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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 Confirm working assumption from RAN1#96
Working assumption: For PC3, UE capability 2 can support full power transmission.
· Companies to check for any implementation issues and/or performance of Rel-16 full power transmission compared to Rel-15 non-coherent codebook subset uplink transmission)

	Company
	views 

	QC
	Support to confirm the working assumption

	NTT DOCOMO
	Confirm the working assumption. In our understanding, UE with capability 2 can have lower implementation cost than UE with capability 1 or 3 since number of full rated PAs in capability 2 is smaller than that in capability 1 or 3. So, this enhancement should be supported for UE with capability 2.

	Huawei, HiSilicon
	Supportive. 

	Intel
	We can discuss the solution first. There are about 10 alternatives/options right now. If we can identify one solution, this WA should be confirmed; otherwise, either to confirm the WA or not is not important.

	MediaTek
	Support to confirm the working assumption

	Samsung
	Confirm



2.2: supported UE capabilities and supported scheme
a): supported scheme for UE capability 2 
· Companies’ preference are captured in attached document

b): supported scheme for UE capability 3: 
· Alt1: Option1-1 (the details is same as it is described for UE capability 2)
Supported by: Qualcomm, Samsung, LGE, MediaTek

· Alt3: Option 3 or Option 3 + Option 1-2
Supported by: Intel (Option 3), ZTE (Option 3), Huawei/HiSilicon (Option 3 + Option 1-2)


	Company
	Views

	QC
	Please see the input from QC in the other document

	ZTE
	Regarding capability2, some evaluation results are provided to compare different alternatives for capability 2 in our updated contribution R1-1907561. It can be observed that, in the case of full power transmission, Alt5 obtains significant performance gains of about 2dB over Alt1 regardless of using S-CDD or not, due to reduction of the interference among non-coherent antenna ports.

The capability 3 UE already has the full power PA, and the benefits of the option 1-1 for this case is not clear when considering moderate gain or even negative gain through introducing S-CDD from the perspective of system performance. Straightforwardly, Alt3 should be supported in such case.

	Huawei, HiSilicon
	Alt.3 for UE Cap-3. And also with Option 1-2. For UE architecture 3 (Capability 3), since the full power related PA can be used for full power transmission, it is not necessary to introduce the full coherent precoders. Indeed, use one PA will be more efficient for full power transmission, which is less power consumption and also better performance than to Option 1-1, especially for the antenna blockage case (shown in our contribution).  So, we support Alt.3.
Then, for Option 1-2, since in Rel-15 power can not be borrowed from different PAs, so the normalization factor for the antenna selection codewords is less than 1, which means full power transmission is not enabled, such as 1/sqrt(2) [1 0]. However, in Rel-16, antenna selection codewords can be used for full power transmission, so the scaling factor should be with normalized as 1.   

	Intel
	For capability 2 UE, for option B, as we suggested in previous email, the following wording is simple. We can support to have a merged solution, but it should not be too complicated.
For capability 3 UE, Alt3 should be the straight-forward solution. There would be performance loss for Alt1.
· When UE is configured with one or more SRS resources with same number of SRS ports (according to Rel-15) within a SRS resource set which usage is set to ‘codebook’
· The two sentences below in Rel-15 is NOT applicable to capability2 UE for this case
· “A UE reporting its UE capability of 'partialAndNonCoherent' transmission shall not expect to be configured by codebookSubset with 'fullyAndPartialAndNonCoherent'.” 
· “A UE reporting its UE capability of 'nonCoherent' transmission shall not expect to be configured by codebookSubset with 'fullyAndPartialAndNonCoherent' or with 'partialAndNonCoherent'.”

	MediaTek
	There are a number of issues with Alt 3-1:
· Alt3-1: Option3+Option2 (Multiple SRS resources with different number of SRS port(s) in each resource)
First with the configurations with SRS resources with different number of port(s) under one SRS resource set as proposed by some companies, then system overhead for SRS transmissions, and UE power consumption for SRS transmissions are doubled. In the case that some SRS resource is configured but never triggered but referred in the UL DCI, we don’t think it works.

