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Introduction
FR2 RF WI contains 3 part of which one is related to UL gaps:
· 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
· 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 behaviour i.e. if gaps are not available for UE requesting gaps.

In the RF session phase 1 has been discussed for a number of meetings. In last meeting a WF on UL gaps was agreed in [9] in which following was agreed:
· UL gap-based UE power/UL coverage gain with proximity sensing has been shown with respect to R16 amount of P-MPR for UEs without the use of such gaps. However, how to show the gain in the test is FFS
· For PA and transceiver calibration use cases, the metrics for performance gain can be UE TX power increase and DL throughput increase. 
· FFS: additional metrics for consideration can be IBE reduction.
In this paper we analyse UL gaps from system point of view as well as UE and gNB side in terms of impact. Based on the agreement that gain can be achieved, aspects like UE requirements and potential system complexity and impact will be discussed in this paper.

Discussion
There have already been initial discussions related to FR2 RF and the need for UL gaps. Early discussions took place in Rel-15 related to UL gaps due to PA calibrations. At that time the agreement was not to introduce allocated UL gaps but allow the UE autonomous UL gaps with 0,0025% drop in UL. 
There will at least be two options how to handle the UL gaps which would depend on which requirements or needs that are identified to be requested by the UE from the UL gaps (based on the use case where UL gaps are needed). Based on earlier discussions in Rel-15 and Rel-17 we see at least following 2 options for the use of UL gaps:
1) The UL gaps would only be needed on rare occasions, e.g. for PA calibration purpose. 
2) The UL gaps would only be needed on a regular basis, e.g. for proximity detection purpose.
Additional aspects to discuss related to UL gaps would be the understanding of the system impact from having UL gaps allocated:
· Would the UL gaps be allocated per UE and hence not be restricting scheduling of other UEs during an allocated UL gap for one UE?
· Would the UL gaps be allocated per UE restrict scheduling of other UEs such that other UEs cannot be scheduled during an allocated UL gap?
In this paper we look at above listed aspects from RRM point of view.

UL Gaps for PA calibration
UL gaps which are only needed on rare occasions was discussed already during the Rel-15 phase of NR as part of PA calibration gaps. The outcome of the Rel-15 NR specification work was that RAN4 decided not to introduce any PA calibration gaps in Rel-15 [6]. However, before that decision was made some assumptions and agreements were made how these PA calibration gaps could be introduced. 
During the Rel-15 work RAN4 made the following agreements:
· RAN4#89 agreed based on that power calibration gaps are not specified. Gaps for calibration can be scheduled by the UE itself autonomously. 
Before reaching this conclusion RAN4 discussed that UL interruption rate per UE could be 0.0025% assuming one slot (for SCS=60 KHz) per 10 seconds for allowing PA calibration gaps for UEs. The aim was to avoid any impacts in other RAN WG specifications and just allow this relaxation in the UE requirement specifications for the FR2 UEs indicating need for calibration gaps. 
In our view similar or lower gap rate per UE should be considered in these Rel-17 studies at least as starting point since it was considered sufficient for UE PA calibration purposes during the Rel-15 time frame. However, this is still discussed in RF session and there need to be agreement on this issue before RAN4 can make final agreements on the UL gaps.
From system point of view, the amount of UL PA calibration gaps per UE should be minimized to avoid negative system and UL throughput implications. If the amount of UL PA calibration gaps per UE is very infrequent (as in Rel-15) there seems not to be any need for RAN4 to design UL gap patterns for PA calibration.
[bookmark: _Hlk68096667]If UL gaps for PA calibration are very infrequent, there is no need to define configurable UL gaps for this purpose.
However, if RAN4 is considering considerably more frequent calibration gaps (larger overhead) than one slot (for SCS=60 KHz) per 10 seconds, RAN4 should also evaluate e.g. using throughput simulations that performance and requirement gains obtained from UE’s self-calibration exceed significantly the loss (overhead) caused by calibration gaps.
If UL gaps for PA calibration gaps are very frequent there may be a need to define configurable UL gaps for this purpose.
Wait for input from RF session how frequent UL gaps for PA calibration is needed.

