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1	Introduction
In RAN1 AH 1901 [1], the following agreement was made.
	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



Based on the agreements made in RAN1#94bis [2] and RAN1#95 [3], the following options are candidate solutions to support full TX power UL transmission.
	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 with UE capability signalling of full power transmission in UL

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



In RAN1#96bis [4], the following agreements were made.
	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.



The following working assumption was made in RAN1#97 [5].
	Working Assumption
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
· Note: as non-coherent UE, it is not capable of maintaining relative phase of antenna ports according to TPMI
· 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
· Note: Antenna selection precoder can be used to enable full power related PA(s) to produce full power transmission for Capability-3 UE.
· 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 signalled by the UE in order to support at least  UEcap3, for SRS resource with more than 1 ports, 
· e.g. For SRI indicating SRS resource with 1 port then single layer PUSCH is transmitted with full power in same manner as single port SRS, if SRI indicating SRS resource with multiple ports is signalled based on Rel-15 MIMO behaviour (transmission rank indicator, TPMI indicator, etc) except the power scaling aspects
· The following cases are not precluded
· For example, for 4TX on UE side (with 20+20+17+17dBm) virtualized as 2 SRS ports, full uplink power transmission can be enabled by precoder [1 0] or [0 1]
· 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
Note: How to capture the behaviour for ‘Mode 1’ and ‘Mode 2’ in specifications is TBD
Note: For single port, there is no SRI and TPMI
Note: Support of Mode 1, Mode 2 have separate UE capability 



This contribution discusses the following regarding full TX power UL transmission. 
· Whether this feature is needed for full-coherent capable UEs
· UE capability signalling
· Option 3 based solution for UE capability 1 
· Mode 1-2 based solution for UE capability 2-3

2 Full coherent capable UE
Since Rel. 15 full-coherent (FC) capable UEs can already achieve full TX power UL transmission when indicated with a FC TPMI, and there is no need for any enhancement for such UEs in Rel. 16. Also, analogous to LTE, such UEs can save power when indicated with a PC or NC TPMI since it can turn off PAs that don’t transmit any PUSCH data.   
Observation 1: Full TX power UL transmission with multiple power amplifiers is already supported for full-coherent capable UEs in Rel. 15
Proposal 1: Full TX power UL transmission enhancement in Rel. 16 is not supported for full-coherent capable UEs.

3 UE capability signaling
Regarding UE capability signalling, we have the following view.
· For UE capability 1, the UE signals “UL full power tx capability” set to “UE cap 1.”
· For Mode 1 (for UE capability 2 and 3), the UE signals “UL full power tx capability” set to “Mode 1.” 
· For Mode 2 (for UE capability 2 and 3), the UE signals “UL full power tx capability” set to “Mode 2.” In addition, UE also signals “TPMI/TPMI grouping”, which indicates TPMIs or TPMI groups for which the UE can achieve full power in UL transmission. For example, this additional signalling includes a -bit signaling, where the -bit signaling  indicates TPMIs or TPMI groups that can be used to transmit UL transmission at full power. An example is shown in Table 1.
[bookmark: _Ref8813713]Table 1: TPMI/TPMI grouping
	Number of antenna ports
	codebookSubset
	TPMI/TPMI group
	B (#bits)

	2Tx
	nonCoherent
	


	2

	4Tx
	nonCoherent
	




	4

	4Tx
	partialAndNonCoherent
	






	6



Proposal 2: Regarding UE capability signaling
· For UE capability 1, UE signals “UL full power tx capability” set to “UE cap 1.”
· For Mode 1 (for UE capability 2 and 3), UE signals “UL full power tx capability” set to “Mode 1.” 
· For Mode 2 (for UE capability 2 and 3), UE signals “UL full power tx capability” set to “Mode 2.” In addition, UE also signals a B-bit “TPMI/TPMI grouping” indicating TPMIs or TPMI groups for which UE can achieve full power in UL transmission, where the TPMI/TPMI grouping is according to Table 1. 
5 Option 3 based Solution for UE capability 1
There are the following two issues in Rel. 15 power scaling for codebook-based UL transmission.
· Issue 1: for PC and NC TPMIs, total power increases as rank increases, which implies that the TPMI indication/selection for PUSCH transmission is biased to higher rank.
· Issue 2: for a given rank, total power of NC TPMIs ≤ total power of PC TPMIs ≤ total power of FC TPMIs. 
Issue 1 will affect UL performance for NC and PC UEs significantly. Issue 2 on the other hand can be argued to be necessary/beneficial for UE power saving by turning off antenna(s), similar to LTE UL codebook. The solution for UL full power transmission in Rel. 16 should at least address Issue 1, and allow full power transmission regardless of the rank value.
For UE capability 1 UEs, Option 3 based solution has been agreed, i.e., the scaling factor  in UL power control is to be modified to support UL full power transmission. A few candidates for the scaling factor  are as follows.
· Alt0: 
· Alt1:  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
· Alt2:  with , 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. 
	ULCodebookSubset
	Number of UE antenna ports
	K 