	Samsung
	We propose Alt1 (Option 1-1). But, we don’t see the need to include all of the FC TPMIs since the phase information indicated via TPMI can’t be guaranteed at the UE antennas. In particular, supporting a single FC TPMI for NC/PC UEs should be sufficient in our view.
As mentioned earlier, we are open to discuss Option B as a compromise solution if what we propose above for Alt1 is considered in Option B.

	
	




2.3: Power scaling schemes
Alt1: Rel-16 UE reports its support of three options via optional capability
· Opt.1: Same scale factor as Rel-15 
· Opt.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
· Opt.3: The scale factor is 1
· For a UE supporting Opt.2 or/and Opt.3, network can indicate the UE via RRC signaling of which alternative of Opt.1/2/3 is used for power control of codebook-based PUSCH transmission
Supported by: OPPO
Alt2:
· For UE capability 1, full power transmission is achieved by removing the existing Rel.15 power scaling.
Supported by: CATT

Alt3: 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
Supported by: LGE

Alt4: 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
Supported by: Samsung

Alt5: 





For a PUSCH transmission on active UL BWP , as described in Subclause 12, of carrier  of serving cell , a UE first calculates a linear value  of the transmit power , with parameters as defined in Subclause 7.1.1. If the PUSCH transmission is scheduled by a DCI format 0_1 and when txConfig in PUSCH-Config is set to 'codebook'
When altPowerScaling is not configured, the UE scales the linear value by 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. 
When altPowerScaling is set to ‘virtualized’, the UE scales the linear value by the ratio of the number of antenna ports with a non-zero PUSCH transmission power to nrofSRS-Ports in SRS-Config if one SRS resource is configured, otherwise to the number of SRS ports in the SRS resource indicated by SRI if multiple SRS resources are configured
When altPowerScaling is set to ‘nonVirtualized’ and codebookSubset is set to either ‘partialAndNonCoherent’ or ‘nonCoherent’,  the UE scales the linear value by  where
· 
 is the number of antenna ports  according to 38.211 6.3.1.5
· 
 is the number of non zero antenna ports in according to 38.211 6.3.1.5
· K is given from the table below
	[bookmark: _Hlk510777631]codebookSubset
	nrofSRS-Ports in SRS-Config
	K 

	partialAndNonCoherent
	4
	2

	nonCoherent
	2
	2

	nonCoherent
	4
	4


The UE splits the power equally across the antenna ports on which the UE transmits the PUSCH with non-zero power. 

Alt6:
A single bit (b) is used to indicate that a UE supports full power by setting power scaling factor in power control equals to 1 always (for all precoders) or not. 
· For capability 2 and 3 UEs, full uplink TX power capability is implicitly derived from the TPMI/TPMI group precoders 
· For capability 2 and 3 UEs, full power is achievable with the introduced new codebookSubset in Alt 1.
· For capability 2 and 3 UEs, full power is not guaranteed for precoders with zero entries
· UE set power scaling factor autonomously for precoders with zero entries. 
· NW figures out the full power capability per precoder based on PHR.
Supported by: Qualcomm

Alt7: 
The scaling factor value is obtained according to the value of the indicated TPMI associated scaling factor which is reported in UE capability signalling
Supported by: ZTE

	Company
	views 

	QC
	For capability 1 UE, UE set the bit b (in above Alt 6) =1 to indicate that the UE can set power scaling factor equals to 1 always (which is equivalent to removing the existing Rel.15 power scaling factor, as CATT proposed. And we don’t see strong motivation to introduce complicated scaling rules such as Alt 4 and 5). 

For capability 2/3 UE, UE set the bit b (in above Alt 6) = 0 to indicate that the UE *cannot* set power scaling factor to 1 always.   

	ZTE
	Our proposal is missing and added as Alt-7, i.e., based on indicated TPMI associated scaling factor which is reported in UE capability signaling.
In our view, we should NOT explicitly specify these three types of UE capability in the spec. Specifically, whether or how the UE PA(s) can support full power is up to UE, and we should figure out a uniform framework (especially UE capability signaling) without explicitly disclosing the PA implementation of UE side, which is not only important for the subsequent 5G-NR product but also makes NR spec much more general and applicable for the future requirements, i.e., forward-compatibility.

