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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
2.1.1.  Mode 1

Q1: 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.


Q2: Which TPMI precoder(s) is (are) supported if Option 2 above is agreed?
For 2Tx, non-coherent: (rank1 only)
Offline agreement: For full power transmission, For mode 1, 2Tx non-coherent UE, the new codebook subset at least includes rank=1 TPMI=2 fullyAndPartialAndNonCoherent defined in Rel-15 which can be used for UL full power transmission.

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, 
Offline agreement: For mode 1, 4Tx non-coherent UE, the new codebook subset at least includes, rank 1 TPMI= 13 defined in Rel-15 which can be used for UL full power transmission, at least in the case that full power only be enabled by all 4 PAs simultaneously transmission,
FFS for the case that part of ports can deliver full power transmission
Offline proposal:
· at least includes, rank 2 TPMI= 6 defined in Rel-15
· at least includes, rank 3 TPMI= 1 defined in Rel-15


Q3:  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:

Q4: The new codebooksubset includes antenna selection TPMI precoder(s)
Support: Intel, Spreadtrum, Samsung, Huawei, HiSilicon, CATT, LGE
Not support: Ericsson, DOCOMO, ZTE,

Observation: .
Proposal:


2.1.2.  Mode 2
Q1: 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.
Offline proposal: Maximum of [2 or4] SRS resources are supported in Mode 2 for usage is set to ‘codebook’ in a set
Note: it does not mean to support simultaneous transmission of multiple SRS resources usage is set to ‘codebook’


Q2: On TPMIs/TPMI grouping scheme supporting full power transmission
Offline proposal: 
For 2Tx non-coherent, support following TPMI indication for rank 1 which support UL full power transmission:
· Rank 1: at least {TPMI=0} is supported
· FFS: Select one out of two possibilities {TPMI=1} or {TPMI=0 and 1} 

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}


Q3: 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.


Q4: 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.: …

Q5: 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.: …


2.2.  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 


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


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
Support alt1: ZTE, OPPO, Huawei, HiSilicon, LGE
Support alt2:
Support alt3:
Support alt4:


2.3. 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





2.4. : 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.


2.5. [bookmark: _GoBack] 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.
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