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Background
At RAN#92e the WID for rel-17 RAN4 WI was revised as “Revised WID Further enhancements of NR RF requirements for frequency range 2 (FR2)” [1] was approved. One part of the objective is to Study UL gaps for self-calibration and monitoring and the use cases for this objective was limited/updated to:
· UL gaps for self-calibration and monitoring. [RAN4 RF/RRM, RAN2] Study and, if feasible, introduce UE specific and NW configured gap for general self-calibration and monitoring purposes including
· PA efficiency and power consumption
· Transceiver calibration due to temperature variation 
· UE Tx power management
· Others self-calibration and monitoring are not precluded
· Coherent UL MIMO
· Phase 1: Study and clearly identify the performance gain over the current baseline (Rel.16 requirements) Study of RF performance evaluation/testability related to UE self-calibration and monitoring. Study network impact of UE emissions during UL gap, if any.
· Phase 2: Specify the UL gap configuration(s), related UE capability and interruptions, if needed, based on the identified performance gain in Phase 1 and UE fall back behavior i.e. if gaps are not available for UE requesting gaps. Discussion on release independence aspects.
WF on gaps at RAN4#100-e
At RAN4#99-e a WF was agreed in [2] and the parts covering Tx power management is copied below:

Way forward – Tx power management: RF aspect
Agreement: 
· Baseline is to verify that UE correctly behave without phantom and ensure the feasible requirement gain in Rel-17 with different test methods.

Agreement: 
· “P-MPR report+peak EIRP without phantom”, X dB EIRP gain and P-MPR requirement of Y when UL gap is activated should be achieved compared to the case where no gap is activated 
· Decide range for X value in this meeting for making decision in future meeting
· Option 1: at least 6dB
· Option 2: A value between 6dB and 3dB, which is typical in the field
· Further discussion on the definition of Y in this meeting
· Option 1: Y is absolute value
· Option 2: Y is the relative value of gain
· Option 3: no P-MPR requirement of Y
· FFS on the implementation margin
  
Way forward – Tx power management: RRM aspect
Agreement: 
· UL gap should be explicitly activated by NW via signaling 
· How can UE indicate the NW UL gap activation is needed?
· [bookmark: _Hlk84928487]Option 1: UE explicitly indicates to NW by signaling
· Option 2: UE implicitly indicate to NW by P-MPR reporting. The exact P-MPR value is FFS. 
· Network can activate UL gap without the indication from UE
· UL gap should be explicitly deactivated by NW via signaling
· How can UE indicate the NW UL gap deactivation is needed?
· Option 1: UE explicitly indicates to NW by signaling
· Option 2: UE implicitly indicate to NW by [TBD] reporting. 
· Network can deactivate UL gap without the indication from UE.

Agreement: Two approaches will be considered
· [bookmark: _Hlk84927601]#1: UL gap should be explicitly configured and activated/deactivated directly by RRC signaling
· #2: UL gap should be explicitly configured by RRC and activated and deactivated by MAC CE

Agreement:
· The switching time should be included in gap period.

Further discussion on down-selection of gap configurations. 
· Candidate gap configurations: UGL (UL gap length), UGRP (UL gap repetition periodicity)
· UGL: 0.5ms, UGRP: 20ms (Huawei)
· UGL: 1ms, UGRP:20ms (Huawei, apple)
· UGL: 1.25ms, UGRP: 20ms (apple)
· UGL: 0.5ms, UGRP:40ms (Huawei)
· UGL: 1ms, UGRP:40ms (Huawei)
· UGL: 0.125ms, UGRP:5ms (Qualcomm)
· UGL: 0.125ms, UGRP:10ms (Qualcomm)
· UGL: 0.125ms, UGRP:20ms (Qualcomm)
· UGRP: 160ms (Sony, vivo, Ericsson, intel)
· UGRP: 320ms (Sony, vivo, Ericsson, intel)

In addition, the following WF is agreed:   

