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Introduction
In last meetings, different UE capabilities to allow full power UL transmission was agreed as follows [1][2][3]:
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
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:
Alt 1: UE capability signaling of supported one or group of TPMI precoder(s)
Alt 3: 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
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

In this contribution, we analyse the alternatives for UE capability signalling design and power control mechanism, and provide our views. 
Codewords to be enhanced to support full power transmission
[bookmark: OLE_LINK21]In Rel-15 UL codebook design, the transmit power is imbalanced between ranks, due to the fact that the power can not be borrowed between each other PAs. For non-coherent UE, only the codeword of rank 4 can achieve full power transmission. The total power of codeword of rank 2 is reduced by 3dB relative to that of rank 4, and total power of codeword of rank 1 is further reduced by 3dB relative to that of rank2. Due to the imbalanced total power for different ranks, it is difficult to implement rank adaption, which will impact the UL transmission performance. Based on the above discussion, we have the following proposal:
Proposal 1: Full power transmission should be considered for all ranks for partially / non-coherent UE.
[bookmark: OLE_LINK22][bookmark: _GoBack]For full coherent capable UE, all of three types of precoders are supported (full coherent/partial coherent/non coherent precoders). If the full coherent UE have the full power transmission capability on a PA or multiple PAs with non-coherent or partial coherent codewords, the functionality of full power transmission should be applicable to enhance the UL coverage.
Proposal 2: For full coherent capable UE, partial coherent/non coherent codewords should also be enhanced to support full power transmission.

Discussion on UE capabilities to support full power transmission
In LTE stage, three of the UE capabilities/architectures are already supported [3], which means the three UE architectures are existed already.  To support the full power transmission for all the three architectures in the WI are very nature. 
For UE capability 1 and capability 3, at least there is one full related PA, so the full power transmission can be realized by transmit on the full related PA. UE capability 2 can support full power transmission via some/all non-coherent antenna port(s) with port virtualization, i.e., each port are virtualized by multi-PAs. In last meeting, some companies raised concerns on the performance of capability 2. The concern is that more than 1 non-coherent antennas would be used to transmit a single layer by capability 2 UE, in this case, the phase used to decide MCS will be different from the phase used for the actual PUCCH transmission due to phase floating. However, SD-CDD can be used via UE implementation to reduce the performance loss caused by the random phase. As can be seen in Figure 2 with 2T4R, capability 2 UE could achieve obvious performance gain comparing Rel-15 case with an antenna transmission with full power transmission solution Option 3 + Option 1-2. The assumptions of the simulation can be found in the appendix. 
[image: ]
Figure 2. Full power transmission of the UEs with Capability 2
In this case, all the three capabilities have their use case and need to be supported.
Proposal 3: Confirm the working assumption that capability-2 can support full power transmission.
One more issue to be discussed is the usage of full power transmission for power class-2 (i.e., 26dBm). The discussion on the detailed solutions including UE capability reporting schemes till now focus on power class-3. However, there is no any difference between power class-2 and power class-3 in RAN1 for the solutions (including capability reporting). If the full power transmission solution can be used for power class-3, it also can be used for power class-2. For example, the full power transmission solution Option 3 + Option 1-2 (i.e., adjust Pc scaling and add additional scaling factor for codebook) can be used for 2Tx case 20dBm+23dBm PA architecture (i.e., power class-3), and the solution also can be used for 2Tx case with 23dBm+26dBm PA architecture (i.e., power class-2). Thus, the full power transmission solutions and UE capability reporting used for power class-3 also can be extended to power class-2, while there is no additional RAN1 work. Actually, in RAN1 discussion and specification, there will be no distinguish on power classes.
The UE antenna architectures for full power transmission are still under study in RAN4 for full power transmission, however from RAN1 perspective, the full power transmission solution and the related UE capability reporting solutions should be for both power class 2 and power class 3. Then, leave the discussion of test cases for power class 3 and 2 in RAN4 definition.
Observation 1: There is no any difference on power class 2 and 3 for the RAN1 discussion of full power transmission schemes.
Proposal 4: The full power transmission solutions in RAN1 discussion should be used for both power class 2 and power class 3.