	Huawei, HiSilicon
	Confused on the proposals, seems mixed things together here: one is power scaling values, another is UE capability reporting. 
1. For power scaling value, it is clear that the power scaling factor should be removed, i.e., equal to 1, if full power cases. So, agree with CATT.
For the UE capability reporting, via TPMI/TPMI group is very clear to align the understanding between UE and gNB. When the TPMI is with full power capability for the UE, power scaling is equal to 1; Otherwise the same as Rel-15. So, agree with ZTE.

	Intel
	We do not think the alternatives above are competing alternatives. They are for different types of UE.
For example, for capability 1 UE, what CATT proposed is the only way, which should be specified based on our previous agreement, no matter we have further agreements for this or not.

	Samsung
	First, we agree with HW that we should not mix UE cap signaling with power scaling.
Second, re QCM comment about “complicated” scaling rule, we can argue the same (“complicated”) about some of the alternatives about the UE cap signaling
Re power scaling, our main concern is about partial coherent UE. For a fixed rank value, the power per NZ antenna port should not change across NC and PC TPMIs. This is to save UE power (when rank is not changing); otherwise the UE may have to switch PA power even when rank is not changing. This is a problem with other alternatives. We have elaborated this issue in our tdoc.

	
	

	
	

	
	

	
	

	
	

	
	




2.4 UE capability signaling
Alt1: UE capability signaling of supported one or group of TPMI precoder(s)
Support: Huawei/HiSilicon, DOCOMO, ZTE, LGE, Intel

Alt2: For UE capability 2 (and 3), whether any other information is signaled is decided based on the adopted scheme
Supported by: Samsung, vivo

Alt3: distinguish UE capability 1, 2 and 3 with different UE capabilities.
Supported by: DOCOMO

Alt4: UE reports the number of antenna ports that support full power
Supported by: CATT, InterDigital (for UE cap3)

Alt5: For UE Capability 1, no additional signalling is required.
Supported by: InterDigital, Samsung

Alt6: The number of values of full power UE capability is minimized
Supported by: Ericsson

	Company
	views 

	QC
	We think RAN1 already had below agreement in previous meeting. We suggest follow the structure/categorization of the two alternatives in previous agreement rather than having 6 alternatives, for the purpose of making progress. 

Regarding solution on full power capability signaling, QC’s proposal is captured in “Alt 6” in previous section. In summary, we propose use 1 bit to signal using which power scaling scheme for full power.  
  
Agreement
Down select among the following two alternatives by RAN1#96bis. As part of UE capabilities signalled the following is included:
Alt1: UE capability signaling of supported one or group of TPMI precoder(s)
Alt3: UE capability signaling of power scaling schemes for full uplink power transmission
· Note: This does not imply any restriction on UE antenna virtualization
· FFS: Whether full uplink power transmission needs to be supported for all precoders


	NTT DOCOMO
	We support Alt1 either Alt3. When the signaling of “UL full power tx capability” only, the NW cannot distinguish between whether UE supports UE capability 1, 2 or 3. In Alt1, if UE capability signaling of supported one or group of TPMI precoder(s) based on bitmap is supported, NW can distinguish between whether UE supports UE capability 1, 2 or 3.

	ZTE
	The TPMI(s) with the same port combination could be reported as a TPMI group, and the details of UE capability design for Alt-1 can be found in proposal-4 in our contribution R1-1906238/R1-1907561.

	Huawei, HiSilicon
	Support Alt.1. The UE capability reporting should be clear to gNB understand how to schedule full power transmission. In the codebook based UL transmission. The precoder in the codebook anyway need to be indicated from gNB to UE, so reporting the full power capability via TPMI/TPMI group is a straight and also efficient way. With the TPMI/TPMI group UE capability reporting, there is no need to distinguish different UE architectures, such as Cap-1, Cap-2 or Cap-3, and also no need to disclose whether virtualization, which are actually UE’s implementation.

