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

2. Key issues 
Issue 1: Power scaling schemes
· Alt1: Power scaling ratio=1, the linear value of power  is divided equally among the non-zero PUSCH ports
· Alt2: The scale factor is the ratio of the number of antenna ports with a non-zero PUSCH transmission power to the configured number of SRS ports in the SRS resource set with usage set to ‘codebook’ for codebook based PUSCH
· Alt3: For the precoders with at least one antenna port are not full rated PAs, power is scaled by scaling factor β = N/M where N is number of activated antennas that are associated with any PUSCH layer, M is the maximum number of SRS ports supported by the UE in one SRS resource
· Alt4: UE scales the linear value of PUSCH power by ,  can be either 1 or the ratio of the number of antenna ports with a non-zero PUSCH transmission power to the maximum number of SRS ports supported by the UE in one SRS resource
· Alt5: 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

Proposal:
The linear value of power  is divided equally among the non-zero PUSCH ports.



	Company
	views 

	ZTE
	“Power scaling by the ratio of the number of non-zero power antenna ports to the maximum number of SRS ports supported by the UE” in Rel-15 should be removed, i.e., power scaling ratio=1.
Maximum power limitation per antenna port should be introduced to avoid power overflow. 

	CATT
	For the precoders with all non-zero antenna ports are full rated PAs, no power scaling
For the precoders with at least one antenna port are not full rated PAs, the linear value [image: ] of a PUSCH transmission power is scaled by scaling factor β = N/M where N is number of activated antennas that are associated with any PUSCH layer, M is the maximum number of SRS ports supported by the UE in one SRS resource.

	LG
	Introduce RRC configurable scaling factor for uplink codebook in order to achieve full Tx power UL transmission.
If UE reports UE capability 1, UE scales the linear value of PUSCH power by  and the UE splits the power equally across the antenna ports on which the UE transmits the PUSCH with non-zero power, where  can be configured by RRC parameter.
·  can be either 1 or the ratio of the number of antenna ports with a non-zero PUSCH transmission power to the maximum number of SRS ports supported by the UE in one SRS resource.

	Samsung
	Support the following Option 3 based solution for UE capability 1 
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.

	OPPO
	For codebook based PUSCH, Rel-16 support the power control scheme where the transmit power is scaled with a factor before allocating power to each port. Three scale factors are supported in Rel-16
· Alt.1: Same scale factor as Rel-15 
· Alt.2: The scale factor is the ratio of the number of antenna ports with a non-zero PUSCH transmission power to the configured number of SRS ports for codebook based PUSCH
· Alt.3: The scale factor is 1
· Rel-16 UE reports its support of Alt.2 or/and Alt.3 via optional capability signaling
For codebook based PUSCH of a UE supporting Alt.2 or/and Alt.3, network can indicate UE via RRC signaling which alternative of Alt.1/2/3 is used for PUSCH power control.

	Ericsson
	UEs divide transmitted power equally among non-zero power antenna ports
Specify the modified power scaling needed for the agreed alternative according to the text proposal in section 5.

	Qualcomm
	The linear value of power  is divided equally among the non-zero PUSCH ports

	NTT Docomo
	We do not prefer Alt4. We believe the exact value of transmission power should not be up to UE implementation.

	IDC
	The selection of the scaling schemes depends on the ultimate supported set of UE capabilities, without that agreement it may not be straightforward to have a discussion on the scaling part alone.




Issue 2: supported UE capabilities and supported scheme
#2.1: number of supported UE capabilities
· Alt1: 1 new UE capability
· Alt2: 2 new UE capabilities: Samsung (UE cap 1 and 2)
· Alt3: 3 new UE capabilities
#2.2: supported scheme for UE capability 1
· Alt1: Option 3
· Alt2: Option 3+Option 1-2
#2.3: supported scheme for UE capability 2
· Alt1: Option1-1 + Option2
· Alt2: Option 2 + Option 1-2
· Alt3: Option 3+ Option2
· Alt4: Option 3+ Option2+ Option1-1
· Alt5: Option 5
#2.4: supported scheme for UE capability 3
· Alt1: Option1-1 + Option2
· Alt2: Option 3+Option 1-2
· Alt3: Option 4
· Alt4: Option 5