Signaling design on UE capability reporting
[bookmark: OLE_LINK1]As noted in the chairman’s notes, the ‘UE capability 1/2/3’ only represents 3 categories of antenna/PA architectures. The details on UE capability reporting is discussed in this section. Based the discussion in last meeting, there are two alternatives are left, i.e., 
· Alt 1: UE capability signaling of supported one or group of TPMI precoder(s)
· Alt 3: UE capability signaling of power scaling schemes for full uplink power transmission.
For Alt 3, UE would report its power scaling schemes for full power transmission such as candidate power scaling schemes can be:
· Power scaling scheme-1: power scaling factor is equal to 1;
· Power scaling scheme-2: power scaling factor is non-zero ports/maximum ports;






However, such information may still not enough to enable gNB to get sufficient knowledge of UE’s concrete PA architecture, and gNB cannot instruct UE to implement full power transmission correspondingly. Take 2Tx UE as an example, both “UE capability 1” and “UE capability 3” can support scheme-1 for full power transmission. However, “UE capability 1” should support both codeword  and  , while, “UE capability 3” should support one of codeword  and . Furthermore, take 4Tx UE as an example, UE with four PAs with 20 dBm could support full power transmission scheme-1 by using  when UE reporting capability of power scaling scheme-1, but cannot support full power transmission by using when UE reporting power scaling scheme-1. 
Based on the above example, we can see that if UE only reports ‘Scheme-1’, gNB still cannot  know how to support full power transmission in the scheduling, such as which codeword for the UE to achieve full power transmission. So, UE capability reporting with Alt 3 is not preferred. 
For Alt 1, UE reports the capability of whether/how to support the full power transmission via TPMI/precoders group reporting for codebook based transmission. With the UE capability reporting solution, there is no any confusion between UE and gNB. The full power transmission can be easily enabled by using the TPMI in the UE reported TPMI group. Although the UE PA architecture may be transparent to gNB, gNB can still have the same understanding with UE on the transmission power when the precoders are applied to perform accurate link adaptation.




To be more specific, we list the precoder group may be reported by UE in Table 2. For 2Tx as an example, there is only two precoders (and ) may need to be reported for distinguishing whether supporting full power transmission. If UE only reports , then gNB and UE are aligned with full power only can be used in the case that the precoder is scheduled. The UE capability reporting solution can be used for any PA architectures including UE capability 1/2/3. 




As shown in Figure 3, 2Tx UE with ‘UE capability 1/3’ can report either codeword  and/or   to support full power transmission. For the UE with ‘UE capability 2’, the full power also can be used through the TPMI  or , while each port is virtualized by two PAs. 
Table 2. Codewords for UE capability reporting
	
	Rank-1
	Rank-2
	Rank-3

	Codebook subset of nonCoherent with 2Tx
	


	-
	-

	Codebook subset of nonCoherent or 'partialAndNonCoherent' or 'fullyAndPartialAndNonCoherent 'with 4Tx
	




	



	


	Codebook subset of 'partialAndNonCoherent' or 'fullyAndPartialAndNonCoherent' with 4Tx
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Figure 3. UE capability reporting design for 2Tx
Proposal 5: UE capability reporting scheme Alt 1, i.e., through TPMI or TPMI group reporting, should be supported.

