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1. Introduction
In the last meeting, the requirement of gap for Tx power and PMPR reporting issue was discussed and the incoming LS [1] from RAN2 is received in this meeting. In this contribution, we provide our analysis on the remaining issue of UL gap.
2. Discussion
In RAN#94e, the applicability for UL gap was discussed and following note was added to WID:
Note: The work of FR2 UL gaps includes (NG) EN-DC, NE-DC, NR-DC and SA. FR2 UL gap operation shall have no impacts to eNB operation or LTE RRC.
In [1], RAN2 ask more details about the MR-DC/NR-DC case:

[bookmark: _Hlk92732119]Q1: Is there any dependency between FR2 UL gap and the legacy per UE, FR1, FR2 measurement gap?

[bookmark: OLE_LINK1]According to discussion provided in [3], the corresponding answer is provided. Moreover, if UL gap is not actually used by UE due to collisions, UE is not required to meet the minimum Delta EIRP gain requirements as specified in R17 RF specs.

Q2: Are MR-DC/NR-DC deployment scenarios included in this WI (NR_RF_FR2_req_enh2)? If NR-DC is supported, should the FR2-FR2 band combination be considered in the FR2 UL gap design?

In our understanding, the FR2-FR2 band combination has not been introduced, so this part of work is not urgent. Considering the workload and limited time, we recommend deprioritizing related work and consider further enhancements in future release.

Q2-1: When FR2 UL gap is activated, does it apply to all the FR2 serving cell(s) inside or across the NR CG configured with FR2 bands? 

The gap for Tx power management is used by proximity sensor to get more accurate distance between UE and human body. The detection results of sensor can be used for all FR2 band. So, the UL gap is a per-FR gap and can be applied to all the serving cells within the FR2 CG.

Q2-2: Does UL gap pattern also apply to the case when both FR1 and FR2 are configured inside or across the NR CG, and whether or not the UL transmissions in FR1 serving cell(s) are impacted by the FR2 UL gap?

This question has discussed in the last meeting and the agreement is “No interruption across FR. FR2 UL gap does not cause FR1 interruption.” 

Another question in [1] is related to the benefit of UE reporting preferred gap. As we mentioned above, the gap is used by proximity sensor and the capability of sensor is various, which lead to different required gap pattern for different UE. UE can report the most suitable gap pattern based on its own implementation.
In [2], the requirement formula of gap for Tx power management was agreed, but the issue about PMPR report is still unclear:


Agreement: 
· UE will report P-MPRgapon when UL gap is activated 
· At most UE should report 0~3dB P-MPR in the PHR
· UE supports UL gap shall also support R16 MPE reporting at least when UL gap is activated.   
· It is FFS about P-MPRgapoff reporting when UL gap is not activated and the related delta P-MPR, i.e. (P-MPRgapoff -P-MPRgapon).
We notice that potential ambiguity may occur if a UE support both capability of R16 PMPR report and gap for Tx power management and this issue is also asked in [1]. In TS38.321, we can find the trigger condition of P-MPR reporting.

-	if mpe-Reporting-FR2 is configured, and mpe-ProhibitTimer is not running:
-	the measured P-MPR applied to meet FR2 MPE requirements as specified in TS 38.101-2 [15] is equal to or larger than mpe-Threshold for at least one activated FR2 Serving Cell since the last transmission of a PHR in this MAC entity; or
-	the measured P-MPR applied to meet FR2 MPE requirements as specified in TS 38.101-2 [15] has changed more than phr-Tx-PowerFactorChange dB for at least one activated FR2 Serving Cell since the last transmission of a PHR due to the measured P-MPR applied to meet MPE requirements being equal to or larger than mpe-Threshold in this MAC entity.
	in which case the PHR is referred below to as 'MPE P-MPR report'.
Based on R16 spec, the R16 P-MPR reporting will not distinguish whether the gap is activated or not. Therefore, our understanding to last meeting agreements is that, if the UE supports the Tx power management gap capability, but does not support P-MPR reporting capability, UE needs to report P-MPR only if the UL gaps are activated. In other word, the triggering condition for P-MPR reporting is different from R16. Therefore, we prefer to treat the UL gap as a new capability and only when gap is activated UE reuses the mechanism of R16 MPE reporting.
However, if UE supports both R16 P-MPR reporting and R17 UL gaps, the triggering condition for P-MPR reporting is still unclear. We suggest further discussion on clarifying this issue in RAN4.

Observation 1: According to agreements in last meeting, if UE supports UL gaps, the triggering condition of P-MPR reporting is different from R16 P-MPR reporting mechanism.

Proposal 1: The UL gap is a new capability which is independent from the R16 MPE reporting, and only reuses some of the R16 MPE reporting mechanism when gap is activated.

Observation 2: It is unclear from previous RAN4 agreements what is the expected UE behavior if it supports both R16 P-MPRreporting and R17 UL gaps.

Another remaining issue here is the whether the delta PMPR, i.e., P-MPRgapoff -P-MPRgapon, is needed. As description in TS 38.321 above, the P-MPR reporting can be trigger by delta P-MPR larger than the phr-Tx-PowerFactorChange, which can be 1 dB, 3dB, 6dB, etc. It means the information of delta P-MPR has already implicit in the trigger condition and further indication is not needed. In addition, the delta P-MPR is also overlapped with delta min peak EIRP requirement which we have agreed.

