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[bookmark: _Ref494215420]Introduction
In RAN1 #94bis [1], the following agreement on full TX power for UL transmission was reached. 
	Agreements: 
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)


In RAN1 #95 [2], Option 4 was updated and another option (Option 5) was added in the candidate options.
	Agreements: 
Option 4: Up to UE implementation with UE capability signaling of full power transmission in UL (no specification impact)
Option 5: For the precoders with 0 entries, the linear value of a PUSCH transmission power is scaled by a ratio .  The value of   is selected up to UE implementation within the range of [, 1],  where  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  value on different occasions of PUSCH transmissions with the same precoder for PUSCH.


During last meeting, slight majority of companies supported option 3. However, the detailed proposals varied among them. On the other hand, several other companies supported the combination of option 1-1 and option 2. Therefore, based on companies’ preferences, three different UE capabilities were agreed and whether all three capabilities or a subset would be specified need further discussions [3].
	Agreements
Full TX power UL 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.


In this contribution, we will analyze these capabilities and provide our opinions on this issue.
Analysis on the capabilities to support the full TX power for UL transmission
· UE capability 1
This capability is the most straightforward one to achieve full TX power for UL transmission where each antenna port has one full rated Power Amplifier (PA) and can transmit with power up to 23 dBm for Power Class 3 (PC3). It only needs to modify power control mechanism (Option 3) with eliminating the limitation on power scaling 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. 
[bookmark: _GoBack]Observation 1: UE capability 1 is the most straightforward capability for full TX power UL transmission. 
Some companies also suggested to change the normalization of the scaling factor for all uplink codebook (Option 1-2) to support this capability. For example, we can add a new precoder  besides  in the table for the full power transmission purpose. However, the scaling factor is just a normalization approach in the digital domain, and adjusting it alone has nothing to do with the full power transmission. On the other hand, in order to conform to the transmit power specified in 38.213 [4], it states that for each of the antenna ports used for transmission of the PUSCH, the block of complex-valued symbols  shall be multiplied with the amplitude scaling factor  in 38.211 [5]. To some extent, the functionality of the additional scaling factor can be substituted by . 
Observation 2: The functionality of the additional scaling factor can be substituted by  stated in 38.211. 
· UE capability 2
This capability can be achieved by the combination of Option 1-1 and Option 2 which applies small delay cyclic delay diversity (S-CDD) or linear delay diversity to all the configured antenna ports. For example, , and  can be the potential rank 1 TPMIs for two antenna ports. When a UE needs to use SRS to sound the channel, it can still use two antenna ports but with the second port has a small cyclic delay . This capability is attractive for the UE equipped with non-full rated PAs, which are less rigorous for the product requirements. However the performance gain may not be clear under some situations.
Observation 3: UE capability 2 is attractive for the UE with non-full rated PAs.



· UE capability 3
For this capability, only partial Tx chains can be with full rated PAs. For example, considering each antenna port corresponds to one Tx chain, a PC3 UE with one 23 dBm PA and one 20 dBm PA can support full TX power for UL transmission with rank 1 only by the first antenna port. It has one major drawback that even the precoder   has a better performance, it cannot use the second antenna port for full TX power UL transmission under this circumstance. Therefore, this capability is less flexible compared with other capabilities. 
Observation 4: UE capability 3 is less flexible compared with other capabilities. 
According to the above analysis, in order to support different UE types to achieve full TX power UL transmission, we support UE capability 1 and capability 2.
Proposal 1: Support UE capability 1 and capability 2 to satisfy different UE types for full TX power UL transmission.
Conclusion
In this contribution, we analyze the three capabilities of full TX power for UL transmission based on agreements from last meeting. Based on the discussion, we have the following observations and proposal:
Observation 1: UE capability 1 is the most straightforward capability for full TX power UL transmission.
Observation 2: The functionality of the additional scaling factor can be substituted by β_PUSCH stated in 38.211.
Observation 3: UE capability 2 is attractive for the UE with non-full rated PAs.
Observation 4: UE capability 3 is less flexible compared with other capabilities.
Proposal 1: Support UE capability 1 and capability 2 to satisfy different UE types for full TX power UL transmission.
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