Proposal:
On number of supported UE capabilities following alternatives are listed for discussion, down select one alternative in this meeting.
Alt1: 1 new UE capability
· Supported by: 
Alt2: 2 new UE capabilities
· [bookmark: _GoBack]Supported by: Samsung (UE cap 1 and 2), vivo, 
Alt3: 3 new UE capabilities
· Supported by: 


	Company
	Views

	Huawei
	All of UE ‘capability’ 1, 2 and 3 in previous agreements should be supported for full power transmission.
For UE ‘capability’ 1 or 3, the Alt-2 (i.e., Option 3+Option 1-2) should be supported; for UE ‘capability’ 2, Alt-3 (i.e., Option 2 + Option 1-2) should be supported.

	ZTE
	Proposal-1: Option3 or (Opiton3 + Option1-2) should be supported if UE is configured with PA supported TX power of more than 1/N Pcmax.
Proposal-2: Option1-1 or (Option1-1 + Option2) can be supported.

	vivo
	Proposal: define UE capabilities for UL full power Tx based on whether UE performs Tx antenna virtualization, 2 capabilities would suffice to address all three scenarios.

	MediaTek
	A non-coherence capable UE with UE Capability 2 can be signalled to use a precoder originally designed for partial coherent transmission/full coherent transmission in a Rel-15 UL MIMO codebook; a partial coherence capable UE can be signalled to use a precoder originally designed for full coherent transmission in a Rel-15 UL MIMO codebook. 
Small delay CDD can be used for the situation with severe phase discontinuity.

	AT&T
	For UE capability signaling support 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 Option 4 for utilizing the full power transmission for uplink

	CATT
	UE capability 1 is specified in Rel-16.
Whether UE capability 2 is specified should be determined based on the decision on the full power transmission scheme for Rel-16.
UE capability 3 is specified in Rel-16..

	LG
	UE can report desirable codebook subset as UE capability signaling to be used for full power uplink transmission.

	Intel 
	Support one of the following options to combine the UE capabilities and send an LS to RAN4 for further down-selection. 
· Option 1: UE reports a bit-map for antenna ports that can support full power transmission. If UE capability is not reported, UE cannot support full power transmission.
· Option 2: UE reports number of antenna ports that can support full power transmission. If UE capability is not reported, UE cannot support full power transmission.

	Samsung
	In our view, we don’t think we need to support all three capabilities, we propose to down-select to at most two UE capabilities (UE cap 1 and 2).
Both UE capability 1 and 2 can achieve full Tx power UL transmission
If the NW is unaware of the information whether a Tx chain has a full rated PA or not, then UE capability 3 is analogous to UE capability 2, hence UE capability 2 and 3 can be merged.
UE capability 3 is merged with UE capability 2 (assuming NW is unaware of the information whether a Tx chain has a full rated PA or not)
Support at least one of UE capability 1 and 2
a solution based on Option 3 (UL power control) is used for UE capability 1, if supported.
a solution based on Option 1-1 (new/modified codebookSubset) is used UE capability 3, if supported.
Support Option 1-1 based solution for UE capability 2
· Reuse Rel. 15 TPMIs as additional TPMIs
· Additional TPMIs replace some of the Rel. 15 TPMIs
· The number of additional TPMIs should be such that the payload of SRI+TPMI indication remains the same as in Rel. 15.
· Additional TPMIs are introduced only for the following rank values

	Nokia
	Support to adjust the non-coherent and partial-coherent codebook size with a new codebook subset.
No full power Tx solution is needed for UE capability 1.

	IDC
	UE capability 3 is supported, a UE reports power rating and coherence capability per transmitter chain, reporting of power and coherence per panel, 
solution based on option 2 (virtualization) is supported.

	OPPO
	New codebook subset for non-coherent and partial-coherent UEs 

	Spreadtrum
	Support UE capability 1 and capability 2 to satisfy different UE types for full TX power UL transmission.

	Ericsson
	Down select:  
Alt 1: Support Option 3 
Alt 2: Support Option 3 + 2 
Alt 3: Support Option 3 + 2 + 1-1

	Qualcomm
	Support all three UE capabilities (capability 1, capability 2, and capability 3) 
· adopt option 1-1 + option 2 to add a subset of precoders with nonzero entries to PUSCH codebook. 
· For existing precoders with zero entries in Rel-15 PUSCH codebook, adopt option 5 to support full power UL transmissions

	CMCC
	The three new UE capabilities should be supported for full power transmission.
From our perspective, Alt. 1 (Option 1-1 + Option 2) is preferred for UE capability 2.

