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1	Introduction 
FR2 RF enhancement was approved as an RAN4 lead WID [1] and then revised in [2]. One of the objectives is to introduce UL gaps for self-calibration and monitoring. One major use case of it is UE can detect whether or not human body is close to Tx antennas by doing sensing during UL gaps, and thus avoid unnecessary P-MPR when human targets are not close to the Tx antennas.
	The purpose of this work item is to specify the following FR2 UE features and associated requirements:
<text omitted>
· 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
· UE Tx power management
· Coherent uplink 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 behaviour i.e. if gaps are not available for UE requesting gaps. Discussion on release independence aspects.


During the last RAN4 meeting, an LS [3] was sent to RAN2 regarding UL gap configuration and activation/deactivation. Note that the newly introduced UL gap is only applicable to FR2. In this paper, we discussed the possible RAN2 impact on multiple aspects.
2   Discussion
Topic 1: UL gap configuration and activation/deactivation
RAN4 agreed two mechanisms on this respect:
	The following two UL gap configuration and activation mechanisms are agreed
· #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


Mechanism #1 is similar to the Rel-16 SCell activation/deactivation scheme, where the RRC message configuring the SCell also indicates the status of the SCell as activated or deactivated. Mechanism #2 is like the Rel-15 SCell configuration and activation/deactivation procedure. Two mechanisms can work together since using subsequent MAC CE to activate/deactivate the UL gap is more efficient in terms of latency and overhead. Thus, we would like to have the proposals below to explicitly endorse the two mechanisms agreed by RAN4.
Proposal 1: Introduce UL gap configuration with a flag indicating activated/deactivated status into dedicated RRC signaling.
Proposal 2: Introduce a new MAC CE for UL gap activation and deactivation.
Issue 1 – RRC signaling design
When introducing UL gap for FR2, one immediately emerging question is about its relationship with legacy measurement gap. From our RAN4 contribution in [4], UE supporting UL gap should conditionally also support per FR gap. That is to say, during the time duration of UL gap, there would be no impact to UE operation on FR1 thus no impact to perUE gap as well. Furthermore, we also don't expect any impact on FR2 measurement gap configuration as the UL gap only utilizes UL slots. That is to say, UL gap configuration is fully independent from legacy measurement gap configuration. In addition to that, considering FR2-FR2 NR-DC is not supported, the configured UL gap would be restricted to all FR2 cells inside one CG.
Observation 1: UL gap configuration is independent from legacy measurement gap configuration.
Proposal 3: The activated UL gap applies to all FR2 cells inside the CG with FR2 bands, thus:
· In (NG) EN-DC, UL gap is configured by SN to UE; 
· In NE-DC, UL gap is configured by MN to UE; 
· In NR-DC, either MN or SN can configure UL gap to UE, depending on which CG is configured with FR2. 
Regarding the UL gap configuration, it is natural to take a reference from measurement gap configuration as a starting point. The two terminologies (mgl and mgrp) used in measurement gap are modified to ugl (UL gap length) and ugrp (UL gap repetition periodicity) as used in the RAN4 LS. About the values of ugl and ugrp, RAN4 has achieved a set of candidate gap configurations. The value range for ugl is from 0.125ms to 1ms. The value range for ugrp is from 5ms to 320ms. Various combos of the two parameters lead to a ratio value range between UGL and UGRP among 5%, 2.5%, 1.25% and 0.625%. RAN4 intends to further down-select candidates in upcoming meetings based on UL overhead.
Observation 2: As agreed in RAN4, UL gap pattern comprises ugl and ugrp.
Then, mgta was introduced to make an alignment between measurement gap and SMTC thus it’s obviously not relevant to UL gap. 
As for timing reference indication, basically our understanding is only FR2 serving cell can work as reference cell for UL gap configuration. In details, if synchronous FR2 CA is configured, the SFN and subframe of any FR2 serving can be used in the gap calculation. For asynchronous FR2 CA configuration, the SFN and subframe of a serving cell on FR2 frequency indicated by the refFR2ServCellAsyncCA is used in the gap calculation. That is to say, the field refServCellIndicator, which can refer to either PCell, pSCell or a serving cell on FR2 frequency in MCG, is not needed here. 
Finally, gapOffset is used for network to make a distribution on gap configurations to UE(s) so to achieve a better scheduling performance. Thus we believe it should be kept in UL gap configuration. The table below summarizes our views on the need for the parameters in existing GapConfig to UL gap configuration.
Table 1: Parameters in existing GapConfig
	Parameters
	Required for UL Gap?