Further down-select candidates based on UL overhead, the ratio UGL and UGRP, of 5%, 2.5%, 1.25% and 0.625% and gain achieved in the RF requirements. 
· 5% Example configuration: UGL: 1ms, UGRP:20ms
· 2.5% Example configuration: UGL: 0.5ms, UGRP:20ms or UGL: 0.125ms, UGRP: 5ms 
· 1.25% Example configuration: UGL: 0.125ms, UGRP:10ms  
· 0.625% Example configuration: UGL: 0.125ms, UGRP:20ms or UGL: 1ms, UGRP: 160ms   
  
On how can UE indicate to the NW UL gap activation/de-activation is needed:   
· UL gap should be explicitly activated by NW via signaling 
· How can UE indicate to the NW UL gap activation is needed?
· If needed, UE explicitly indicates to NW by signaling
· UL gap should be explicitly deactivated by NW via signaling
· How can UE indicate to the NW UL gap deactivation is needed?
If needed, UE explicitly indicates to NW by signaling


Discussion
List of open issues
Some open issues that need to be further clarified and agreed upon when it comes to the Tx power management use case:
1. Provide some more background on why autonomous measurements or parallel proximity measurements can’t be done to reduce P-MPR
a. Is there any possibility to implement Body Proximity Sensors (BPS) in devices that can detect the proximity of bodies in parallel to ordinary operations?
b. Can the 3GPP conformance test rely on a BPS sensor? It is unclear we can define an RF/RRM requirement based on the BPS sensor operation. In addition, the P-MPR is set to 0 dB in the conformance test and thus it is unclear how to measure the gain of such a method. 
2. The operation mechanism of the radar/BPS needs to be clarified. For example, does it need a long transmission over a single gap, or it needs to transmit over multiple short gaps? 
Proposal 1:  Provide information on the operation mechanisms of the radar/BPS, e.g. does it need a long transmission over a single gap, or it needs to transmit over multiple short gaps?
3. In the agreement for configuration/activation of gaps it’s stated that the following two approaches will be considered:
#1: UL gap should be explicitly configured and activated/deactivated directly by RRC signaling
#2: UL gap should be explicitly configured by RRC and activated and deactivated by MAC CE

We think both approaches should be possible since they are not contradicting. Configuration of gaps over RRC is mentioned in both approaches and #1 opens up for the possibility for activation(/deactivation) of the gap at the same time that it is configured. If the gap is NOT activated at configuration over RRC, THEN #2 shall be used by activation over MAC-CE.

Proposal 2: Both approaches for configuration/activation shall be kept, and it would be up to RAN2 to define the details of RRC and MAC-CE signaling.

4. Regarding the UE indication of gap activation there are two options in the WF:
Option 1: UE explicitly indicates to NW by signaling
Option 2: UE implicitly indicate to NW by P-MPR reporting. The exact P-MPR value is FFS.

We prefer option 1 since it is more exact. RAN4 has however not formally agreed on the actual signaling for option 1. Hence, we suggest MAC-CE be agreed since it is fast and aligned with the MAC-CE to be used for activation of the gap.

Proposal 3: For UE indication of gap activation, agree on Option 1 “UE explicitly indicates to NW by signaling”. UE to use MAC-CE as signaling “method” for indication of gap activation.

5. The human exposure requirements (regulatory) for FR1 are based on measured SAR levels in the phantom (or target body). For FR2, it is on MPE which currently is based on incident power density in free space. Any usage of BPS must fulfill regulatory requirements when it comes to human exposure requirements.
Observation 1: The usage of BPS by deployed UEs must fulfill regulatory based exposure requirements.
6. In the WF from RAN4#98e it was agreed that “Only type 1 gap is considered (all UE RF requirements will apply)”.  Companies raised a concern that existing RF requirement should not be broken, for example OFF power. It is our understanding that off power requirement should be applied to the type 1 gap since corresponding time/frequency resources will be assigned to other UEs. For BPS application, it is not obvious how the device can ensure the transmitted power level is below the off power level.  Therefore, Off power should be tested in the gap time window and other related tests also need to be carried out.
Proposal 4: Mandate test coverage for UEs configured with UL calibration gaps for Tx power management, i.e. test OFF power requirement in the gap time window (other tests might also be considered)
7. For the GAP configurations there is a list in the WF on candidate configurations with gap length and periodicity. The aim is to discuss those and possibly down-select further. However in order to make such decisions its crucial to get more background information on the proximity (“radar”) functionality. E.g. number of pulses per gap, number of gaps needed to ensure a valid Proximity Sensing. (See Proposal 1)