	Intel
	Alt 1 can be used to support all types of UE, which should be supported.

	Samsung
	For UE cap 1, we don’t need any additional cap information.
For UE cap 2/3, the additional UE cap signaling information may depend on the exact solution that is adopted; hence we should discuss cap signaling either when we discuss the solution, or after we agree to a solution.

	
	

	
	




2.5: others
a): Full coherent UE capability and full Tx power UE capability
b): merge UE capability 2 and 3
c): antenna switching for UE capability 3 
d): RRC configurable/signaling of scaling factor
e): PTRS power for non-codebook based Tx set to “01”
f): UL full Tx power applicable for all power classes
· In RAN1 discussion, no any power classes are precluded.


	Company
	views 

	Huawei, HiSilicon
	Support (f). The power classes are not distinguished in RAN1, and the full power transmission schemes are no difference between different power classes. So, we should send an LS to RAN4 that the discussion in RAN1 is no any restriction on power classes, which should be discussed in RAN4.  

	[bookmark: _GoBack]Samsung
	Re (a), for full-coherent UE, full power UL Tx is already supported in Rel.15; hence, no enhancement is needed in Rel. 15
We support (b). In our view, a solution to UE cap 2 is also candidate solution to UE cap 3. So, if we adopt a good solution for UE cap 2, it should be sufficient for UE cap 3. Also, merging UE cap 2 and 3 can simply capability signaling significantly.

	
	

	
	

	
	

	
	

	
	

	
	

	
	





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

RAN1#96 agreements
Agreement
Note: UE capability 1, 2, 3 agreed in RAN1#AH1901 mean the PA architectures.
At least for PC3, UE capability 1, 3 can support full power transmission.
Working assumption: For PC3, UE capability 2 can support full power transmission.
· Companies to check for any implementation issues and/or performance of Rel-16 full power transmission compared to Rel-15 non-coherent codebook subset uplink transmission)

Agreement
Down select among the following two alternatives by RAN1#96bis. As part of UE capabilities signalled the following is included:
Alt1: UE capability signaling of supported one or group of TPMI precoder(s)
Alt3: UE capability signaling of power scaling schemes for full uplink power transmission
· Note: This does not imply any restriction on UE antenna virtualization
· FFS: Whether full uplink power transmission needs to be supported for all precoders

RAN1#96bis agreements
Agreement
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
Agreement
Supported UE capabilities and supported scheme for UE capability 1
· Option 3
· FFS: Whether to additionally support Option 1-2
Agreement
Regardless of UE capability 1, 2, or 3, signalling of “UL full power tx capability” is supported for UEs with full power uplink transmission capability
· FFS: For UE capability 1, if any other information is necessary
· For UE capability 2 and UE capability 3, in addition to signalling “UL full power tx capability”, further information on UE capability are signalled if needed
· FFS: Details such as support of UE capability signaling of supported one or group of TPMI precoder(s) for full power transmission, support different number of SRS ports for resources for codebook, and other UE capability signaling can be introduced
· FFS: Whether full uplink TX power capability can be explicitly/implicitly derived from the TPMI/TPMI group precoders for full power transmission
UEs with full power uplink transmissions are those Rel-16 UEs which can transmit at full power at least for rank1
The signalling of above information does not imply any specific UE PA architecture implementation.
Agreement
RAN1 will select one of the alternative solutions below to support UE capability 2. Further clarification or details are needed for Alt1, Alt3-1, Alt3-2, and Alt5. Email discussion by 17th of April for companies to provide clarification on Alt1, Alt3-1, Alt3-2, and Alt5. To be coordinated by Rakesh (vivo).
· Alt1: Option1-1 (Support a new codebookSubset for non-coherent and partial-coherent transmission capable UEs, e.g. for 2Tx the new codeboookSubset is all non-antenna selection TPMIs or with only TPMI [1 1] for rank 1)
· Alt3-1: Option3+Option2 (Multiple SRS resources with different number of SRS port(s) in each resource)
· FFS: Whether to additionally support Option 1-2
· Alt3-2: Option3+Option2+ Option1-1 (Multiple SRS resources with different number of SRS port(s) in each resource)
· Alt5: FDM multi-port simultaneous transmission

