DCI field size determination for Mode 2 operation.
For Mode 2 operation, the TPMI field size becomes dependent on SRI field. Then for DCI decoding there could be ambiguity at the UE on the actual number of bits used for TPMI.

	Apple
	This can be discussed after decision for the issues above are made.

	
	

	
	



Determination of codebookSubset for 2-port SRS resource 
In Rel-14, codebookSubset can be partialAndNonCoherent only for the case of 4 antenna ports. If the network configures a 2-port SRS resource and 4-port SRS resource simultaneously within the SRS resource set for codebook based PUSCH, and configures codebookSubset as partialAndNonCoherent, the problem is which codebook subset the UE shall use for the scheduling of 2 antenna ports?  

For the codebook-based UL PUSCH of a UE configured with a 2-port SRS resource and a 4-port SRS resource for full Tx power transmission, if codebookSubset is configured as partialAndNonCoherent,
· Alt.1 : the DCI indicates a TPMI from the nonCoherent subset if the SRI indicates a 2-port SRS resource 
· At.2.: …

	Company
	views 

	OPPO
	Alt.1

	Apple
	This can be discussed after decision for the issues above are made.

	
	

	
	

	
	





2.3: Power scaling schemes
Observation: on PUSCH power scaling scheme, since companies’ views are very diverging, to facilitate discussions and move forward on this topic, case by case discussion based on UE capability 1, 2, 3 would be helpful. 

Proposal: for a capability 1 UE working with full power operations, for PUSCH power control, 
· Alt1: power scaling factor is fixed to 1.
· Alt2: power scaling factor is configured. 
· Alt3: PUSCH is scaled by a factor  and the resulting scaled power is then split equally across the antenna ports on which the non-zero PUSCH is transmitted, where 
· , and
· , where
·  = #coherent port groups (for the “most coherent” TPMIs) as in Table 3,
·  = #coherent port groups (for the “most coherent” TPMIs) with a non-zero PUSCH,
·  = #configured ports for the transmission, and
·  = #ports with a non-zero PUSCH transmission.
Support al1: ZTE, OPPO, Huawei, HiSilicon, QC, CATT
Support alt2: LGE
Support alt3: Samsung 


	Company
	views 

	ZTE
	Support Alt1.
Note that Alt-1 does not imply that the UE capability 1 is explicitly reported in UE capability signaling.

	OPPO
	We prefer Alt.1.
There are different ways to enable full power operations. One way is that a UE supporting full power is always working with full power operations. Another way is to be configured by NW. In order to avoid the debuting on this issue, we suggest to revise the first line of the proposal:
for a capability 1 UE working with full power operations, for PUSCH power control


	IDC
	We see that companies follow the same basic principle for power scaling; however the solutions seem to diverge as the details get related to the TPMIs configuration/indication. Therefore, we believe we should discuss this topic, once we have addressed details related to TPMI configuration (Mode 1) and indication (Mode 2).


	Samsung
	As pointed out in our Tdoc, for 4Tx PC UE and rank 1, the power scaling should be such that power per NZ antenna ports should not change from NC to PC/FC TPMIs. This is avoid the case that UE needs to change PA power even if rank doesn’t change (i.e. remains rank 1). This is an issue with other alternatives such as beta = 1. There is no such issue with Alt 3

	QC
	We support Alt 1

	Apple
	We think the power scaling is an editorial issue. How to write down the power scaling scheme could be up to editor.




Proposal: for a UE working with Mode1 operation, for PUSCH power control,
· Alt1: reuse Rel-15 power scaling mechanism.
· Alt2: power scaling factor is configured. 
· Alt3: power scaling factor is determinded by #non-zero PUSCH port/#SRS ports in the SRS resource indicated by SRI.
· Alt4: A UE can scale its transmit power by  to reach full power, where
·  is a scale factor associated with  SRS ports corresponding to the PUSCH transmission and an optional th TPMI with rank .
· If a TPMI is not associated with , then  is determined without regard to  and . 
· If  is not configured by higher layers, a set of fixed values are defined for .
·  is the number of non-zero PUSCH ports being transmitted
· Alt5: For the precoders in the new codebook subset for full power transmission, the power scaling factor is 1.

Support alt1: OPPO, Samsung, QC, CATT (depending on UE capability)
Support alt2:
Support alt3: ZTE, CATT (depending on UE capability)
Support alt4:
Support alt5: Huawei, HiSilicon, CATT (depending on UE capability), LGE

	Company
	views 

	ZTE
	Support Alt3.

	OPPO
	Alt.1.  
We suggest to revise the proposal from “for a UE supports Mode1 operation” to “for a UE working with Mode1 operation”

	Intel
	We suggest to discuss this issue after RAN1 finalize the details of the actual codebook subset for Mode 1 operation.