	partialCoherent
	4
	2

	nonCoherent
	2
	2

	nonCoherent
	4
	4



There is an issue with Alt0 – Alt2, i.e., for 4 antenna ports and PC+NC coherence type, the power per NZ antenna ports changes across NC and PC TPMIs (for a fixed rank of 2 or 3). For example, if Alt2 is used for power scaling, as highlighted (red) in Table 2, the power per NZ port changes across NC and PC TPMIs (for a fixed rank of 2 or 3). In our view, it is preferable to keep power per NZ ports fixed for a given rank. This is to ensure that the UE doesn’t need to change its power setting if only TPMI changes (and TRI does not change), and may have to change power only when TRI value changes, and TRI value change is expected to be slower than TPMI change. 
[bookmark: _Ref1125326]Table 2: power per NZ port according to proposal in [6]
	Coherence type
	Rank
	NC TPMIs
	PC TPMIs

	
	
	TPMI
	
	Power/NZ ports
	TPMI
	
	Power/NZ ports

	PC+NC
	2
	0-5
	1
	1/2 
	6-13
	1
	¼

	
	3
	0
	1
	1/3
	1-2
	1
	¼



Observation 2: For 4Tx and PC+NC UEs, power per NZ antenna ports can change across NC and PC TPMIs (for a fixed rank of 2 or 3) with some of the Option 3 based solutions, which should be avoided.
In our view, the solution to address Issue 1 should meet the following constraints.
· Constraint 1: at least for the “most coherent” TPMIs, total power should not change across rank (to solve Issue 1)
· for FC+PC+NC, the most coherent TPMIs = FC TPMIs;
· for PC+NC, the most coherent TPMIs = PC TPMIs; and 
· for NC, the most coherent TPMIs = NC TPMIs.
· Constraint 2: For a given rank, power per NZ antenna port should not change (to save UE power) across all TPMIs.
A solution which satisfies the two constraints is the scaling factor , where
·  scales the transmit power equally across the coherent port groups (K in proposal [6]) on which a non-zero PUSCH is transmitted, i.e., , and 
· for each coherent port group with a non-zero PUSCH,  further scales the transmit power equally across the ports within the coherent port group on which a non-zero PUSCH is transmitted, i.e.,  in proposal [6]
·  = #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 in the k-th coherent port group, 
·  = #ports with a non-zero PUSCH transmission in the k-th coherent port group,
·  = #configured ports for the transmission, and
·  = #ports with a non-zero PUSCH transmission.
[bookmark: _Ref1125407]Table 3: Number of coherent antenna port groups (for the “most coherent” TPMIs) (K)
	Coherence type
	Number of antenna ports = 2
	Number of antenna ports = 4

	nonCoherent
	2
	4

	partialAndNonCoherent
	
	2

	fullAndPartialAndNonCoherent
	1
	1



Effectively, this solution replaces the min operation in proposal [6] with another scaling  to distribute power over NZ coherent port groups. We can verify that the power per NZ port is fixed for a given rank. For example, for 4 antenna ports and PC+NC coherence type, as highlighted in Table 4 the power per NZ port is fixed across NC and PC TPMIs (for a fixed rank of 2 or 3). 
[bookmark: _Ref1125443]Table 4: power per NZ port according to proposal in this contribution
	Coherence type 
	Rank
	
	NC TPMIs
	PC TPMIs

	
	
	
	TPMI 
	
	
	Power/NZ ports
	TPMI 
	
	
	Power/NZ ports

	PC+NC
	2
	½
	0-5
	1
	½
	¼ 
	6-13
	2
	1
	¼ 

	
	3
	½
	0
	3/2
	¾
	¼ 
	1-2
	2
	1
	¼ 



An example of the proposed solution for 4 antenna ports is shown in Table 5. As shown, both constraints (Constraint 1 and 2) are satisfied with the proposed solution. 

[bookmark: _Ref525725616]Table 5: An example of proposed solution for 4 antenna ports ()
[image: ]
Finally, regarding the additional support of Option 1-2 for UE capability 1, there is no need for such additional solution since pre-coder scaling factor in the UL codebook does not govern power of the UL transmission.
Proposal 3: 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.
 
