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1. Introduction
 In RAN1#95 meeting, following agreements are captured in the chairman’s note as: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)


In this contribution, we further discuss on full power transmission in case of codebook based uplink transmission with multiple power amplifiers.  


2. Discussions on full transmitter power UL transmission 
In the power control maintenance session in RAN1#95 meeting, the agreement on PUSCH power control is captured in the chairman’s note as: 





For a PUSCH transmission on active UL BWP , as described in Subclause 12, of carrier  of serving cell , a UE first calculates scales a linear value  of the transmit power , with parameters as defined in Subclause 7.1.1. If the PUSCH transmission is scheduled by DCI format 0_1 and when the higher layer parameter txConfig in PUSCH-Config is set to 'codebook', the UE scales the linear value by 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 the maximum number of SRS ports in one SRS resource supported by the UE..  When the higher layer parameter txConfig in PUSCH-Config is set to 'codebook', Tthe UE splits the resulting scaled power equally across the antenna ports on which the UE transmits the PUSCH with non-zero power. 


As shown above, in case of Rel-15 codebook based UL transmission, the PUSCH transmission is being scaled by the ratio of the number of antenna ports with a non-zero PUSCH transmission power to the maximum number of SRS ports in one SRS resource based on the UE capability. Due to this scaling factor, some precoders (e.g., some of partial and non-coherent TPMIs) cannot utilize full UL Tx power. 
On the one hand, above power control has the benefit for UE implementation aspect. Since power boost-up from un-used port(s) requires wider dynamic range of power amplifier, it may require more expensive RF-chains at UE. Also, such antenna “turn-off” has a merit of UE battery saving and preventing unnecessary uplink interference. On the other hand, above power control may have the coverage issue in case of non-full power UL transmission, and thus performance loss especially for cell edge UE is expected.
To solve this issue, 5 options below are considered to be down-selected in Ad-hoc meeting 1901.
· 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

In option 1, two approaches are considered. Option 1-1 is supporting new codebook subset restriction that allows UEs with the non-coherent or partial coherent transmission capability to use the full coherent TPMIs. In this way, full transmit power can be achieved, but some sub-band(s) may suffer from degraded beamforming gain due to relative phase difference (RPD) among non-coherent ports. Option 1-2 is introducing additional scaling factor for uplink codebook. For example, with this approach, 2Tx codebook with rank 1 can be expressed as Table I. In the table, normalization factor P can be RRC configurable (e.g., 1 or 2) based on the UE capability. Note that if P is set to 1, full power transmission can be achieved even with TPMI indices 1 and 2. In our understanding, current PUSCH power control statements in TS 38.213 follows current uplink codebook scaling factor. Thus, if we adopt this approach, modification for PUSCH power control should also be needed. 
Table I. Precoding matrix W 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 our view, if option 2 is supported specification transparently, this option can be a special case of option 4. Otherwise, the new scheme supporting this option needs to be introduced which has quite big specification impact. In addition, how to support higher rank (e.g., rank 3, 4) with option 2 is not clear. 
Option 3 considers modification of current power control mechanism, and two solutions are proposed in [1] and [2]. In [1], the scaling factor can be determined by  where  is the ratio of the number of antenna ports with a non-zero PUSCH transmission power to the number of antenna ports in one SRS resource, and  is determined by number of antenna ports and higher layer parameter codebookSubset in case of codebook based UL transmission. Based on the solution in [1], [2] considers one more constraint to keep the same power per non-zero antenna port across all TPMIs for a given rank. The intention of this constraint is to save UE power. However, this makes the power control algorithm more complicated and the actual benefit from power saving for the particular rank (e.g., rank 2 and 3) is unclear. Besides, whether or not to be applicable such power control mechanisms [1] [2] is up to UE RF architectures [3]. 
In the option 4, there may be several ways (including option 2) to support full power UL transmission by UE implementation. However, this does not mean that full power Tx capable UE should always employ full power Tx UL transmission. Thus, without any specification enhancement, gNB could still have problem for scheduling, uplink power control etc. Option 5 can also be considered as a special case of option 4. Compared to option 4, option 5 needs introduction of more detailed UE capability signaling to determine Rel-16 value, which could make gNB implementation more complex. 
Based on the above discussions, we slightly prefer option 1-2 which can be a straight-forward and simplest solution for the given objective with a relatively small specification impact. 

Proposal1: Introduce RRC configurable scaling factor for uplink codebook in order to achieve full Tx power UL transmission.

3. Conclusion
In this contribution, we discussed on full power transmission in case of uplink transmission with multiple power amplifiers. Based on the discussion, we have the following proposal as:
Proposal1: Introduce RRC configurable scaling factor for uplink codebook in order to achieve full Tx power UL transmission.
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