	Samsung
	For mode 1, Rel. 15 scaling should be sufficient

	Huawei, HiSilicon
	Support Alt.5.

For Mode-1, the new codebook subset is introduced for full power transmission, so the precoders included should be with power scaling factor=1. 
As we discussed in our Tdoc, in the case of 20+20+20+20dBm, for non-coherent UE, [1 0 1 0] and [0 1 0 1] should be added in the new codebook subset for supporting full power. In such case, the description of Alt.1 is not proper.

	QC
	Support alt 1

	CATT
	It needs to be clarified if UE capability 1 can be configured with mode 1 operation. In our view nothing should prevent NW from doing this. Even for a capability 2 UE, full power may be achieved only by all PA combined, or a subset of PA combined. Power scaling should depend on actual UE capability.

	Apple
	We think the power scaling is an editorial issue. After details for mode 1 are clear, how to write down the power scaling scheme could be up to editor.



Proposal: for a UE working with Mode2 operation, for PUSCH power control,
· Alt1: power scaling factor is determinded by the reported TPMI precoders. 
· Alt2: power scaling factor is configured.
· Alt3: power scaling factor is determinded by #non-zero PUSCH port/#SRS ports in the SRS resource indicated by SRI.
· Alt4: A UE can scale its transmit power by  to reach full power, where
·  is a scale factor associated with  SRS ports corresponding to the PUSCH transmission and an optional th TPMI with rank .
· If a TPMI is not associated with , then  is determined without regard to  and . 
· If  is not configured by higher layers, a set of fixed values are defined for .
·  is the number of non-zero PUSCH ports being transmitted
[bookmark: _GoBack]Support alt1: ZTE, OPPO, Huawei, HiSilicon, LGE
Support alt2:
Support alt3:
Support alt4:

	Company
	views 

	ZTE
	Support Alt1.
When full power transmission is reported for the target TPMI, the full power transmission should be performed. If not, the power scaling factor for the target TPMI should be equal to “the number of NZP ports * min {full power factor for each port within the TPMI related NZP-port set {pi,,..., pj}}”, where candidate values for full power factor include {1/4, 1/2, 1}.

	OPPO
	Alt.1
We suggest to revise the proposal from “for a UE supports Mode2 operation” to “for a UE working with Mode2 operation”

	Intel
	We suggest to discuss this issue after RAN1 finalize the details of the actual codebook subset for Mode 2 operation.

	Samsung
	Agree with Alt 1 in principle, details can be discussed

	Huawei, HiSilicon
	Support Alt.1. The reported TPMI/TPMI groups are used for full power transmission, so the scaling factor should be 1 for the precoders.

	QC
	We agree with the principle of Alt 1. But we don’t agree with ZTE that full scaling factor needs to include {1/4, ½, 1}. For us, there are only two power scaling factors {1, Rel-15 power scaling factor}. Depends on which TPMI is using, UE use one of the power scaling factors. For precoders/groups UE reports full power capability, power scaling factor =1; otherwise, power scaling factor = Rel-15 factor.

	CATT
	We think this should depend on UE capability, as below. 
· For UE capability 2-1(full transmission power can be achieved only by the combination of all PAs) with 4Tx or UE capability 2 with 2Tx, the power of PUSCH is scaled by the ratio of (# non-zero ports) / (# SRS ports in SRS resource indicated by SRI);
· For UE capability 2-2 (full transmission power can be achieved by the combination of any two  PAs) with 4Tx, the power of PUSCH is scaled by the ratio of min{2*(# non-zero ports) / (# SRS ports in SRS resource indicated by SRI),1};
· For UE capability 3, if each non-zero port is associated with a full-rated PA, remove Rel.15 power scaling, otherwise do Rel.15 power scaling with actual SRS port number (e.g. # SRS ports in SRS resource indicated by SRI) 

	Apple
	We think the power scaling is an editorial issue. After details for mode 1 are clear, how to write down the power scaling scheme could be up to editor.




2.4 UE capability signaling
Following have been agreed in previous RAN1 meetings
· Regardless of UE capability 1, 2, or 3, signaling of “UL full power tx capability” is supported for UEs with full power uplink transmission capability
· Note: Support of Mode 1, Mode 2 have separate UE capability

Observation: proposals are diverse, more offline discussion is needed to identify necessary UE capability signaling.

On top of what have been agreed, following new capability signaling are proposed by companies:
	Huawei/HiSilicon
	 UE capability reporting including following parts:
1. UE capability reporting whether support mode(s) from Mode-1 and Mode-2;
2. UE capability reporting which TPMI/TPMI group(s) for full power transmission.

	vivo
	On top of already agreed UE capability, a new UE capability to support TPMIs/TPMI groups for Mode 2 is introduced.

