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1 Background

HPUE behavior and the applicable transmitter requirements when the UL duty cycle is “too large” is addressed in the way forward [1] listing the following objectives
· need to find a way to allow a UE to meet SAR under high power/ high duty cycle condition

· do not mandate that the UE reduce power unnecessarily

· need to define unambiguous requirement
with a view to remove the word “may” that makes applicability of PC3 fall-back requirements for PC2 operations optional. In [1] it is proposed to allow use of MPR to meet PC3 limits when the duty-cycle limit is too large.
The above is also related to UE behavior when the P-Max is present or absent. For LTE the UE behavior is band specific, the current NR specifications make exceptions for some bands, which is normally not desirable from an RRC standpoint. RAN2 has considered the matter ant told RAN4 that:
RAN2 would like to thank RAN4 for the LS on cell selection issue in idle mode for 5G NR HPUE (R4-1808203). At RAN2#103 meeting, RAN2 discussed the identified issue and following potential solutions in RAN4 LS:
Alt.1: Resolve this issue in RAN2 under the assumption that HPUE shall assume 23dBm of output power (i.e. default  PC) at maximum if gNB does NOT signal any Pmax value

Alt.2: PC2 UE can assume 26dBm of output power at maximum if gNB does NOT signal any Pmax value at least for band n41, n77, n78 and n79
The conclusions are:
Alt. 1 has RAN2 impact and RAN2 did not reach any consensus on the solution to resolve the issue raised in RAN4 LS.
Alt. 2 has no RAN2 impact and is feasible from RAN2 perspective. 
RAN2 agreed to capture in 38.331 that when p-Max is absent in SIB2 or SIB4 that UE applies the maximum power according to TS 38.101. 
RAN2 did not conclude on the cell-selection issue but seems to advocate a band-agnostic indication of P-Max: if absent the UE applies the power in accordance with its power-class capability. 
In this contribution we propose to specify the UE behavior when P-Max is present/absent in a band-agnostic manner and allow P-MPR for meeting PC2 minimum requirements when the duty cycle is exceeded. We note that the SAR limit is a UE (OEM) requirement; in live operation P-MPR may have to be used due to user interaction even if the duty cycle is within the capability or below 50%. However, the RAN4 conducted requirements should be specified in an unambiguous way when the duty cycle is within limits and be based on a P-MPR = 0 dB.

2 UE behavior when P-Max is present or absent
The P-Max was originally devised as a limitation of the UE transmission power and not a power allowance. The Pcmax used in the power-control equations is an upper limit bounded by the UE power class (capability) and other cell- or UE-specific limits. In their response [2] RAN2 notes that
Alt.2: PC2 UE can assume 26dBm of output power at maximum if gNB does NOT signal any Pmax value at least for band n41, n77, n78 and n79
and agreed to capture in 38.331 that when p-Max is absent in SIB2 or SIB4 that UE applies the maximum power according to TS 38.101-1. We propose that this is specified in a band-agnostic manner, hence applicable not only for the TDD bands mentioned in Alt2 and with the interpretation of “maximum power according to TS 38.101-1” as the UE power-class capability. 
The UE behavior when the P-Max is indicating the default power class or lower should be specified as follows, i.e. the PC3 fall-back,
if the P-Max indicates a power less than or equal to the default power class, then the requirements for the default power class applies. The Pcmax,c is modified accordingly (according to clause 6.2.4).

avoiding the wording that “the UE shall apply requirements” (it’s the requirements that apply for a particular UE capability). In order to comply with the requirement when the said P-Max is indicated, the Pcmax is computed using ΔPPowerClass = 3 dB.
3 Cell-suitability criterion for HPUE
A band-agnostic P-Max indication means that modification of the cell-selection (suitability) criterion for HPUE may have to be resolved by other means. Use of the additinalPmax indication appears a clean technical solution to resolve this for the devices that are capable of higher power without changing the conditions for all UEs in the cell.
4 HPUE UE when the UL duty-cycle is too large

For PC2 operation, it is proposed to allow use of MPR for making sure that the UE meets PC3 requirements when the duty cycle is “too large” to facilitate SAR compliance. We propose to use P-MPR instead, which is also aligned with the intended use of the P-MPR. 

From a RAN4 specifications perspective, it is important to verify the conducted performance (core requirement) when the duty-cycle is within limits under the assumption that P-MPR = 0 dB. The test conditions are such that e.g. proximity sensors (and P-MPR use) are not triggered. Hence, conditioned on the P-Max indication, the specification would read 

if the P-Max is absent or indicates a power greater than the default power class and the duty cycle is less than 50% or the duty-cycle capability if present, then the requirements for the supported (HPUE) power class applies.

In live operation, on the other hand, the P-MPR may have to be used for SAR compliance even if the duty cycle is within the UE capability or the fixed 50% limit. This can not be guaranteed by RAN4 conducted testing. Likewise, when the cycle exceeds 50%, P-MPR may still have to be used due to user interaction even if a PC2 UE would be forced to comply with PC3 conducted requirements. Hence, for RAN4 core requirement specification, the P-MPR can be allowed for compliance with PC3 requirements
if the P-Max indicates a power greater than the default power class and the duty cycle is greater than 50% or the duty-cycle capability if present, then the UE may apply P-MPR to meet the requirements of the default power class (in order to faciliate SAR compliance). 

This means that ther PC3 requirements are not mandated for PC2 when the duty-cycle is “too large”. However, when the P-Max is present and indicates the default (PC3) power limit, then the PC3 requirements shall be met (see section 2).

5 Proposal

We propose that 

1. the P-Max is specified as a power limitation in a band-agnostic manner such that the UE behaviour is consistent

2. that for HPUE operations the following is applied

if the P-Max indicates a power greater than the default power class and the duty cycle is greater than 50% or the duty-cycle capability if present, then the UE may apply P-MPR to meet the requirements of the default power class (in order to faciliate SAR compliance). 

if the P-Max indicates a power less than or equal to the default power class, then the requirements for the default power class applies. The Pcmax,c is modified accordingly (according to clause 6.2.4).

if the P-Max is absent or indicates a power greater than the default power class and the duty cycle is less than 50% or the duty-cycle capability if present, then the requirements for the supported (HPUE) power class applies.

With regard to the objectives of the way forward in [1]:
· need to find a way to allow a UE to meet SAR under high power/ high duty cycle condition; P-MPR is allowed for PC3 compliance also in conducted testing
· do not mandate that the UE reduce power unnecessarily; the P-MPR is not allowed in conducted tests when the duty-cycle is within limits
· need to define unambiguous requirement; the requirements are unambiguous (mandatory) when the duty-cycle is within limits and when the P-Max indicates the default power class or lower.
An accompanying CR implementing the above is provided in [3].
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