	NTT Docomo
	All of UE capability 1, 2 and 3 should be supported. For UE capability 3, we believe antenna port switching can transmit with full power.




Issue 3: capability signaling
#3.1: capability signaling of supported one or group of TPMI precoder(s)
#3.2: for UE capability 3, PA capability per RF chain
#3.3: capability signal of power scaling schemes
#3.4: UE capability reporting identifies whether Pmax(n,m)=Pcmax for all (n,m) or if Pmax(n,m)<Pcmax for some (n,m)

Proposal:
On what is signaled as port of UE capabilities, following alternatives are listed for discussion, down select one alternative in this meeting.
Alt1: capability signaling of supported one or group of TPMI precoder(s)
· Supported by:
Alt2: PA capability per RF chain (for UE capability 3 )
· Supported by:
Alt3: capability signal of power scaling schemes
· Supported by:
Alt4: UE capability reporting identifies whether Pmax(n,m)=Pcmax for all (n,m) or if Pmax(n,m)<Pcmax for some (n,m)
· Supported by:



	Company
	views 

	Huawei
	A UE capability reporting for full power transmission can be through reporting the capability of codewords, such as reporting UE have the capability of [1 0] means supporting full power transmission on one of antenna ports.

	ZTE
	Information of antenna port group or TPMI group that support full TX power transmission should be reported by UE capability signaling.

	LG
	UE can report desirable codebook subset as UE capability signaling to be used for full power uplink transmission.

	Nokia
	For UE capability 3, UE capability signalling shall include its PA capability per RF chain

	IDC
	To indicate UE capability 3, a UE reports power rating and coherence capability per transmitter chain.

	OPPO
	Rel-16 UE reports its support of power scaling scheme Alt.2 or/and Alt.3 via optional capability signaling

	Ericsson
	UEs can transmit a maximum power Pmax(n,m) over n non-zero antenna ports out of m (zero + non-zero) antenna ports
· UE capability reporting identifies whether Pmax(n,m)=Pcmax for all (n,m) or if Pmax(n,m)<Pcmax for some (n,m)

	Samsung
	In our view, UE capability signaling should be simple, for example, UE can signal whether or not it can support full power per Tx chain; we should avoid making capability signaling complicated.




Issue 4: others
#4.1: Full coherent UE capability and full Tx power UE capability

#4.2: antenna switching for the case of subset of Tx chains with full rated PAs 

#4.3: RRC configurable/signaling of scaling factor

#4.4: PTRS power for non-codebook based Tx

#4.5: UL full Tx power applicable for all power classes

#4.6: UE applies S-CDD for SRS transmission

#4.7: Simultaneous intra-UE PUCCH and PUSCH transmissions


	Company
	views 

	Huawei
	For full coherent capable UE, partial coherent/non coherent codewords should also be enhanced to support full power transmission.
The codeword reported by UE for full power transmission capability is added in the TPMI, and when the codeword is indicated in DCI and PHR≤xdBm, scaling factor in power control mechanism is 1.
· For 2 configured antenna ports with non-coherent capability UE or 4 configured antenna ports with partially-coherent UE, x=3.
· For 4 configured antenna ports with non-coherent capability UE, x=6.

	CATT
	Full power transmission should be supported when a fully-coherent UE is scheduled with non-coherent/partial-coherent TPMIs. 
UE capability on full power transmission applies to all types of power class.
For a UE with full power capability, whether the power control scheme for full power transmission is used is explicitly indicated.

	MediaTek
	If the antenna switching based approach is utilized, the PUSCH scheduling latency may be impacted as the network may have to assume the longest switching time.

	Samsung
	Full TX power UL transmission enhancement in Rel. 16 is not supported for full-coherent capable UEs.

	NTT Docomo
	In UE with capability 3, the antenna port switching for full rated PA should be assumed so that the UE can transmit with full power for any antenna port and antenna port combination. The necessary time duration for the antenna port switching should be studied.

	LG
	RRC configurable scaling factor for uplink codebook in order to achieve full Tx power UL transmission

	Intel
	To support full power transmission, it should be supported that ptrs-Power could be set to “01” for non-codebook based transmission.

