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Introduction
If Pmax should be introduced and how it can be introduced in RAN4 spec were discussed in Rel-15. Since lack of consensus, the discussion was postponed to Rel-16. Since the beginning of work in Rel-16, this topic has not been under discussion until recently a LS [1] from RAN2 to RAN4 informed RAN4 that RAN2 introduced p-UE-FR2 for NR-DC involving FR2.

RAN2 has discussed the signaling support for power control on NR-DC and kindly asks RAN4 to take the following RAN2 agreements into account and update specifications accordingly if any.
	1. [bookmark: OLE_LINK73]The existing parameter p-UE-FR1 defined in TS 38.331 can be reused to configure the total maximum transmit power to be used by the UE across all cell groups for NR-DC on FR1.
2. [bookmark: OLE_LINK4]Introducing a new parameter p-UE-FR2 in the RRCReconfiguration message to configure the total maximum transmit power to be used by the UE across all cell groups for NR-DC on FR2.


 

While the discussion paper [2] and draft reply LS [3] were also discussed in RAN4#94Bis e-meeting, the consensus was not reached. A WF [4] on Pmax for FR2 in Rel-16 suggested further investigations. Parameter  p-UE-FR2 can be considered as P-max in the context.
· Companies are encouraged to study how p-Max functionality can be implemented and analyse especially accuracy of the proposed solution
· Companies participating Intel, vivo, Huawei
· Companies are encouraged to present motivation for introducing p-Max
· Target is to conclude how the requirement can be captured to ensure implementation is usable
· Companies in discussion Nokia, Ericsson, NTT Docomo
· Send Reply LS to RAN2 to inform them on the status and RAN4 would have further discussion on this issue



In this contribution, we provide some technical analysis for P-max in FR2. 
Discussion 
The configured UE maximum output power is specified in 38.101-2 in the following way.The configured UE maximum output power PCMAX,f,c for carrier f of a serving cell c shall be set such that the corresponding measured peak EIRP PUMAX,f,c is within the following bounds
PPowerclass – MAX(MAX(MPRf,c, A- MPRf,c,) + ΔMBP,n, P-MPRf,c) – MAX{T(MAX(MPRf,c, A- MPRf,c,)), T(P-MPRf,c)} ≤ PUMAX,f,c ≤ EIRPmax
while the corresponding measured total radiated power PTMAX,f,c is bounded by
PTMAX,f,c ≤ TRPmax


There are two inequalities. One is for peak EIRP and the other one is for TRP.

 P-max in EIRP

P-max if introduced in EIRP will limit both upper band and lower band as P-max functionality in FR1. Limiting maximum peak EIRP looks reasonable in the sense that maximum peak EIRP determines cell radius and worst case of interference level to other devices. limiting maximum peak EIRP can guarantee EIRP at non-peak directions is also limited since it is less than the peak value which happens at antenna boresight. Limiting maximum peak EIRP requires the calibration to be done on boresight only, so the calibration effort is moderate. Lower bound also needs to be revisited when introducing P-max, but the lower bound tolerance needs to be carefully specified in order to not over tight the requirements.

Observation 1: Limiting peak EIRP by introducing P-max looks possible but needs careful design Pumax lower bound. Existing TRP inequality can be automatically met.  

P-max in TRP
P-max if introduced in TRP can be used to limited upper bound. In current spec there is no lower bound in current TRP inequality since lower bound is not intended to have. TRP Calibration could become simple as well if Pumax requirement is not required. But we think this is not the case because UEs still need to work under reduced maximum TRP limit. EIRP inequality must be modified as well. Especially Pumax lower bound need to be reformulated to accommodate this power reduction. This will introduce significant difficulty on top of TRP limitation. So far there is no contribution to solve this issue and this is a non-trivial task. On the other hand, the motivation to limit TRP is not clear.

Observation 2: Limiting maximum TRP by introducing P-max but not modifying Pumax inequality seem not possible. The impact on Pumax needs also to be considered and complexity seems significant.
Conclusion
We provide technical analysis of P-max introduction in FR2 for maximum configured transmitted power. The following observations are presented:

Observation 1: Limiting peak EIRP by introducing P-max looks possible but needs careful design Pumax lower bound. Existing TRP inequality can be automatically met.  

Observation 2: Limiting maximum TRP by introducing P-max but not modifying Pumax inequality seem not possible. The impact on Pumax needs also to be considered and complexity seems significant.
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