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1	Introduction
Multiple options are agreed in RAN1 #95 meeting [1] as potential solutions for uplink full power 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




RAN1 #95 meeting also has this agreement on the scope of the full TX power UE:
	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



Three UE capabilities are proposed in RAN1 ad hoc #1901 meeting [2]:


	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




Regarding to the full power transmission capability for all these 3 UE capabilities, RAN1 #96 meeting reached this agreement with a working assumption [3]:
	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)



For UE capability signaling, two alternatives are still open to be down-selected in this meeting [3]:
	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




Alternatively, RAN4 has replied RAN1’s LS on the new UE capability for full power UL transmission [5]. RAN4 has reached two WFs, which are related to power class 2 (PC2) UE PA configurations:
	“Only PA configurations of 23+23dBm for UL MIMO and 26dBm for 1Tx are supported by specification for NR TDD bands for PC2 UE in Rel-15”

	“Clarify in the Rel-15 specification on ambiguous requirements for UE supporting UL MIMO
· Maximum output power 
· Clarity in the spec that if PC2 UE is configured for transmission on single-antenna port, the requirements of the same power class in subclause 6.2.1 apply for the UE.
· How to configure for transmission on single-antenna port is up to UE implementation”



Given the RAN1 and RAN4 progress and the urgency to conclude this WID topic, we discuss these full power UL transmission issues in this contribution:
· Full power UL capability for the 3 UE capabilities;
· Full power Tx solutions for UE capability 2;
· UE PC2 relevancy for full power UL transmission. 
Our preferences are also provided with proposals.

2	Full power transmission for uplink transmission
The scope of the WID [4] on full power transmission for uplink transmission is listed here:
	· Specify enhancement to allow full power transmission in case of uplink transmission with multiple power amplifiers (assume no change on UE power class)



2.1	Full power UL capability
There are three UE capabilities 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 
· UE capability 2: for the UE to support full Tx power in UL transmission, no Tx chain is assumed to deliver full power with the new UE capability 
· UE capability 3: for the UE to support full Tx power in UL transmission, subset of Tx chains with full rated PAs is supported with a new UE capability

For the UE capability 1, there is no issue for UE to reach full power transmission, even when single Tx chain is applied. The possible solutions for full power Tx shall be applied to UE capability 2 and UE capability 3.
Observation 1: No full power Tx solution is needed for UE capability 1.
There are 3 possibilities for a 2Tx UE with its maximum PA power implementation:
Alt1: 23dBm + 23dBm
Alt 2: 20dBm + 20dBm
Alt 3: 23dBm + 20dBm
Alt 1, Alt 2, and Alt 3 are related to UE capability 1, 2, and 3, respectively, for 2Tx UE. Alt 1 is a PC2 implementation, where no full power Tx solution is needed. Alt 3 can achieve full power transmission at one of its Tx PA chain. The question is whether we shall have a full power solution for Alt 2, or UE capability 2.
For 4Tx, there are more possibilities of UE PA implementation. Some of possible implements, as non-exhaustive examples, could be:
Alt 1:	17dBm + 17dBm + 17dBm + 17dBm
Alt 2:	20dBm + 20dBm + 17dBm + 17dBm
Alt 3:	23dBm + 20dBm + 17dBm + 17dBm
Alt 4:	20dBm + 20dBm + 20dBm + 20dBm
Alt 1 belongs to UE capability 2. Alt 3 should be UE capability 3. Alt 2 and Alt 4 belong to both UE capability 2 and UE capability 3, where no Tx chain is capable to deliver full 23dBm power but a subset of Tx chains can deliver full 23dBm. 
Observation 2: There is overlap between UE capability 2 and UE capability 3. 
The question remains whether the Alt 2 and Alt 4 need a solution to reach full power transmission.

RAN1 #96 meeting agreed to support full power transmission for UE capability 1 and UE capability 3. For UE capability 2, the full Tx power support was agreed as a working assumption. Given that the essence of this WID topic is to define the solution to support full Tx power, we shall confirm this working assumption.
Proposal 1: Confirm the Working Assumption that for PC3, UE capability 2 can support full power transmission.

2.2	Solutions for UE capability 2
Based on the RAN1 #96 meeting agreement, there are two “UE capability signalling”, as
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

These two types of so-called “UE capability signalling” are related with two possible solutions to reach full power transmission, at least for UE capability 2. These two solutions are related to the previous agreed options, such as Option 1 and Option 3
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 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

For example, 2Tx rank-1 codebook are shown here from TS 38.211.