4. References:
	R1-1906031
	UL MIMO full power transmission with multiple PAs
	Huawei, HiSilicon

	Proposal 1: The full power transmission solutions in RAN1 discussion should be used for both power class 2 and power class 3.
Proposal 2: Full power transmission should be supported for all ranks for the partially / non-coherent UE.
Proposal 3: For full coherent capable UE, partial coherent/non coherent codewords should also be enhanced to support full power transmission.
Proposal 4: Option 1-2 should be supported along with Option 3 for UE PA architecture 1.
Proposal 5: Option 1-2 (to introduce new scaling factor for UL codebook) or Option 1-1 (to introduce new precoders with normalization factor is 1) should be supported in addition to Option-3
Proposal 6: For UE PA architecture 3, full power transmission scheme Option 3+ Option 1-2 is preferred.
Proposal 7: UE capability reporting with TPMI or TPMI group should be supported for full power transmission.

	R1-1906161
	Discussion on remaining issues of UL full power transmission
	vivo

	Proposal1: at least for the UE with 2Tx in UL, UE capability 2 supports full power transmission.
Proposal2: down select a scheme to support UL full power Tx from options A and B in RAN1#97. 
Proposal3: for UL full power transmission, additional signaling is not needed for the UE capability 1, additional signaling is needed for UE capability 2, 3 which depends on the supported scheme.   

	R1-1906226
	Full Tx Power UL transmission
	NTT DOCOMO, INC.

	Proposal 1: 
· Alt1 (Option1-1) and/or Alt3-2 (Option3+Option2+Option1-1) should be supported for UE capability 2.
· In Option1-1, the new codebook subset should be replaced with non-coherent codebook.
· In Option1-1, only a subset of the non-antenna selection TPMI precoder(s) should be supported as the new codebook subset.
· Alt5 (FDM multi-port simultaneous transmission) is not supported for UE capability 2.
Proposal 2: 
· It is required to distinguish between UE capability 1, 2 and 3 since the solution is different for different UE capabilities.
· In UE capability 1 and 2, there is no need to report any other information (e.g. an information on which antenna ports UE has full rated PA).
· In UE capability 3, Alt1 (UE capability signaling of supported one or group of TPMI precoder(s)) should be supported.
Proposal 3: 
· Consider CDD to achieve higher received power for two-layer, four antenna port UL transmission with partial coherent UE with capability 2.

