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[bookmark: _Ref494215420]Introduction
Based on the last meeting discussion [1], the following agreement of full TX power for UL transmission was reached. 
Agreements: (RAN1 #94bis)
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 this contribution, we will analysis these options and find the potential solution for this issue.
Discussion
Current issue of full TX power for UL transmission
In the current 38.213 [2], the transmission power of PUSCH is defined in a similar way as in LTE, where UE will first scale a linear value  of the transmit power  by the ratio of the number of antenna ports with a non-zero PUSCH transmissions to the number of configured antenna ports, then split equally across the antenna ports on which the non-zero PUSCH is transmitted. As each antenna port can only use its own power amplifier (PA), if the total transmit power for PUSCH can be up to 23 dBm and UE use fully coherent transmission, for the two antenna ports case, the maximum power for each antenna should be 20 dBm and for the four antenna cases, the maximum power for each antenna should be 17 dBm, Fig. 1.


Fig.1 Implementation with two 20 dBm PAs and four 17 dBm PAs with the total transmit power of 23 dBm

However, by using this architecture, when a UE reports ‘nonCoherent’ or ‘partialAndNonCoherent’ transmission capability, it can never achieve full Tx power. For example, if the codebook  is been used for single-layer transmission, the total transmission power is limited to 20 dBm. 
Observation 1: According to current codebook design, RF structure and power control definition, UE could not achieve full TX power for non-coherent and partial coherent transmission. 

Analysis on the available methods of the full TX power for UL transmission
Based on last meeting agreements, we can category the options into three different methods according to their purposes.
· Method 1: Option 1-1 + Option 2 (+ Option 4)
This method uses a small delay cyclic delay diversity (S-CDD) or linear delay diversity (which could be applied in a spec transparent manner) to apply to all the configured antenna ports which includes the ones that non-coherent and partial coherent transmission with zero PUSCH power, Fig 2.



Fig. 2. A ‘noncoherent’ transmission capability UE to use both antenna ports for fully coherent transmission
However, one concern on this method is the mismatch between gNB UL channel estimation and PUSCH effective transmission channel. In other words, CQI based on UL channel estimation might not be reliable.
Observation 2: CQI based on UL channel estimation might not be reliable for S-CDD or linear delay diversity (Option 1-1 + Option 2 (+ Option 4))) method.

· Method 2: Option 1-2
Some companies suggested to change the scaling factor of all uplink codebook (Option 1-2). For example, we can add a new precoder  other than  in the table for the full power transmission purpose. However, the scaling factor is just a normalization approach in the digital domain and it could not solve the full power transmission problem fundamentally.
Observation 3: Additional scaling factor (Option 1-2) will not solve the full power transmission problem fundamentally.

· Method 3: Option 3 (+ Option 4) 
This method is the most straightforward one which removes the limitation of splitting across the number of configured antenna ports. Then even if only some PA of UE are full rated, full power transmission could still be achieved. For example, for the two transmission antenna port case, when one PA could achieve 23 dBm and the other one could only achieve 20 dBm, then antenna port with 23dBm PA could be chosen for transmission. Accordingly, new UE power class should be introduced in R16.
Observation 4: New UE power class should be introduced to achieve full power transmission.
Proposal 1: Support to modify the power control mechanism (Option 3 (+ Option 4)) to achieve full TX power UL transmission.

Conclusion
In this contribution, we analysis the available methods of full TX power for UL transmission based on last meeting agreements. Based on the discussion, we have the following observations and proposal:
Observation 1: According to current codebook design, RF structure and power control definition, UE could not achieve full TX power for non-coherent and partial coherent transmission. 
Observation 2: CQI based on UL channel estimation possibly might not be reliable for S-CDD or linear delay diversity (Option 1-1 + Option 2 (+ Option 4))) method.
Observation 3: Additional scaling factor (Option 1-2) will not solve the full power transmission problem fundamentally.
Observation 4: New UE power class should be introduced to achieve full power transmission.
[bookmark: _GoBack]Proposal 1: Support to modify the power control mechanism (Option 3 (+ Option 4)) to achieve full TX power UL transmission.
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