Table 6.3.1.5-1: Precoding matrix  for single-layer transmission using two antenna ports.
	TPMI index
	

(ordered from left to right in increasing order of TPMI index)

	0 – 5
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In TS 38.212, we have this “precoding information and number of layers” in DCI format 0_1 to specify UE precoding operation with different coherence levels.
Table 7.3.1.1.2-5: Precoding information and number of layers, for 2 antenna ports, if transformPrecoder= enabled, or if transformPrecoder= disabled and maxRank = 1 (The highlighted item is new proposal)
	Bit field mapped to index
	codebookSubset = fullyAndPartialAndNonCoherent
	Bit field mapped to index
	codebookSubset = nonCoherent

	0
	1 layer: TPMI=0
	0
	1 layer: TPMI=0

	1
	1 layer: TPMI=1
	1
	1 layer: TPMI=1

	2
	1 layer: TPMI=2
	2
	1 layer: TPMI=2

	3
	1 layer: TPMI=3
	
	

	4
	1 layer: TPMI=4
	
	

	5
	1 layer: TPMI=5
	
	

	6-7
	reserved
	
	



The “precoding information and number of layers” of DCI format 0_1 is also show here. When the non-coherent codebook is selected, there are only two TPMI=0, and 1, related to the two precoders:


, 
We may adjust the codebook to let non-coherent codebook also supports this precoder 
[image: ]
with TPMI=2 for single layer transmission. With this approach, UE can still use their two Tx ports for rank-1 transmission even though these two Tx ports are not coherent. If the UE has its maximum power limit at 20dBm per Tx port, the full 23dBm transmission power can be reached with two non-coherent transmission. Similar approach can be extended to other ranks and 4Tx-port transmission.
The cost is the expanding of the size of non-coherent codebook size. In the 2Tx rank-1 transmission case, one more precoder will be added, which will increase the size of “precoding information and number of layers” in DCI from 1-bit to 2-bits.
For 4Tx rank-1 operation, we can follow the similar approach to include necessary precoders for partial/non-coherent codebook. One solution is to revise Table 7.3.1.1.2-3 of TS 38.212 with:
Table 7.3.1.1.2-3: Precoding information and number of layers for 4 antenna ports, if transformPrecoder= enabled, or if transformPrecoder=disabled and maxRank = 1 (Highlighted items are new proposals)
	Bit field mapped to index
	codebookSubset = fullyAndPartialAndNonCoherent
	Bit field mapped to index
	codebookSubset= partialAndNonCoherent
	Bit field mapped to index
	codebookSubset= nonCoherent

	0
	1 layer: TPMI=0
	0
	1 layer: TPMI=0
	0
	1 layer: TPMI=0

	1
	1 layer: TPMI=1
	1
	1 layer: TPMI=1
	1
	1 layer: TPMI=1

	…
	…
	…
	…
	…
	…

	3
	1 layer: TPMI=3
	3
	1 layer: TPMI=3
	3
	1 layer: TPMI=3

	4
	1 layer: TPMI=4
	4
	1 layer: TPMI=4
	4
	1 layer: TPMI=4

	…
	…
	…
	…
	5
	1 layer: TPMI=8

	11
	1 layer: TPMI=11
	11
	1 layer: TPMI=11
	6
	1 layer: TPMI=12

	12
	1 layers: TPMI=12
	12-15
	reserved
	7
	reserved

	…
	…
	12
	1 layer: TPMI=12
	
	

	27
	1 layers: TPMI=27
	
	
	
	

	28-31
	reserved
	
	
	
	



where highlighted lines are new items to be included for partial/non-coherence capable UE operation. In this case, TPMI=4, layer-1 corresponds to this precoder


for non-coherent Tx, where two of UE’s Tx chain can be used for 1-layer transmission. Also TPMI=12 is related to


where all UE’s 4 Tx chains are combined with 1-layer transmission. This solution shall solve the full Tx power transmission issue that the partial/non-coherent UE may experience.
With these solutions, we have this proposal:
Proposal 2: Support to adjust the non-coherent and partial-coherent codebook size with a new codebook subset.

2.3	Power class 2
There is an open question on whether this full power transmission is related to PC2. All RAN1 defined UE capabilities, as indicated in agreements, are related to PC3, where 23dBm is considered as the full Tx power. RAN4 provided their inputs related to PC2 PA configurations:
“Only PA configurations of 23+23dBm for UL MIMO and 26dBm for 1Tx are supported by specification for NR TDD bands for PC2 UE in Rel-15”
Although the original motivation of this WID topic is to find the solution for more common PC3 UE, the basic approach can be applied to PC2 as well, at least for 2Tx UE, where RAN4 has its clear definition and requirements. With this, we can propose to extend the possible PC3 solution to PC2, at least for 2Tx UE.
Proposal 3:	Support to extend the solution of UE capability 2 to power class 2 UE, at least for 2Tx UE.

3	Conclusions
This contribution discusses these issues related to full power UL transmission:
· Full power UL capability for the 3 UE capabilities;
· Full power Tx solutions for UE capability 2;
· UE PC2 relevancy for full power UL transmission.
We have these observations and proposals:
Observation 1: No full power Tx solution is needed for UE capability 1.
Observation 2: There is overlap between UE capability 2 and UE capability 3.
Proposal 1: Confirm the Working Assumption that for PC3, UE capability 2 can support full power transmission.
Proposal 2: Support to adjust the non-coherent and partial-coherent codebook size with a new codebook subset.
Proposal 3: Support to extend the solution of UE capability 2 to power class 2 UE, at least for 2Tx UE.
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