	gapOffset
	Yes

	mgl (measurement gap length)
	Yes

	mgta (measurement gap timing advance)
	No

	mgrp (measurement gap repetition)
	Yes

	refServCellIndicator
	No

	refFR2ServCellAsyncCA
	Yes


Proposal 4: UL gap configuration should comprise gapOffset, ugl, ugrp, and refFR2ServCellAsyncCA. RAN2 can wait for RAN4 progress on final decisions regarding the parameter list and the exact values of ugl and ugrp.
Then, for the two gap pattern parameters ugl and ugrp, we would like to discuss if explicit configurations are beneficial. When NR discussed the measurement gap pattern configuration, RAN2 has discussed if the configuration can simply refer to gap pattern ID as LTE did. Eventually it was agreed to introduce explicit configurations on each parameter mainly due to the gap patterns defined by RAN4 can get to a quite large number. When it comes to UL gap, we think it’s likely only a few gap patterns will be introduced. Thus, it’s slightly preferred to follow LTE design, i.e., referring to gap pattern ID, in RRC configuration on UL gap.
Proposal 5: For ugl and ugrp, it’s preferable to refer to UL gap pattern ID instead of explicit configuration.
In addition, we see another aspect to discuss in RAN2. In measurement gap configuration, the value of each relevant parameter can be decided by network according to the reference signal pattern used by neighbor cells and the only factor from UE side is UE capability on measurement gap pattern support. However, UL gap is for UE sensing on proximity of human body, which means the selection on UGL and UGRP would largely depend on UE implementation. Therefore, we believe an assistance information from UE on the preferred UL gap pattern is beneficial. From NW perspective, NW could configure UE with multiple candidate UL gap patterns and flexibly activate one of them when needed.
Proposal 6: RAN2 to discuss introducing a UE assistance information reporting on preferred UL gap patterns.
Proposal 7: To allow NW configure multiple UL gap patterns to UE and later on activate one of them by MAC CE.
Issue 2 – MAC CE design
As for MAC CE design, one important aspect is the MAC CE for activation/deactivation on UL gap should apply to all FR2 cells. It could be achieved either by specifying the principle in the spec, or by relying on NW implementation with indicating all the FR2 serving cell indexes.
Proposal 8: MAC CE design should guarantee that the activation/deactivation on UL gap apply to all FR2 serving cells. 
If the proposal 7 above is agreed, RAN2 should also discuss how to enable using MAC CE to activate/deactivate one UL gap pattern from the multiple configured UL gap patterns.
Topic 2: UE indication on the need of UL gap activation/deactivation
From the RAN4 LS, our interpretation is RAN4 has not concluded with respect to the UE indication on the need of UL gap activation/deactivation. We think there is no harm to have some RAN2 discussions on how to support it from signaling perspective.
	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


One straightforward way on UE indication is using RRC UEAssistanceInformation message. It is a well-defined framework to enable multiple features including IDC, power saving, overheating, etc. It could be easily extended to cover UL gap feature. Alternatively, MAC CE is another potential solution for UL gap activation/deactivation. 
From the agreed RAN4 WF [5], it mentions NW can activate and deactivate the UL gap without the indication from UE. The assumption here is P-MPR reporting can be utilized for UL gap purpose. Thus, we believe RAN2 can wait for RAN4 decision on the need indication of UL gap activation/deactivation from UE.
Proposal 9: Once the indication of need of UL gap activation/deactivation from UE is agreed in RAN4, RAN2 can discuss which one to use between RRC UEAssistanceInformation message or a (new) MAC CE.
Topic 3: MN-SN coordination
In measurement gap configuration, MN and SN coordination is required for perUE gap and perFR gap as summarized in the table below. The main reason is both network nodes can configure UE with measurement on FR1 or FR2 bands thus a coordination is needed.
Table 2: Responsible network entity on measurement gap configuration
	Deployment
	Per UE gap
	FR1 gap
	FR2 gap
	Coordination between MN/SN

	(NG) EN-DC
	MN
	MN
	SN
	Per UE gap:
MN->SN: gapPurpose = perUE, gapPattern
SN->MN: SN configured FR1/FR2 frequency list to measure
Per FR gap:
MN->SN: gap Purpose = perFR1, gap  pattern, MN configured FR2 frequency list to measure
SN->MN: SN configured FR1 frequency list to measure

	NE-DC
	MN
	MN
	MN
	MN->SN: gapPurpose (perUE or perFR1), gap pattern
SN->MN: gap request to MN

	NR-DC
	MN
	MN
	MN
	MN->SN: gapPurpose (perUE or perFR1), gap pattern for perUE, perFR1, perFR2
SN->MN: SN configured FR1/FR2 frequency list to measure


Following the understanding mentioned above in Topic 1 section, it would be straightforward for the network node configuring FR2 bands to provide UL gap to UE. In addition, considering that FR2-FR2 NR-DC is not supported, there would be no need for MN and SN to coordinate on the UL gap configuration.
Proposal 10: There is no need to coordinate UL gap configuration between MN and SN.
Topic 4: UE Capability
RAN4 is still under discussion on the potential gap patterns for UL gap. It’s natural that UE should indicate a new UE capability on FR2 UL gap patterns to NW, while detailed design can be discussed once RAN4 has further progress.
Proposal 11: RAN2 to introduce new UE capability on UL gap once further RAN4 progress on details are made.
3	Conclusions
Based on the discussion above, we have the following observations and proposals.
Observation 1: UL gap configuration is independent from legacy measurement gap configuration.
Observation 2: As agreed in RAN4, UL gap pattern comprises ugl and ugrp.
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