	Qualcomm
	Extend the definitions of the three capabilities to UEs of any power class and to UEs with coherent antenna capability.
UE transparently applies a small cyclic or linear delay to a subset of existing SRS ports defined for codebook-based PUSCH. The same amount of delay is applied in SRS sounding and corresponding PUSCH transmission.
For UE with MIMO capability, support simultaneous intra-UE PUCCH and PUSCH transmissions cross non-coherent or partial coherent antenna ports on one OFDM symbol.
· Channel dropping is applied if the sum rank or sum power of the simultaneous transmissions exceeds UE capability.

	IDC
	Allow cell-edge UEs with capability 2 to avoid a potential power loss by overriding codebook subset restriction.





3. Previous agreements
RAN1#94bis agreements
Agreement
Consider the following potential solutions and other solutions (such as combination of the solutions below) for UL full power transmission. Decision will be made in RAN1#95:
Option 1: Refinement/adjustment of UL codebook is supported
· 1-1: Support a new codebookSubset for non-coherent and partial-coherent transmission capable UEs
· 1-2: Introduce additional scaling factor for uplink codebook
Option 2: UE transparently apply a small cyclic or linear delay
Option 3: Power control mechanism to be modified to support UL full power transmission without precluding the use of full rated PA(s)
· Note: Full rated PA refers to a PA having power not lower than that of the power class
Option 4: Up to UE implementation (no specification impact)

RAN1#95 agreements
Agreement
Full TX power UL transmission with multiple power amplifier is supported at least for codebook based UL transmission for non-coherent and partial/non-coherent capable UEs
· This specification support is a UE optional feature
· FFS: Whether this applies for the entire codebook or subset of codebook

Agreement
Full TX power UL transmission, one additional option (option 5) is added

Option5: For the precoders with 0 entries, the linear value  of a PUSCH transmission power is scaled by a ratio Rel-16.  The value of Rel-16 is selected up to UE implementation within the range of [Rel-15, 1],  where Rel-15 is the ratio of the number of antenna ports with a non-zero PUSCH transmission power to the number of configured antenna ports for the PUSCH transmission scheme as defined in NR Rel-15 specification.  
· UE is required to maintain consistent Rel-16 value on different occasions of PUSCH transmissions with the same precoder for PUSCH

Agreement
Full TX power UL transmission, option 4 is updated as follows
Option 4: Up to UE implementation with UE capability signalling of full power transmission in UL (no specification impact)

For guidance in future RAN1 discussions:
Understanding of antenna virtualization for ease of discussion (not for specification):
· A UE forms an antenna port by transmitting on one or more TX chains (each with a power amplifier)

RAN1#AH1901 agreements
Agreement
Full TX power UL transmission with multiple power amplifier is supported at least for codebook based UL transmission for non-coherent and partial/non-coherent capable UEs. The support of this feature is indicated by the UE as part of UE capability signalling. For power class 3:
· UE capability 1: for the UE to support full Tx power in UL transmission, full rated PAs on each Tx chain is supported with a new UE capability 
· FFS: detailed power scaling description 
· Note: Full Tx power means UE delivers total power of 23dBm for PC3
· UE capability 2: for the UE to support full Tx power in UL transmission, no Tx chain is assumed to deliver full power with the new UE capability 
· FFS: detailed design
· UE capability 3: for the UE to support full Tx power in UL transmission, subset of Tx chains with full rated PAs is supported with a new UE capability
FFS: Whether all three capabilities will be specified or a subset will be specified
FFS: UE capability signalling/reporting details
Note: Two or more of the above capabilities could be merged depending on the further details
Send LS to RAN4 to provide their view on PC 2 applicability of the new UE capability (Rakesh, vivo).