UL Gaps for proximity detection
Based on discussion [10] and P-MPR, it could be assumed that UL gaps would also be needed on a more regular manner. Using UL gaps for P-MPR improvement relies on the possibility to detect the distance of the user from the array and apply the P-MPR dynamically depending on such distance.
Relying on a simple on/off proximity sensor (e.g. infra-red sensors), the UE likely need to apply the maximum P-MPR to decrease the maximum peak EIRP to 10 dBm as soon as the sensor is triggered. If the UE is capable of more accurately determine the user distance during e.g. using UL gaps, dynamic P-MPR could be envisioned to improve MPE limitations on UE Tx power.
UL gaps for proximity detection may be used for improving P-MPR.
However, UL gaps only gives overall system gain if the improvement in P-MPR leads to overall measurable improved UE UL performance. Hence, the gain from better UL performance needs to be higher than the loss in UL due to the UL gaps being allocated. Such improvement would need to be testable. This is still under discussion.
In RAN4#98, a range of 0.25% - 5% UL gap overhead was considered for evaluation purpose, where the UL gap overhead is defined as the duration of UL gap over its periodicity.
For FR2 in numerology 3, SCS = 120 kHz and 1 subframe contains 8 slots in 1 ms. Therefore, the UL gap periodicity of 0.25% corresponds to 1 slot every 400 slots, which means 1 slot every 50 ms. Similarly, the UL gap periodicity of 5% corresponds to 1 slots/ 20 slots, which means 1 slots per 2.5 ms. These values are summarized in the table below:
	UL GAP PERIODICITY
	0.25%
	5%

	IN SLOTS
	Every 400 slots 
	Every 20 slots

	IN MS
	Every 50 ms
	Every 2.5 ms



For example, considering a frame structure DDDSU in FR2 numerology 3 (i.e. 120 kHz SCS), there are 4 UL slots in 2.5 ms, which yields a:
· 1.25 % UL throughput loss with a 0.25% UL gap periodicity
· 25 % UL throughput loss with 5% UL gap periodicity.
UL gaps with a periodicity of 5% correspond to 1 slot every 2.5 ms which may have be a significant impact on system level performance.
For such UL GP there seems to be a need to define an explicit UL GP.
Frequent UL gaps for proximity detection would lead to a need for defined UL gaps and likely UL gap pattern to be defined.
However, this need to be seen in perspective with user detection for MPE where FCC averages the UE maximum EIRP over several seconds. If the UL gap is only needed less often the overall loss in UL TP loss will be reduced leading to that there would be no need to define UL gaps.
Based on this it is clear that for the further discussion it is important for RAN4 to have clear view on the detailed requirements related to any defined UL GP. Such requirements could include similar parameters as known from DL MGPs:
· Gap length (MGL)
· Gap repetition period (MGRP)
If RAN4 does not have agreement on such basic requirements it will not be possible to define appropriate UL GPs. Hence, it is important for RAN4 to decide at least on the following two parameters. 
RAN4 need to agree on UL gap length and periodicity in order to define UL GP.
Our understanding is that the detailed discussion related to UL gap length (MGL) and UL gap repetition periodicity (MGRP) is still under discussion in RF session. Part of the outcome of the RF session will be whether defined UL gap for proximity are to be introduced or not.
Agreement on the need for introducing UL gaps for proximity detection is still pending.
Before RF has reached agreements on the requirements related to potential UL gaps it does not seem possible to make detailed agreements related to the UL gap design in RRM. 
RAN4 would first agree on introduction of configurable UL gaps before detailed design is started.
RAN4 RRM can discuss UL gaps for proximity detection.

Conclusion
In this paper we discuss the aspect of UL gaps. We have split the discussion into 2 parts:
· UL gaps for PA calibration
· UL gaps for proximity detection
Based on the discussion we conclude:
UL gaps for PA calibration:
1. If UL gaps for PA calibration are very infrequent, there is no need to define configurable UL gaps for this purpose.
1. If UL gaps for PA calibration gaps are very frequent there may be a need to define configurable UL gaps for this purpose.
1. Wait for input from RF session whether UL gaps for PA calibration is needed or not.

UL gaps for proximity detection:
UL gaps for proximity detection may be used for improving P-MPR.
UL gaps with a periodicity of 5% correspond to 1 slot every 2.5 ms which may have be a significant impact on system level performance.
Frequent UL gaps for proximity detection would lead to a need for defined UL gaps and likely UL gap pattern to be defined.
RAN4 need to agree on UL gap length and periodicity in order to define UL GP.
Agreement on the need for introducing UL gaps for proximity detection is still pending.
RAN4 would first agree on introduction of configurable UL gaps before detailed design is started.
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