	R1-1906238
	Full TX Power UL transmission
	ZTE

	Proposal 1: For UE capability 3, Option-3 should be supported for full power transmission
Proposal 2: For UE capability 2, the following options are down-selected for full power transmission
· Alt3-1: Option3+Option2
· Note that further enhancement on introducing multiple SRS resources with different port in an SRS set is NOT supported
· Alt5: FDM multi-port simultaneous transmission
· The scheduled RBs are divided into several RB sets, each of which is associated with a respective antenna port or antenna port set (ports of which should be coherent) in order to reduce the interference among non-coherent antenna ports.
Proposal 3: In Rel-16, a unified framework without explicitly disclosing the PA implementation of UE side should be supported considering any combination of the following cases:
· UE capabilities 1, 2 and 3.
· Non-coherent, partial-coherent and full coherent UE.
· Virtualized and non-virtualized port(s) to support full power Tx.
Proposal 4: Per-TPMI group based UE capability signaling should be supported, where the scaling factor for codebook based PUSCH transmission is based on the associated value of reporting results of UE capability.
· The TPMI(s) with the same port combination could be reported as a TPMI group.
· The power capability should be reported for each TPMI (group) as follows:
· For the number of configured ports = 2 and rank =1: 
· TPMI: [1, 0]T
· TPMI: [0,1]T
· If option 1-1 is adopted for UE capability 2, TPMI group: [1, 1]T [1, -1]T [1, j]T [1, -j]T 
· For the number of configured ports = 4 and rank =1: 
· TPMI: [1, 0, 0, 0]T
· TPMI: [0,1, 0, 0]T
· TPMI: [0, 0, 1, 0]T
· TPMI: [0, 0, 0, 1]T 
· TPMI group: [1, 0, 1, 0]T, [1, 0, -1, 0]T, [1, 0, j, 0]T, [1, 0, -j, 0]T
· TPMI group: [0,1, 0, 1]T, [0,1, 0, -1]T, [0,1, 0, j]T, [0,1, 0, -j]T
· If option 1-1 is adopted for UE capability 2, TPMI group: [1, 1, 1, 1]T and all the other 4 NZP- port TPMI(s).
· For the number of configured ports = 4 and rank =2: 
· TPMI: [1, 0, 0, 0; 0, 1, 0, 0 ]T
· TPMI: [1, 0, 0, 0; 0, 0, 1, 0 ]T
· TPMI: [1, 0, 0, 0; 0, 0, 0, 1 ]T
· TPMI: [0, 1, 0, 0; 0, 0, 1, 0 ]T
· TPMI: [0, 1, 0, 0; 0, 0, 0, 1 ]T
· TPMI: [0, 0, 1, 0; 0, 0, 0, 1]T
· If option 1-1 is adopted for UE capability 2, TPMI group: [1,0,1,0;0,1,0,-j]T and all the other 4 NZP- port TPMI(s).
· For the number of configured port = 4 and rank =3: 
· TPMI: [1, 0, 0, 0; 0, 1, 0, 0; 0, 0, 1, 0 ]T
· If option 1-1 is adopted for UE capability 2, TPMI group: [1,0,1,0;0,1,0,0;0,0,0,1]T and all the other 4 NZP- port TPMI(s).
· The candidate values of the power capability for each TPMI (group) could be the ratio of full power:
· 1, 3/4, 1/2, 1/4

	R1-1906289
	Discussion on the Full TX power UL transmission
	OPPO

	Proposal 1: For the full power transmission of UE capability 2, the scheme of Alt.1 is adopted in Rel-16. 
Proposal 2: 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 options for scale factors are supported in Rel-16
· Opt.1: Same scale factor as Rel-15 
· Opt.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
· Opt.3: The scale factor is 1
· Rel-16 UE reports its support of Opt.2 or/and Opt.3 via optional capability signaling
Proposal 3: For a UE supporting Opt.2 or/and Opt.3, network can indicate the UE via RRC signaling of which alternative of Opt.1/2/3 is used for power control of codebook-based PUSCH transmission.
Proposal 4: For codebook based PUSCH, network can configure the codebook subset corresponding fullyAndPartialAndNonCoherent to all Rel-16 UEs.

	R1-1906347
	Uplink full Tx power transmission
	CATT

	Proposal 1: 
· For UE capability 1, full power transmission is achieved by removing the existing Rel.15 power scaling.
Proposal 2:
· If Alt-1 is to be adopted, a testing mechanism needs to be in place in RAN4 to validate the implementation of CDD. 
Proposal 3:
· For Alt 3-1, indication of 1-port SRS resource falls back to Rel.15 DCI format 0-1 behavior (with 1-port SRS configured), where the virtualization of SRS is up to UE’s implementation and is transparent to gNB. 
Proposal 4: 
· Focus on CP-OFDM with alt-5. 
· Study a mechanism to reuse Rel.15 DCI 0-1 format as much as possible. 
Proposal 5:
· Additional signaling that identifies UE’s capability is introduced. 
· UE reports the number of antenna ports that support full power transmission.
Proposal 6:
· UE capability signaling and new power scaling schemes for full power transmission in Rel-16 should be applied to fully-coherent UEs. 

	R1-1906377
	Discussion on full TX power for UL transmission
	Spreadtrum Communications

	Proposal 1: Alt. 1 can be supported for UE capability 2
· FFS: whether to support Alt 3-1 considering spec impact, the signaling overhead and time latency.