Proposal 2: The delta P-MPR reporting is not needed for the UE support Tx power management gap.

Based on the analysis above, and the answers to Q1 and Q3 provided in [3], the reply LS to RAN2 is prepared in the Annex of this contribution.
3. Conclusion
Observation 1: According to agreements in last meeting, if UE supports UL gaps, the triggering condition of P-MPR reporting is different from R16 P-MPR reporting mechanism.

Proposal 1: The UL gap is a new capability which is independent from the R16 MPE reporting, and only reuses some of the R16 MPE reporting mechanism when gap is activated.

Observation 2: It is unclear from previous RAN4 agreements what is the expected UE behavior if it supports both R16 P-MPR reporting and R17 UL gaps.

Proposal 2: The delta P-MPR reporting is not needed for the UE support Tx power management gap.
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1	Overall description
RAN4 would like to thank RAN2 for the LS on FR2 UL gap and for the follow-up questions. RAN4 has further discussed the issue and can provide the following response for UEs that supports UL gap:
Q1: Is there any dependency between FR2 UL gap and the legacy per UE, FR1, FR2 measurement gap?
Q1-answer: From network configuration perspective, RAN4 sees no dependency between UL gaps and measurement gaps. If interrupted slots due to measurement gaps collide with UL gaps, RRM requirements are not impacted, and relaxed RF requirements can be applied, i.e. UE is not required to meet the minimum Delta EIRP gain requirements as specified in R17 RF specs.
From UE capability perspective, UE supporting UL gaps should at least support per-FR measurement gaps.
Q2: Are MR-DC/NR-DC deployment scenarios included in this WI (NR_RF_FR2_req_enh2)? If NR-DC is supported, should the FR2-FR2 band combination be considered in the FR2 UL gap design? 
Q2-answer: The applicability of UL gap for MR-DC/NR-DC has been confirm in RAN#94e, but considering there is still no FR2-FR2 band combination for NR-DC, RAN4 kindly suggests deprioritizing related work in R17. 
Q2-1: When FR2 UL gap is activated, does it apply to all the FR2 serving cell(s) inside or across the NR CG configured with FR2 bands? 
Q2-1-answer: The UL gap for Tx power management is used by proximity sensor and the detection results of sensor can be used for all FR2 band. So, the UL gap is a per-FR gap and can be applied to all the serving cells within the FR2 CG. 
Q2-2: Does UL gap pattern also apply to the case when both FR1 and FR2 are configured inside or across the NR CG, and whether or not the UL transmissions in FR1 serving cell(s) are impacted by the FR2 UL gap? 
Q2-2-answer: FR2 UL gap does not cause FR1 interruption.
Q3: For FR2 UL gap timing reference configuration, whether the SFN/subframe of a FR2 serving cell or a FR1 serving cell (e.g., PCell, PSCell) can be used as timing reference for FR2 UL gap? 
Q3-answer: UL gap is always configured in static UL slot, and does not cause FR1 interruption. If synchronized FR1+FR2 inter-band CA is assumed, it is feasible to use the FR1 serving cell as timing reference for FR2 UL gap. If asynchronized FR1+FR2 inter-band CA is assumed, it is not feasible to use FR1 serving cell as timing reference for FR2 UL gap, and legacy mechanisms for timing reference configuration for FR2 measurement gaps can be re-used.
Q4: Regarding the FR2 UL gap parameters ugl and ugrp, RAN4 is requested to provide the detailed values and time unit.
Q4-answer: There are 4 gap configurations are introduced and the details are described in following table: 
	 
	UGL [ms] 
	UGRP [ms] 
	UGL/UGRP 

	ULGP #0 
	1.0 
	20 
	5% 

	ULGP #1 
	1.0 
	40 
	2.5% 

	ULGP #2 
	0.5 
	160 
	~0.31% 

	ULGP #3
	0.125
	5
	2.5%


The information is also provided in LS R4-2120058.
Q5: In RAN2 discussion, it has been brought up that from signaling point of view it is possible that UE provides its preferred FR2 UL gap patterns. Please RAN4 indicates whether it is beneficial for proper network configurations. 
Q5-answer: The UL gap pattern is closely related to capability of proximity sensor which is quite various. UE reporting the preferred gap pattern based its own implementation can ensure the performance of sensor and avoid waste of NW resource. 
Q6: Regarding UE capability, most companies in RAN2 thought that UE supporting Rel-17 FR2 UL gap shall also support Rel-16 MPE reporting. RAN2 would like to understand if this is also the RAN4 understanding?

Q6-answer: RAN4 prefer treating the UL gap as a new capability which is independent from R16 MPE reporting, and only reuse the R16 MPE reporting mechanism when gap is activated. If UE only supports the UL gap capability, UE needs not to trigger the R16 MPE reporting when gaps is not activated. RAN4 will further discuss whether UE can report both capabilities and what is the expected UE behavior accordingly.

2	Actions
To RAN2:
RAN4 would like to ask RAN2 to take the above responses into account.

3	Dates of next TSG-RAN WG4 meetings
TSG-RAN WG4 Meeting #102-e     21 February-03 March, 2022    		     E-meeting
TSG-RAN WG4 Meeting #103-e     16-27 May, 2022    		     		 E-meeting
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