The LS is endorsed in principle with revisions. LS is endorsed in R1-1901440

4. References:
	R1-1901569
	Enhancements on UL MIMO with multiple PAs to allow full power transmission
	Huawei, HiSilicon

	Proposal 1: Full power transmission should be considered for all ranks for partially / non-coherent UE.
Proposal 2: For full coherent capable UE, partial coherent/non coherent codewords should also be enhanced to support full power transmission.
Proposal 3: All of UE ‘capability’ 1, 2 and 3 in previous agreements should be supported for full power transmission.
Proposal 4: A UE capability reporting for full power transmission can be through reporting the capability of codewords, such as reporting UE have the capability of [1 0] means supporting full power transmission on one of antenna ports.
Proposal 5: For UE ‘capability’ 1 or 3, the Alt-2 (i.e., Option 3+Option 1-2) should be supported; for UE ‘capability’ 2, Alt-3 (i.e., Option 2 + Option 1-2) should be supported.
Proposal 6: The codeword reported by UE for full power transmission capability is added in the TPMI, and when the codeword is indicated in DCI and PHR≤xdBm, scaling factor in power control mechanism is 1.
· For 2 configured antenna ports with non-coherent capability UE or 4 configured antenna ports with partially-coherent UE, x=3.
· For 4 configured antenna ports with non-coherent capability UE, x=6.

	R1-1901636
	Full TX Power UL transmission
	ZTE

	Proposal-1: Option3 or (Opiton3 + Option1-2) should be supported if UE is configured with PA supported TX power of more than 1/N Pcmax.
· “Power scaling by the ratio of the number of non-zero power antenna ports to the maximum number of SRS ports supported by the UE” in Rel-15 should be removed, i.e., power scaling ratio=1.
· Maximum power limitation per antenna port should be introduced to avoid power overflow. 
Proposal-2: Option1-1 or (Option1-1 + Option2) can be supported.
· The subset of codewords for only non-coherent UE should be redefined to include one or more codewords which are originally designed for the capability of partial coherent and full coherent.
· The subset of codewords for partial-coherent UE should be redefined to include one or more codewords which are originally designed for the capability of full coherent.
· If a UE is indicated a codeword that requires more antenna ports than its coherent capability, UE does not need to obey the phase offset among the corresponding antenna ports according to the codeword.
· gNB should have the control to configure a Rel-16 UE the subset of codewords so that it can select between the new refined subset introduced in Rel-16 and the old subset supported in Rel-15.
Proposal-3: Information of antenna port group or TPMI group that support full TX power transmission should be reported by UE capability signaling.

	R1-1901704
	Further discussion on full TX power for codebook based UL transmission
	Vivo

	Proposal: define UE capabilities for UL full power Tx based on whether UE performs Tx antenna virtualization, 2 capabilities would suffice to address all three scenarios.


	R1-1901791
	Full TX Power UL transmission
	MediaTek Inc.

	Observation 1: If the antenna switching based approach is utilized, the PUSCH scheduling latency may be impacted as the network may have to assume the longest switching time. 

Observation 2:  Small delay CDD provides robust performance and good performance gain over the Rel-15 non-coherence transmission scheme; depending on the relative phase error characteristics, allowing the use of coherent codewords without the additional small delay CDD operation can be also helpful.
Proposal:   
1) A non-coherence capable UE with UE Capability 2 can be signalled to use a precoder originally designed for partial coherent transmission/full coherent transmission in a Rel-15 UL MIMO codebook; a partial coherence capable UE can be signalled to use a precoder originally designed for full coherent transmission in a Rel-15 UL MIMO codebook. 
2) Small delay CDD can be used for the situation with severe phase discontinuity.

	R1-1901908
	On Full Transmit Power for UL Transmission
	AT&T

	Proposal 1:  Support Option 4 for utilizing the full power transmission for uplink
Proposal 2:  For UE capability signaling support 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

	R1-1902021
	Full Tx power UL transmission
	CATT

	Observation 1:
· With option 1-1, UE is not able to hold phase coherency across non-coherent antenna groups, the actual SNR of PUSCH may be severely mismatched with the SNR during TPMI/MCS selection. 
Observation 2: 
· Option 1-2 is inapplicable as the codebook scaling factor does not affect transmit power.
Observation 3: 
· There is not sufficient details to evaluate option 2 in terms of satisfying the full-power transmission requirement, and more important, the impact on system-level performance. 
Observation 4:
· For option 4 and option 5, the power scaling factors for precoders are unknown to gNB, the performance of UE cannot be guaranteed. 
Observation 5:
· The performance would be degraded by allowing the non-/partial coherent capability UE to be indicated with precoder(s) that exceeds the UE’s coherent capability. 
We propose that:
Proposal 1:
· UE capability 1 is specified in Rel-16.
Proposal 2:
· Whether UE capability 2 is specified should be determined based on the decision on the full power transmission scheme for Rel-16.
Proposal 3:
· UE capability 3 is specified in Rel-16.
Proposal 4:
· Full power transmission should be supported when a fully-coherent UE is scheduled with non-coherent/partial-coherent TPMIs. 
Proposal 5:
· UE capability on full power transmission applies to all types of power class.
Proposal 6:
· Consider the following power control scheme for Rel-16 UEs with full power capability:
· For the precoders with all non-zero antenna ports are full rated PAs, no power scaling
· For the precoders with at least one antenna port are not full rated PAs, the linear value [image: ] of a PUSCH transmission power is scaled by scaling factor β = N/M where N is number of activated antennas that are associated with any PUSCH layer, M is the maximum number of SRS ports supported by the UE in one SRS resource.
Proposal 7:
· For a UE with full power capability, whether the power control scheme for full power transmission is used is explicitly indicated.