	R1-1906523
	Discussion on full Tx power UL transmission
	CMCC

	Proposal 1: At least for 2Tx UE, All of the UE capability 1, 2, and 3 for both PC2 and PC3 should be supported for full power transmission. 
Proposal 2: For capability 2 UE, Alt 5 is preferred since only Alt 5 can provide full power uplink transmission.

	R1-1906538
	Full TX Power UL transmission
	MediaTek Inc.

	Proposal 1: Confirm the working assumption in RAN1#96: 
· For PC3, UE capability 2 can support full power transmission.
Proposal 2: Rel-16 adopts Alt1 to support UE capability 2 and capability 3 full power transmission.

	R1-1906732
	Discussion on full Tx power uplink transmission
	LG Electronics

	Proposal1: Support UE capability signaling of supported TPMIs or group of TPMIs in addition to signaling of “UL full power tx capability” at least for UE capability 3. 
Proposal2: Alt 1 is slightly preferred, but a unified solution based on Proposal 1 introducing UE capability signaling of supported TPMIs should be supported for UE capability 2 and 3 commonly.
Proposal3: If UE reports UE capability 1 and 3, 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.

	R1-1906817
	On full power uplink transmission
	Intel Corporation

	Proposal 1: To support full power transmission for capability 2 UE, Alt3 should be supported, where Alt3-1 is slightly preferred compared to Alt3-2.
Proposal 2: For capability3 UE, option 3 is supported, where UE does not need to additionally scale the transmission power for some precoders.
Proposal 3: On UE capability signalling, it should be supported that UE reports whether it supports full power transmission per precoder, and when UE does not report corresponding capability, it means UE does not support full power transmission for non-coherent/partial-coherent based precoders.
Proposal 4: To support full power transmission, it should be supported that ptrs-Power could be set to “01” for non-codebook based transmission.

	R1-1906862
	On Solutions for Full TX UL Transmission
	InterDigital, Inc.

	Proposal 1: For UE Capability 1, no additional scaling solution and signalling are required.  
Proposal 2: For UE Capability 2, Alt1 without any virtualization is supported.
Proposal 3: For UE Capability 2, Alt3-1 is not supported.
Proposal 4: For UE Capability 2, Alt3-2 can be further discussed and potentially combined with Alt1.
Proposal 5: For UE Capability 2, Alt5 is not supported.
Proposal 6: Cap3 UE should indicate the number of ports that can support full power transmission. 

	R1-1906970
	View on full power UL transmission
	Samsung

	Proposals: 
· Full TX power UL transmission enhancement in Rel. 16 is not supported for full-coherent capable UEs.
· 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)
· Regarding UE capability signaling
· For UE capability 1, signaling of any other information is not supported
· For UE capability 2 (and 3), whether any other information is signaled is decided based on the adopted 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.
· Option 1-2 based solution is not supported.
· 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 (K) should be such that the payload of SRI+TPMI indication remains the same as in Rel. 15.
· K=1, and replace TPMI=0 with a FC TPMI with the smallest TPMI index
· 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.  

	R1-1907172
	On Full power Transmission for UL
	AT&T

	Proposal:  Support Alt1: Option1-1 (Support a new codebookSubset for non-coherent and partial-coherent transmission capable UEs, e.g. for 2Tx the new codeboookSubset is all non-antenna selection TPMIs or with only TPMI [1 1] for rank 1)

