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1. INTRODUCTION
[bookmark: _Hlk521410680]In WG1 Meeting #95 [1], RAN1 continued the discussion on full TX power uplink, however the discussion did not lead to a downselection of the proposed schemes. Based on the discussion the following agreements were reached:
	· 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
· [bookmark: _Hlk534837174]FFS: Whether this applies for the entire codebook or subset of codebook

· 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

· 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)

· For guidance in future RAN1 discussions:
Understanding of antenna virtualization for ease of discussion (not for specification):
· A UE forms an antenna port by transmitting on one or more TX chains (each with a power amplifier)




An important outcome of the last meeting was consideration of full TX power operation for codebook-based non-coherent and partial/non-coherent capable UEs as a UE capability. Also, a fifth option was added to the list of potential solution. In this contribution, we provide our perspectives on recommended solutions to support full power uplink transmission for non-coherent and partial-coherent UEs.

2. UL FULL TX POWER 
Since a mismatch between different elements of a UE RF transmit chain can result in inaccurate precoding, in NR Rel-15, three different transmission capabilities were introduced to allow a more reliable uplink transmission. The introduced UE transmission capabilities reflect the integrity of the uplink transmission in terms of phase/time coherency that are resulted from impairments. Therefore, by considering the reported UE capabilities, i.e., nonCoherent (NC), partialAndNonCoherent (PNC) and fullAndPartialAndNonCoherent (FPNC), the precoding operation can be adapted according to the coherence level of the antenna panel architecture.  As such, according to UE coherence capability, only a specific subset of precoders will be allowed for transmission.

Factors such as UE cost, heat dissipation, and limited physical dimension requires that PA power rating per TX chain is always kept below the max total UE power. As a result, any precoding procedure that involves a form of antenna selection would automatically result in a reduced total power. Therefore, in NR Rel-15 UE precoding behaviour where antenna selection is performed through subset precoder selection, full TX power may not always be achieved. 

For example, under the FPNC capability, uplink transmission can support all ranks, and if required, with full power capability. For instance, for rank 1 transmission, as shown in Table 1, TPMIs {0, 1, 2, 3} enable antenna selection, while TPMIs {0, 4, 12} can be utilized for UE power saving, if needed. Therefore, while antenna selection is supported, the power saving capability of UE by turning OFF/ON of RF chains are maintained.

However, in the case of PNC or NC, full power utilization may not be achieved due to introduced codebook subset restriction that prevents a UE to operate at full power in certain scenarios. For example, in the NC mode, none of the NC TMPIs would allow a full uplink power utilization, if the power rating of each UE PA cannot attain the expected full power, e.g., 23 dBm.


Table 1 - Precoding matrix  for single-layer transmission using four antenna ports with transform precoding disabled
	[bookmark: _Hlk500155670]TPMI index
	

(ordered from left to right in increasing order of TPMI index)
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3. DISCUSSION
Here are our observations and perspectives for each of the five options identified as potential solutions to address the uplink full TX power utilization. 
 
Option 1: Refinement/adjustment of UL codebook is supported
For uplink MIMO transmission, precoding is a means to spread the information according to the configured layer. In other words, precoding is to select the desired transmission ports, and spread the transmission across them. Considering the recent agreement on full TX operation as a UE capability, a new definition of codebook subsets and/or scaling could potentially provide a solution, however a proper design of the codebook may need some additional information about power rating of each power amplifier, otherwise a mismatch may occur. 

Option 2: UE transparently apply a small cyclic or linear delay
[bookmark: _GoBack]Since there is no definition on the expected level of impairments that restricts a UE from operating in FPNC to PNC and/or NC, it is not clear how effective this solution would be. Such solution may require extensive evaluations, and still its effectiveness may be limited. Moreover, solutions based on virtualization seem to defeat the whole purpose of the introduction of coherence capability by reversing the coherency consideration through antenna port combining.

Option 3: Power control mechanism to be modified to support UL full power transmission without precluding the use of full rated PA(s)
Considering the recent agreement to support full TX power with multiple power amplifiers, Option 3 seems to be a viable solution that can effectively support UL full power transmission for all levels of UE coherence capability. However, this may still require some guidance from RAN4 for establishing a basic framework on supported UE RF architectures, and whether the solution could be applied for the entire codebook or a subset of it. 

Option 4: Up to UE implementation (no specification impact)
[bookmark: _Hlk528661836]Given the shortcomings and obstacles, it seems reasonable that full power transmission for NC and PNC UEs to be left to UE implementation. As such, if a UE implementation supports one or more fully rated PAs, then it could achieve the full power transmission state in all or some of cases.
 
Option 5: Power compensation for the precoders with 0 entries by introducing αRel-16
This is essentially a combination of Options 1 and 3 that could also provide a sufficient solution to attain full TX power. 

Based on the discussion, following observations are made:
Observation 1 – Option 1 and 4 could potentially lead to a resolution of the problem; however, to avoid a mismatch, they seem to require additional information on each PA rating.
[bookmark: _Hlk528313724]Observation 2 – Option 2 seems to defeat the whole purpose of having the notion of UE coherence capability through the virtualization.
Observation 3 – Options 3 and 5 could provide a solution, however some guidance from RAN4 may still be needed.

Proposal 1 - Full power uplink transmission for NC and PNC UEs to be left to UE implementation.


4. Conclusion
In this contribution, we provide our perspectives on the recommended solutions to support full power uplink transmission for all UE coherence capability. Based on the discussion, following observations and proposal are made:
Observation 1 – Option 1 and 4 could potentially lead to a resolution of the problem; however, to avoid a mismatch, they seem to require additional information on each PA rating.
Observation 2 – Option 2 seems to defeat the whole purpose of having the notion of UE coherence capability through the used combining.
Observation 3 – Option 3 could provide a solution, however some guidance from RAN4 may still be needed.

Proposal 1 - Full power uplink transmission for NC and PNC UEs to be left to UE implementation.
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