	R1-1902093
	Discussion on full Tx power uplink transmission
	LG Electronics

	Proposal1: Introduce RRC configurable scaling factor for uplink codebook in order to achieve full Tx power UL transmission.
Proposal2: If UE reports UE capability 1, UE scales the linear value of PUSCH power by  and the UE splits the power equally across the antenna ports on which the UE transmits the PUSCH with non-zero power, where  can be configured by RRC parameter.
·  can be either 1 or the ratio of the number of antenna ports with a non-zero PUSCH transmission power to the maximum number of SRS ports supported by the UE in one SRS resource.
Proposal3: UE can report desirable codebook subset as UE capability signaling to be used for full power uplink transmission.

	R1-1902307
	View on full power UL transmission
	Samsung

	Observations: 
· Full TX power UL transmission with multiple power amplifiers is already supported for full-coherent capable UEs in Rel. 15
· Both UE capability 1 and 2 can achieve full Tx power UL transmission
· If the NW is unaware of the information whether a Tx chain has a full rated PA or not, then UE capability 3 is analogous to UE capability 2, hence UE capability 2 and 3 can be merged.
· If the NW is aware of the information whether a Tx chain has a full rated PA or not, then 
· a solution supporting UE capability 3 can be quite complicated, 
· UE implementation complexity can be quite large, and
· UE capability signaling is complicated.
Proposals: 
· Full TX power UL transmission enhancement in Rel. 16 is not supported for full-coherent capable UEs.
· Regarding three UE capabilities,
· UE capability 3 is merged with UE capability 2 (assuming NW is unaware of the information whether a Tx chain has a full rated PA or not)
· Support at least one of UE capability 1 and 2
· For full power UL transmission,
· a solution based on Option 3 (UL power control) is used for UE capability 1, if supported.
· a solution based on Option 1-1 (new/modified codebookSubset) is used UE capability 3, if supported.
· Support the following Option 3 based solution for UE capability 1 
· 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 the following Option 1-1 based solution for UE capability 2 
· Reuse Rel. 15 TPMIs as additional TPMIs
· Additional TPMIs replace some of the Rel. 15 TPMIs
· The number of additional TPMIs should be such that the payload of SRI+TPMI indication remains the same as in Rel. 15.
· Additional TPMIs are introduced only for the following rank values
· For 2 antenna ports and NC capable UE, additional TPMIs are introduced only for rank 1. 
· For 4 antenna ports and PC capable UE, additional TPMIs are introduced only for rank 1. 
· For 4 antenna ports and NC capable UE, additional TPMIs are introduced only for rank 1, 2, and 3.  

	R1-1902504
	On full power uplink transmission
	Intel Corporation

	Proposal 1: Support one of the following options to combine the UE capabilities and send an LS to RAN4 for further down-selection. 
· Option 1: UE reports a bit-map for antenna ports that can support full power transmission. If UE capability is not reported, UE cannot support full power transmission.
· Option 2: UE reports number of antenna ports that can support full power transmission. If UE capability is not reported, UE cannot support full power transmission.
Proposal 2: To support full power transmission, it should be supported that ptrs-Power could be set to “01” for non-codebook based transmission.

