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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.
This update of the WID was following the agreement from RAN4 in the WF found in [2].
WF on gaps at RAN4#99-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
· Agreements:
It is feasible to enable non-zero P-MPR in Tx power management and BPS related UL gap testing.
zero P-MPR assumption for the existing test cases keeps unchanged 
· On the test setups for UL gap based Tx power management.  
Option 1: Based on P-MPR report with/without blocking
Option 2: Based on peak EIRP measurement with/without blocking
Option 3: other method like jamming 
· On mandating P-MPR reporting for the UE who is configured with UL gap for BPS based Tx power management. 
Option 1: Yes (Qualcomm, Nokia, Sony, Verizon, Apple, Samsung, Intel)
Option 2: No. It is optional (OPPO, Huawei, Hisilicon)
Option 3: depending on the conclusion of test case setup (Ericsson, vivo, AT&T)
· On phantom or blocking be introduced in UL gap testing. 
Possible agreement: 
· Continue discussion the test setup and requirement with and without phantom or blocking until RAN4 101e. 
· Discuss phantom simplification, e.g., size, material and position
· On the RF requirement for the UE who is configured with UL gap for BPS based Tx power management
Exact RF requirement will be based on test set up.  
Way forward – Tx power management: RRM aspect
· Agreements: The baseline assumption for UL gap related configurations:
· UL gap is configured by NW via RRC signaling. Once UL gap is configured, it can be additionally activated or deactivated.
· It is up to network decision on whether to configure UL gap or not.
· It is FFS that the configured UL gap(s) can be activated/deactivated via MAC CE and/or DCI
· Gap configuration candidates:
· Candidates for gap periodicity: 5ms, 10ms, 20ms, 40ms, 80ms, 160ms, 320ms 
· Candidates for gap duration: 62.5us, 125us, 250us, 500us, 1000us, 
· Implicit activation to minimizing signaling, e.g., depending on PHR report.


In addition to the WFs from the last two meetings the following was captured in the RAN4 meeting report from RAN4#98-bis“Chair: RAN4 will not define any requirements until the corresponding testing methodology for the performance enhancement is clear.”
Observation 1: RAN4 shall follow the directive from the meeting report from RAN4#98-bis “RAN4 will not define any requirements until the corresponding testing methodology for the performance enhancement is clear”
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 proximity of bodies in parallel to ordinary operation?
b. Can 3GPP conformance test rely on a BPS sensor? It is unclear we can define a RF/RRM requirement based on the BPS sensor operation. In addition, the P-MPR is set to 0 dB in conformance test and thus it is unclear how to measure the gain of such a method. 
2. A set of different values for periodicity of gaps needs to be settled, from the WF at RAN4#99e listed the following candidates:
a. 5ms, 10ms, 20ms, 40ms, 80ms, 160ms, 320ms
3. A set of different values for gap length needs to be settled, from the WF at RAN4#99e listed the following candidates:
a. 62.5us, 125us, 250us, 500us, 1000us
4. There are some concerns regarding the configuration of gaps:
a. Will they be configured Periodically, A-preiodically or semi-persistent?
b. If gaps are configured A-preiodically or semi-persistent, how will that affect activation/deactivation of the gaps?
c. Will the UE have the possibility to request/wish to the NW of activation of the configured gap or will it be solely up to NW to decide?
d. Is the UE only to be configured with one value(duration+period) or are multiple values possible?
Proposal 1: Finalize the details regarding different gap configurations and their possible impact on activation, e.g. periodical/aperiodical/semi-persistant configuration.
5. It was agreed that the UL gap is configured by the NW via RRC signaling for UE that indicate support of UL calibration gap as a capability. And once a UL gap is configured the gap shall be activated either via MAC CE or DCI. In our view activation via MAC CE is appropriate in this case, spending bit(s) on DCI level for various DCI formats seems unnecessary for a feature/function that might not be implemented by a majority of UEs in live networks.
Proposal 2: Activation of the configured gaps shall be done by means of MAC CE.
6. Given 2) and 3) what is the expected end user gain in forms of throughput and coverage
a. [bookmark: _Hlk71627279]So far only one company have provided input and claiming a certain gain based resulting in a suggested test with a conservative “default/baseline” P-MPR of 6dB. We encourage other UE vendors to provide input on the P-MPR.
Proposal 3: UE vendors are encouraged to provide input of “Default/baseline” P-MPR that can be expected in regular operation in field.
7. Note that the scheduling possibility/impact will be affected also outside the time window of the gaps indicated in bullet 2 and 3. 
8. 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)
9. In the WF it is discussed of P-MPR reporting in PHR shall be mandated for UE’s supporting UL gaps for BPS. Before any decision is taken RAN4 needs to ensure that the frequency of PHR/P-MPR reports are sufficient also depending on the different periodicities/gap lengths that are discussed in bullet 2&3.
Proposal 5: Investigate if the periodicity of PHR/P-MPR reports are sufficient to provide valid feedback for BPS calibration gaps.
10. On test initiation, phantom or blocking method. It is unclear if test methods including “phantom” and/or “blocking” are methods that falls within 3GPP/RAN4 expertise and if those methods are exact enough to ensure similar test results without introducing axtra relaxations in form of test uncertainties.
In our understanding there is a lack of standard description in 3GPP for body phantom. CTIA is working on dual hand mode in FR2but it is not clear if that work can be a feasible solution for BPS test purposes.
The body phantom will inevitably affect OTA performance (e.g. EIRP spherical coverage) of the device regardless of there is a configured and activated gap or not. Therefore, it may hard to compare the performance with and without the gap to justify if it is really the gap helps to improve the RF performance. For example, if we only test this feature the beam peak direction, then it is very likely the beam peak is different with and without the phantom.
Proposal 6: Investigate further the need for 3GPP to standardize body phantom and the impact of a body phantom on OTA performance


P-MPR and MPE requirements
In relation to bullet 5 above we would like to mention a previously provided paper in R4-1903962 [4] 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).
Observations and Proposals
Based on the summary in clause 2 we observe and propose the following: 
Observation 1: RAN4 shall follow the directive from the meeting report “RAN4 will not define any requirements until the corresponding testing methodology for the performance enhancement is clear”
Observation 2: 3-4 dB can be seen as a typical value of P-MPR (assuming a 20% uplink duty cycle).
Proposal 1: Finalize the details regarding different gap configurations and their possible impact on activation, e.g. periodical/aperiodical/semi-persistant configuration.
Proposal 2: Activation of the configured gaps shall be done by means of MAC CE.
Proposal 3: UE vendors are encouraged to provide input of “Default/baseline” P-MPR that can be expected in regular operation in field.
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: Investigate if the periodicity of PHR/P-MPR reports are sufficient to provide valid feedback for BPS calibration gaps.
Proposal 6: Investigate further the need for 3GPP to standardize body phantom and the impact of a body phantom on OTA performance
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