	ZTE
	UE only needs to report power capability for each of the port selection TPMI precoders.

	Interdigital
	A UE reporting Capability 3, should indicate whether its PA architecture supports full power over single or two ports, e.g., one or more full-rated PA. The indicated information can be part of the initial UE capability signaling, e.g., Capability 3-1 or Capability 3-2, or it can be indicated separately by a UE. 
A UE reports only the structure of the precoder set that support full power transmission, e,g, wi or wj

	OPPO
	· signaling of “UL full power tx capability” for UE capability 1
· signaling of “Mode 1” for UE capability 2/3
· signaling of “Mode 2” for UE capability 2/3
· signaling of “Mode 1 and Mode 2” for UE capability 2/3

	CATT
	· For UE capability 2, consider the following two typical UE capabilities: 
· Capability 2-1: full transmission power can be achieved by the combination of all PAs
· Capability 2-2: full transmission power can be achieved by the combination of any two PAs
· For UE capability 3, considered the following UE capability:
· Full transmission power can be achieved by the first PA.

	Intel
	For Mode 1, the UE capability reporting should include the maximum number of antenna ports and whether antenna selection TPMIs are supported
For Mode 2, the UE capability reporting should include a set of antenna selection TPMIs enabling full power transmission.

	LG
	For Mode 2 in Rel-16 codebook based UL, UE reports 2- or 4-bit bitmap as an UE capability signaling to indicate the full-rated PA to gNB.

	Docomo
	It is required to distinguish between UE capability 1, 2 and 3 since the solution is different for different UE capabilities.

	Nokia, NSB
	Support both codebook subset and SRS resource indication for UE full Tx power capability.

	Qualcomm
	Two bits (level 2) to signal support mode 1 only, mode 2 only, both mode 1 and 2, none of mode 1 or 2.
UE supports mode 2, if the UE is with 4 Tx, additional 3 bits (level 3) are used for full power capability signaling.
UE supports mode 2, if the UE is with 2 Tx, additional 2 bits (level 3) are used for full power capability signaling.
For 4 Tx UEs that support mode 2, one additional bit of capability signaling is introduced to indicate whether they are able to synthesize 1 or 2 virtual ports that can independently transmit at full power. 
If this bit is set to ‘0’, then the UE is capable of synthesizing only 1 virtual port, and if this bit is set to ‘1’, the UE is capable of synthesizing 2 virtual ports.

	Samsung
	Three separate capabilities for: (1) UE cap 1 (2) mode 1, and (3) mode 2; In case of mode 2, additional capability signaling for TPMIs/TPMI groups indication




	Company
	views 

	QC
	When we discuss UE capability signaling, we should discuss the granularity of capability signaling as well, i.e., the granularity of capability signaling should be per feature set (per band per band combination) or per feature set per component carrier (per CC per band per band combination)

	Apple
	This is connected to details for mode 1 and 2. We suggest to decide it later – maybe during the UE capability discussion in Rel-16.

	
	

	
	

	
	

	
	




2.5: Number of PT-RS ports for Mode 1 and Mode 2
In Rel-15, up to two PT-RS ports is supported for codebook based transmission. The actual number depends on the specific codebook subset. In Rel-16, it should be clarified on the PT-RS transmission procedure after details of codebook subset are finalized.

Proposal: To discuss the PT-RS transmission procedure after details of codebook subset are finalized.

	Company
	views 

	Intel
	To discuss the issue.

	
	

	
	

	
	

	
	




2.6: others


	Company
	views 

	NTT DOCOMO
	The UE with capability 2 should support only Mode 1 and the UE with capability 3 should support only Mode 2.
In the current working assumption, there are six type UEs which support full power transmission in UE capability 2 and capability 3. It is not preferable that one UE capability is corresponding some UE behaviors. To solve the issue, we have two alternatives as follows:
· Alt1: The UE with capability 2 supports only Mode 1 and the UE with capability 3 supports only Mode 2.
· Alt2: The UE with capability 2 supports Mode 1/Mode 2, and the UE with capability 3 supports Mode 1/Mode 2.
The capability of “Full Tx Power UL transmission” would be an optional function. In this case, if Alt2 is introduced, a UE with capability 2/capability 3 may have either Mode 1 or Mode 2. For a given UE capability either 2 or 3, to support the UE having Mode 1 only and the UE having Mode 2 only, NW vendor should implement the function of both Mode 1 and Mode 2 in gNB.
Regarding the difference between Mode 1 and Mode 2, if Mode 1 supports only non-antenna selection TPMI precoders, supporting Mode 1 rather than Mode 2 is a small advantage for a UE with capability 3. On the other hand, in Mode 2, Rel-15 codebooks and codebook subset which are including non-antenna/antenna selection TPMI precoders are used. The antenna selection TPMI precoders can be used for at least UE capability 3.