	R1-1902565
	On the Full TX Power UL transmission
	Nokia, Nokia Shanghai Bell

	Observation 1: No full power Tx solution is needed for UE capability 1.
Observation 2: For UE capability 2, new full power Tx solution is needed.
Observation 3: For UE capability 3, UE capability signalling shall include its PA capability per RF chain.
Proposal 1: Support to adjust the non-coherent and partial-coherent codebook size with a new codebook subset.
Proposal 2: Clarification on the uplink power control on the number of “configured” antenna ports is needed.
Proposal 3: Align uplink codebook scaling factor definition for both Rel-15 UL codebooks and Rel-16 UL codebooks.
Proposal 4: Further study potential UL performance impact of Option 5.

	R1-1902616
	Discussion on Solutions and UE Capabilities for Full TX Power UL 
	InterDigital, Inc.

	Proposal 1: To maintain full TX power for all UE coherency level, UE capability 3 is supported.
Proposal 2: To indicate UE capability 3, a UE reports power rating and coherence capability per transmitter chain.
Proposal 3: Assuming UE capability 3 with reporting of power and coherence per panel, solution based on option 2 (virtualization) is supported.
Proposal 4: For UE with capability 2, to avoid a power loss, a UE could override codebook subset restriction if its estimated SINR falls below a threshold.

	R1-1902705
	Discussion on the Full TX power UL transmission
	OPPO

	Proposal 1: For codebook based PUSCH, Rel-16 support the power control scheme where the transmit power is scaled with a factor before allocating power to each port. Three scale factors are supported in Rel-16
· Alt.1: Same scale factor as Rel-15 
· Alt.2: The scale factor is the ratio of the number of antenna ports with a non-zero PUSCH transmission power to the configured number of SRS ports for codebook based PUSCH
· Alt.3: The scale factor is 1
· Rel-16 UE reports its support of Alt.2 or/and Alt.3 via optional capability signaling
Proposal 2: For codebook based PUSCH of a UE supporting Alt.2 or/and Alt.3, network can indicate UE via RRC signaling which alternative of Alt.1/2/3 is used for PUSCH power control.
Proposal 3: For codebook based PUSCH, network can configure the codebook subset corresponding fullyAndPartialAndNonCoherent to all Rel-16 UEs.

	R1-1902727
	Discussion on full TX power for UL transmission
	Spreadtrum Communications

	Observation 1: UE capability 1 is the most straightforward capability for full TX power UL transmission.
Observation 2: The functionality of the additional scaling factor can be substituted by β_PUSCH stated in 38.211.
Observation 3: UE capability 2 is attractive for the UE with non-full rated PAs.
Observation 4: UE capability 3 is less flexible compared with other capabilities.
Proposal 1: Support UE capability 1 and capability 2 to satisfy different UE types for full TX power UL transmission.

	R1-1902814
	Full Tx Power UL transmission
	NTT DOCOMO, INC.

	Proposal 1: 
· UE capability 2 and/or capability 3 should be further studied and specified in addition to UE capability 1.
· In UE with capability 3, the antenna port switching for full rated PA should be assumed so that the UE can transmit with full power for any antenna port and antenna port combination.
Proposal 2: 
· For UE with capability 3, the necessary time duration for the antenna port switching should be studied.

	R1-1902826
	On full power UL transmission
	Ericsson

	Proposal 1:
· UEs divide transmitted power equally among non-zero power antenna ports
· UEs can transmit a maximum power Pmax(n,m) over n non-zero antenna ports out of m (zero + non-zero) antenna ports
· UE capability reporting identifies whether Pmax(n,m)=Pcmax for all (n,m) or if Pmax(n,m)<Pcmax for some (n,m)
Proposal 2:
· Downselect to one of the following alternatives
· Alt 1: Support Option 3 
· UEs are configured to use a modified 38.213 power scaling such that full power is delivered when ports are not virtualized
· Alt 2: Support Option 3 + 2 
· UEs are configured to use a modified 38.213 power scaling such that full power is delivered
· Scaling for either virtualized or non virtualized can be configured
· UEs can be configured to transmit one or multiple SRS resources with different numbers of ports in different resources
· UE implementations may virtualize Tx chains to form SRS ports 
· Rel-15 non-coherent TPMIs are used
· Alt 3: Support Option 3 + 2 + 1-1
· UEs may be configured to use a modified 38.213 power scaling such that full power is delivered 
· Scaling for either virtualized or non virtualized can be configured
· UEs can be configured to transmit one or multiple SRS resources with different numbers of ports between resources
· UE implementations may virtualize Tx chains to form SRS ports 
· Rel-15 non-coherent TPMIs are used
· Define extended codebooks for partial- and non-coherent UEs
· For non-coherent UEs 
· UEs are not expected to maintain the relative phase between antenna ports over multiple slots
· For partially-coherent UEs 
· UEs are not expected to maintain the relative phase between antenna ports 0&1 or 2&3 over multiple slots
· Codebooks are extended without redundant TPMIs
· The absolute value of one precoding matrix should not be the same as the absolute value of another precoding matrix.
· UEs configured are configured to use the extended subsets, and need not support the modified power scaling
· Specify the modified power scaling needed for the agreed alternative according to the text proposal in section 5.