6 Mode 1-2 based solutions for UE capability 2-3
For Mode 1, a new codebookSubset is introduced only for the rank value(s) where full power transmission in UL is not achievable, where the new codebookSubset includes the TPMI precoders in fullyAndPartialAndNonCoherent defined in Rel-15. There are the following two FFSs regarding the new codebookSubset.
· The first FFS is whether “at least a subset of the non-antenna selection TPMI precoder(s) is(are) supported.”  
· The second FFS is whether “additional support of antenna selection TPMI precoders.”
In our view, the new codebookSubset should include both non-antenna selection and antenna selection TPMIs. When indicated with non-antenna selection TPMI, the UE can use Option 2 based solution for full power UL transmission. On the other hand, when indicated with antenna selection TPMI, the UE follows Rel. 15 codebook-based UL transmission.  
A UE can be configured with a more coherent TPMI via the new codebookSubset. For example, a PC capable UE can be indicated with a FC TPMI and a NC capable UE can be indicated with a PC/FC TPMI. The following guidelines can be considered to define the new codebookSubset.
· G1: The first design guideline is whether additional TPMIs are added to the codebook (so the total number of TPMIs increases) or they replace some TPMIs from the Rel. 15 codebook (so the total number of TPMIs does not increase). We prefer to replace some the TPMIs from the Rel. 15 codebook.
· G2: The second design guideline is how many additional TPMIs (K) are needed. In our view, the number of additional TPMIs should be such that the payload of SRI+TPMI indication remains the same as in Rel. 15. In particular, since the antenna ports are NC/PC, TPMIs with different co-phasing values are not needed because phase coherence across antenna ports can’t be guaranteed. We therefore propose K=1, and replace a signal TPMI (e.g. TPMI=0) and replace it with a FC TPMI (e.g. FC TPMI with smallest TPMI index).  
· G3: The third design guideline is whether the additional TPMIs are introduced for all or some of the rank values. In our view, 
· 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.  
 
Proposal 4: Support the following solution for Mode 1 
· The new codebookSubset includes both non-antenna selection and antenna selection 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.  
For 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. Regarding the maximum number of SRS resources, we have to down-select from 2 and 3. For 2 antenna ports, a maximum of 2 SRS resources is sufficient, one with 1 port, and one with 2 ports. For 4 antenna ports, however, we may need up to 3 SRS resources to support three different number of ports.
· 2 SRS resources: one with 1 port, and one with 4 ports
· 3 SRS resources: one with 1 port, one with 2 ports, and one with 4 ports. 
Proposal 5: Support the following for Mode 2 
· The maximum number of SRS resources is 2 for 2 antenna ports.
· When number of SRS resources is 2, then one of them is with 1 port and another with 2 ports.
· The maximum number of SRS resources is 3 for 4 antenna ports.
· When number of SRS resources is 2, then one of them is with 1 port and another with 4 ports.
· When number of SRS resources is 3, then one of them is with 1 port, another with 2 ports and another with 4 ports.

7 Conclusion
In this contribution, the following observations and proposals are made regarding full power UL transmission.
Observations: 
· Full TX power UL transmission with multiple power amplifiers is already supported for full-coherent capable UEs in Rel. 15
· For 4Tx and PC+NC UEs, power per NZ antenna ports can change across NC and PC TPMIs (for a fixed rank of 2 or 3) with some of the Option 3 based solutions, which should be avoided.
Proposals: 
· Full TX power UL transmission enhancement in Rel. 16 is not supported for full-coherent capable UEs.
· Regarding UE capability signaling
· For UE capability 1, UE signals “UL full power tx capability” set to “UE cap 1.”
· For Mode 1 (for UE capability 2 and 3), UE signals “UL full power tx capability” set to “Mode 1.”
· For Mode 2 (for UE capability 2 and 3), UE signals “UL full power tx capability” set to “Mode 2.” In addition, UE also signals a B-bit “TPMI/TPMI grouping” indicating TPMIs or TPMI groups for which UE can achieve full power in UL transmission, where the TPMI/TPMI grouping is according to the following table 
	Number of antenna ports
	codebookSubset
	TPMI/TPMI group
	B (#bits)

	2Tx
	nonCoherent
	


	2

	4Tx
	nonCoherent
	




	4

	4Tx
	partialAndNonCoherent
	






	6



· 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 solution for Mode 1 
· The new codebookSubset includes both non-antenna selection and antenna selection TPMIs
· 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.  
· Support the following for Mode 2 
· The maximum number of SRS resources is 2 for 2 antenna ports.
· When number of SRS resources is 2, then one of them is with 1 port and another with 2 ports.
· The maximum number of SRS resources is 3 for 4 antenna ports.
· When number of SRS resources is 2, then one of them is with 1 port and another with 4 ports.
· When number of SRS resources is 3, then one of them is with 1 port, another with 2 ports and another with 4 ports
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