	R1-1907184
	On full power UL transmission
	Ericsson

	Proposal 1 (preferred):
· A UE capability is defined that supports ‘Capability 2’ and ‘Capability 3’ UE architectures.
· Alt 3-1: The UE can be configured with one or more SRS resources with the number of SRS ports less than the maximum number of SRS ports supported by the UE in one SRS resource
· The UE uses Rel-15 codebooks, codebook subsets, and coherence capabilities
· The UE may by implementation achieve full power by virtualizing Tx chains when an SRS resource has fewer ports than the maximum supported by the UE in an SRS resource
· Small delay CDD or other virtualization mechanism can be applied in spec transparent manner
· The UE is not expected to virtualize Tx chains when it is configured with a number of SRS ports equal to the maximum number of ports supported by the UE
· The UE divides the transmit power by the ratio of the number of antenna ports with a non-zero PUSCH transmission power to the number of SRS ports if one SRS resource is configured, otherwise to the number of SRS ports in the SRS resource indicated by SRI if multiple SRS resources are configured.
Proposal 2 (less preferred):
· Alt 3-2: A UE can be configured for one of two modes of full power operation to support ‘Capability 2’ and ‘Capability 3’
· Mode 1. The UE can be configured with one or more SRS resources with the number of SRS ports less than the maximum number of SRS ports supported by the UE in one SRS resource
· The UE uses Rel-15 codebooks, codebook subsets, and coherence capabilities
· The UE may by implementation achieve full power by virtualizing Tx chains when an SRS resource has fewer ports than the maximum supported by the UE in an SRS resource
· Small delay CDD or other virtualization mechanism can be applied in spec transparent manner
· The UE is not expected to virtualize Tx chains when it is configured with a number of SRS ports equal to the maximum number of ports supported by the UE
· The UE divides the transmit power by the ratio of the number of antenna ports with a non-zero PUSCH transmission power to the number of SRS ports if one SRS resource is configured, otherwise to the number of SRS ports in the SRS resource indicated by SRI if multiple SRS resources are configured.
· Mode 2.  The UE is configured with a number of SRS ports equal to the maximum number of SRS ports supported by the UE in one SRS resource
· 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 codebookSubset = partialAndNonCoherent and fullyAndPartialAndNonCoherent defined in Rel-15
· The number of non-zero ports in each precoding matrix is greater than or equal to maximum number of antenna ports in one SRS resource supported by the UE
· A UE is not capable of maintaining relative phase of antenna ports according to TPMI 
· E.g. UE does not differentiate [1 1] vs. [1 -1]
· FFS: the exact subset of TPMIs; strive to minimize the subset
· A different SRS port is transmitted on each Tx chain (small delay CDD may be transparently applied)
· gNB can coherently combine channel estimates from SRS according to TPMI when determining CQI/TPMI/RI
Proposal 3:
· The number of values of full power UE capability is minimized

	R1-1907291
	Full Tx power for UL transmissions
	Qualcomm Incorporated

	Proposal 1: Confirm the following working assumption
· For PC3, UE capability 2 can support full power transmission.
Proposal 2: Extend the definitions of the three capabilities to UEs of any power class and to UEs with coherent antenna capability.
Proposal 3: A single bit (b) is used to indicate that a UE supports full power by setting power scaling factor in power control equals to 1 always (for all precoders) or not. 
· For capability 2 and 3 UEs, full uplink TX power capability is implicitly derived from the TPMI/TPMI group precoders 
· For capability 2 and 3 UEs, full power is achievable with the introduced new codebookSubset in Alt 1.
· For capability 2 and 3 UEs, full power is not guaranteed for precoders with zero entries
· UE set power scaling factor autonomously for precoders with zero entries. 
· NW figures out the full power capability per precoder based on PHR.
Proposal 4: For 2 Tx UEs and 4 Tx UEs belong to the same capability category, adopt a unified solution to support UL full power transmission.
Proposal 5: 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, UL transmission with full power is not required. 
	For existing precoders with zero entries in Rel-15 PUSCH codebook, UL transmission with full power is not required. 

	UE capability 3
	
	



Proposal 6: 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 is subject to UE capability per band-band combination.
Proposal 7: To support option 1-1 + option 2, NO SRS enhancement is needed in specification except requiring the same amount of delay applied to SRS sounding and corresponding PUSCH transmission. UE transparently applies a small cyclic or linear delay to a subset of existing SRS ports defined for codebook-based PUSCH.   
Proposal 8: Further study Alt5 (FDM multi-port simultaneous transmission) to support UL full power transmission.

	R1-1907318
	On the full Tx power UL transmission
	Nokia, Nokia Shanghai Bell

	Proposal 1: Support 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 codebookSubset = partialAndNonCoherent and fullyAndPartialAndNonCoherent defined in Rel-15
· Alt1: Only a subset of the non-antenna selection TPMI precoder(s) is(are) supported
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