	R1-1903011
	Full Tx power for UL transmissions
	Qualcomm Incorporated

	Proposal 1: Support all three UE capabilities (capability 1, capability 2, and capability 3) defined in RAN1 AH-1901 for full power UL transmissions.
Proposal 2: Extend the definitions of the three capabilities to UEs of any power class and to UEs with coherent antenna capability.
Proposal 3: Adopt the solutions in the following table to support full power UL transmissions in Rel-16.
	Solution
	non-coherent and partial/non-coherent antenna ports
	Coherent antenna ports

	UE capability 1
	The linear value of power  is divided equally among the non-zero PUSCH ports

	UE capability 2
	· adopt option 1-1 + option 2 to add a subset of precoders with nonzero entries to PUSCH codebook. 
· For existing precoders with zero entries in Rel-15 PUSCH codebook, adopt option 5 to support full power UL transmissions 
	For existing precoders with zero entries in Rel-15 PUSCH codebook, adopt option 5 to support full power UL transmissions 

	UE capability 3
	
	



Proposal 4: Option 1-1+option 2 is implemented by allowing the following PUSCH precoders with non-zero entries that span across non-coherent antenna ports with up to UE implementation e.g. a small cyclic or linear delay may be applied across non-coherent antenna ports.
· Introduce a new codebookSubset = “noncoherentWithCyclicDelay” in 38.212 Section 7.1 for UEs with noncoherent antennas to include:
· TPMIs 0 to 2 in 38.211 Table 6.3.1.5-1 (Single-layer transmission using two antenna ports).
· TPMIs 0 to 4, 8, and 12 in 38.211 Table 6.3.1.5-2 (Single layer transmission using four antenna ports with transform precoding). 
· TPMIs 0 to 4, 8, and 12 in 38.211 Table 6.3.1.5-3 (Single layer transmission using four antenna ports without transform precoding).
· TPMI 0 to 6 in 38.211 Table 6.3.1.5-5 (Two layer transmission using four antenna ports without transform precoding),
· and TPMI 0 to 1 in 38.211 Table 6.3.1.5-6 (Three layer transmission using four antenna ports without transform precoding).
· For Tables not listed above, set of allowed TPMI remains same as that for codebookSubset “nonCoherent” in 38.212
· Introduce a new codebookSubset = “partialAndNonCoherentWithCyclicDelay” in 38.212 Section 7.1 for UEs with partial and noncoherent antennas to include:
· TPMIs 0 to 19, in 38.211 Table 6.3.1.5-2 (Single layer transmission using four antenna ports with transform precoding).
· TPMIs 0 to 19 in 38.211 Table 6.3.1.5-3 (Single layer transmission using four antenna ports without transform precoding). 
· For Tables not listed above, set of allowed TPMI remains same as that for codebookSubset “partialAndNonCoherent” in 38.212.
· Support of this feature of Option 1-1+Option 2 is subject to UE capability per band-band combination.

Proposal 5: Adopt Option 5 as agreed in RAN #95 meeting to support UL full power transmissions with precoders with zero entries.
Proposal 6: To sound for PUSCH with the added subset of precoders in Proposal 3, UE transparently applies a small cyclic or linear delay to a subset of existing SRS ports defined for codebook-based PUSCH. The same amount of delay is applied in SRS sounding and corresponding PUSCH transmission.  
Proposal 7: For UE with MIMO capability, support simultaneous intra-UE PUCCH and PUSCH transmissions cross non-coherent or partial coherent antenna ports on one OFDM symbol.
· Channel dropping is applied if the sum rank or sum power of the simultaneous transmissions exceeds UE capability.
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