	Samsung
	In our view, there are three separate UE capabilities supporting full power in Rel. 16: UE cap 1, mode 1 and mode 2

	
	

	
	

	
	





3. Agreements upto RAN1#97
UL full power transmission scheme
Full TX power UL transmission with multiple power amplifier is supported at least for codebook based UL transmission for non-coherent and partial/non-coherent capable UEs
· This specification support is a UE optional feature

Note: UE capability 1, 2, 3 agreed in RAN1#AH1901 mean the PA architectures.
· UE capability 1: for the UE to support full Tx power in UL transmission, full rated PAs on each Tx chain is supported with a new UE capability 
· UE capability 2: for the UE to support full Tx power in UL transmission, no Tx chain is assumed to deliver full power with the new UE capability 
· UE capability 3: for the UE to support full Tx power in UL transmission, subset of Tx chains with full rated PAs is supported with a new UE capability

Support following scheme for UL full power Tx for UE capability 2 and 3:
· A UE can be configured for one of two modes of full power operation to support ‘Capability 2’ and ‘Capability 3’ subject to UE capability
· A UE can be configured by the network to support full power transmission 
· Mode 1: The UE can be configured with one or more SRS resources with same number of SRS ports (according to Rel-15) within an SRS resource set which usage is set to ‘codebook’
· gNB can configure the UE to use a subset of TPMIs that combine ports in a layer to produce full power transmission.
· A new codebookSubset is introduced only for the rank value(s) where full power transmission in UL is not achievable includes the TPMI precoders in fullyAndPartialAndNonCoherent defined in Rel-15
· FFS: At least a subset of the non-antenna selection TPMI precoder(s) is(are) supported 
· FFS: Additional support of antenna selection TPMI precoders
· Mode 2: The UE can be configured with one SRS resource or multiple SRS resources with different number of SRS ports within a SRS resource set which usage is set to ‘codebook’
· UE transmits SRS and PUSCH in same manner, whether antenna virtualization is used or not
· Rel-15 codebooks and codebook subsets are used
· UL full power Tx is achieved for PUSCH transmission according to indicated SRI and/or TPMI
· A set of TPMIs that deliver full power can be signaled by the UE in order to support at least UEcap3, for SRS resource with more than 1 ports, 
· FFS: number of SRS resources supported 
· 2 
· 3 
· FFS: for 4 Tx, how many different TPMIs/TPMI groups support full power
· FFS: any rules for spatial filter update for the SRS resources with different number ports

Power scaling
For the the 2TX and 4TX case, the linear value of power after power scaling, is divided equally among the non-zero PUSCH ports
· The above applies for the cases including when UE transmitting at P_c_max


UE capability 
· At least for PC3, UE capability 1, 3 can support full power transmission.
· Regardless of UE capability 1, 2, or 3, signaling of “UL full power tx capability” is supported for UEs with full power uplink transmission capability
· The signaling of above information does not imply any specific UE PA architecture implementation.
· Note: Support of Mode 1, Mode 2 have separate UE capability
· Note: UE capability 1, 2, 3 agreed in RAN1#AH1901 mean the PA architectures.


4. References:
	R1-1908068
	Remaining issues on UL MIMO full power transmission with multiple PAs
	Huawei, HiSilicon

	R1-1908168
	Remaining issues on UL full power transmission
	vivo

	R1-1908193
	Full TX Power UL transmission
	ZTE

	R1-1908234
	Remaining Details on Full TX Power UL Transmission
	InterDigital, Inc.

	R1-1908353
	Discussion on the Full TX power UL transmission
	OPPO

	R1-1908381
	Full TX Power UL transmission
	MediaTek Inc.

	R1-1908503
	View on full power UL transmission
	Samsung

	R1-1908604
	Considerations on uplink full Tx power transmission
	CATT

	R1-1908655
	Remaining details of full Tx power UL transmission
	Intel Corporation

	R1-1908701
	Discussion on full Tx power uplink transmission
	LG Electronics

	R1-1908960
	Discussion on full TX power for UL transmission
	Spreadtrum Communications

	R1-1909049
	Remaining Issues for UL Full Power transmission
	Apple Inc.

	R1-1909125
	Scheme details and capabilities for full power UL transmission
	Ericsson

	R1-1909203
	Full Tx Power UL transmission
	NTT DOCOMO, INC.

	R1-1909211
	On the full Tx power UL transmission
	Nokia, Nokia Shanghai Bell

	R1-1909274
	Full Tx power for UL transmissions
	Qualcomm Incorporated