Full power transmission scheme 
Agreement
Several options or combination of the options from the last two meetings are listed for further discussion:
· 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
· Option 5: 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
There are 5 options for the full power transmission solution discussed in previous meetings. However, only refine the codebook or only adjust power control mechanism may not sufficient to enable full power transmission in some options. For example, Option 2, i.e., UE transparently apply a small delay CDD, alone is meaningless, since it is transparent for spec and also can not support full power transmission. 
Moreover, relying on UE implementation to achieve full power transmission, e.g., option 4 and 5, it is completely up to UE implementation to achieve full power transmission which will lead to the misalignment understanding between gNB and UE. And gNB cannot perform accurate link adaptation accordingly. 
To support full power transmission, the following combined options may be complete solutions:
· Alt-1: Option 2 + Option 1-1;
· Alt-2: Option 3 + Option 1-2;
In the following, we discuss the two complete solutions for full power transmission.  For Alt.1, i.e., Option 2+ Option 1-1, use new codewords such as  for the non-coherent UE to enable simultaneous two antenna transmission and further use small delay CDD to overcome the problem of phase shifting between the two different antennas. In the scheme, the phase shift may be randomized (diversity) by small delay CDD, but the beamforming gain is destroyed, and the power imbalance between two antennas is not addressed yet, which may reduce the system performance. For UE capability 1 or 3, with Alt.1, the full related PA cannot be used for full power transmission. For example, UE have 23+23 dBm PAs for power class 3, if with Alt.1, then the full power only through two PAs with 20dBm+20dBm, but not from a single 23dBm transmission. 

For At.2, i.e., Option 3 + Option 1-2, it enable full power transmission by power scaling adjustment. In the solution, the new scaling factors for precoders also should be added, otherwise if the power control mechanism satisfies full power transmission for low rank (rank 1 or 2) for non-coherent and partially-coherent UEs defined in Rel-15, the transmission power for higher rank will be more than the maximum power. Compared to Alt.1, Alt.2 can enable the full power transmission on the full related PA for capability 1 and 3, where at least one of the PA is full power related. It is more efficient to UL transmission while only one PA is active for transmission. It is noted that Alt.2 is also can be used for the capability-2 with port virtualization. For example, a 2Tx UE can form virtualized SRS port 0 by 2 non full-rated PAs. And when the SRS port 0 is selected by , full power can still be achieved for PUSCH with the 2 non full-rated PAs.
In the case of partial antennas are blocked, the transmission power is wasted in Alt.1, but there is no any coverage enhance. However, with Al.2, the single full related PA also can be selected for full power transmission. In the following, we provided the comparison between Alt.1 and Alt.2 with 2T2R, where the detailed simulation can also be found in our companion contribution [5].
[image: ]
Figure 4. Performance of full power transmission mechanism with blockage



Based on the above capability reporting mechanism, the codewords in the UE capability reporting can be used to define the power scaling mechanism accordingly. For example, when the UE reports  for full power transmission, both gNB and UE would assume that when codeword  is indicated, the scaling factor is 1 for PUSCH transmission. And when is indicated, the the power control mechanism of PUSCH in Rel-15 is adopted.

Proposal 6: Full power transmission scheme Alt-2 (i.e., Option 3+Option 1-2) should be supported for full power transmission.

Summary of discussions
Based on the above discussion, we have the following observations and proposals: 

Observation 1: There is no any difference on power class 2 and 3 for the RAN1 discussion of full power transmission schemes.
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: Confirm the working assumption that capability-2 can support full power transmission.
Proposal 4: The full power transmission solutions in RAN1 discussion should be used for both power class 2 and power class 3.
Proposal 5: UE capability reporting scheme Alt 1, i.e., through TPMI or TPMI group reporting, should be supported.
Proposal 6: Full power transmission scheme Alt-2 (i.e., Option 3+Option 1-2) should be supported for full power transmission.
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Appendix A. Simulation assumptions

	Parameter
	Value

	Carrier frequency
	2GHz

	Subcarrier spacing
	15kHz

	Delay spread
	100ns

	System band
	10MHz

	Channel model
	TDL

	UE speed
	3km/h

	UE antenna configurations
	2Tx

	[bookmark: _Hlk478148937]UE antenna pattern
	Omnidirectional

	BS antenna configurations
	2Rx/4Rx

	Link Adaptation
	Enable

	Receiver
	MMSE
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