P-MPR and MPE requirements
We would like to mention a previously provided paper in R4-1903962 [3] titled “On the P-MPR needed for compliance with MPE requirements and relation to FR2 UL duty cycle”
There we show via simulations on P-MPR in relation to duty-cycle 
The paper states that:
· the 4 x 1 and 8 x 1 array configurations considered would imply a maximum P-MPR less than 3 dB, and hence a minimum duty cycle of 50% for compliance with the EMF limits without power reduction for Power Class 3.
· Altogether, the results presented herein indicate that a minimum 20-25% duty cycle would suffice for EMF compliance without P-MPR while complying with the maximum TRP requirement.
The results provided in the paper was calculated based on typical array size for FR2 in a smart phone form factor to meet the minimum EIRP requirement defined in 38.101-2. Considering the commercial phones usually transmit a few dBs above the minimum requirement, we therefore estimate that with 20% uplink duty cycle, 3-4 dB can be seen as a typical value of P-MPR.  
Observation 2: 3-4 dB can be seen as a typical value of P-MPR (assuming a 20% uplink duty cycle).
On the other hand, it is worth mentioning that 3GPP has no limitation on how much P-MPR a UE can apply, and it is entirely up to UE choice. For example, as we explained above, 3-4 dB may be sufficient for a handheld device to meet MPE limitations, but this device can also implement a more conservative P-MPR (e.g., 6 dB) for the MPE purpose if it would like to. Therefore, if the uplink gap test requirement would be specified as a reduction of P-MPR value, no matter what the number of the reduction would be in the end, UE can always implement, even though this number can be extremally conservative. 
Observation 3: 3GPP has no limitation on how much P-MPR that a UE can apply, and UE can always implement a very conservative value if it needs. 
One more observation is that P-MPR reporting in PHR was introduced in Rel-16 so that gNB can trade-off between the UE UL power and UL duty cycle. However, though we are discussing testing the new feature of UE adaptive P-MPR based on BPS operation, the fundamental feature from Rel-16 where UE shall adaptive P-MPR value according to the changing of UL duty cycle is lack of verification. Considering that support BPS operation requires dedicated hardware, we believe most networks and UEs would still reply on the mechanism of adaptive P-MPR values according to the UL duty cycle. Therefore, RAN4 may also need to consider introducing such a test in the future. 
Observation 4: There is a lack of verification on how UE adoptive its P-MPR value according to the UL duty cycle. 
Proposal 5: RAN4 should considering verify the UE P-MPR behaviour against UL duty cycle. 
Observations and Proposals
Based on the discussion in clause 2 we observe and propose the following: 
Observation 1: The usage of BPS by deployed UEs must fulfill regulatory based exposure requirements.
Observation 2: 3-4 dB can be seen as a typical value of P-MPR (assuming a 20% uplink duty cycle).
Observation 3: 3GPP has no limitation on how much P-MPR that a UE can apply, and UE can always implement a very conservative value if it needs. 
Observation 4: There is a lack of verification on how UE adoptive its P-MPR value according to the UL duty cycle. 
Proposal 1:  Provide information on the operation mechanisms of the radar/BPS, e.g. does it need a long transmission over a single gap, or it needs to transmit over multiple short gaps?
Proposal 2: Both approaches for configuration/activation shall be kept, and it would be up to RAN2 to define the details of RRC and MAC-CE signaling.
Proposal 3: For UE indication of gap activation, agree on Option 1 “UE explicitly indicates to NW by signaling”. UE to use MAC-CE as signaling “method” for indication of gap activation.
Proposal 4: Mandate test coverage for UEs configured with UL calibration gaps for Tx power management, i.e. test OFF power requirement in the gap time window (other tests might also be considered)
Proposal 5: RAN4 should considering verify the UE P-MPR behaviour against UL duty cycle.
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