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1	Introduction 
FR2 RF enhancement was initially approved as an RAN4 lead WID [1] and recently revised in [2]. One of the objectives is to introduce UL gaps for self-calibration and monitoring. The major use case of it is UE can detect whether 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.
In RAN2#116 meeting, RAN2 has sent an LS in [3] to RAN4 with a list of questions and RAN4 replied in [4] answering RAN2 questions. Meanwhile, RAN4 sent another LS in [5] to RAN2, informing further progress made in RAN4. In this paper, we discussed the possible leftover RAN2 issues on multiple aspects.
2   Discussion
From digesting the two new RAN4 LS(s), some key takeaways are summarized below for reference.
	
	Key takeaways from RAN4 agreements
	Remarks

	1
	No dependency between FR2 UL gap and legacy measurement gap
	No direct impact to RAN2

	2
	Only one common UL gap in FR2 from configuration perspective
	ASN.1 detail

	3
	No impact to FR1 transmission during FR2 UL gap
	No impact to FR1

	4
	Timing reference for FR2 UL gap is based on the SFN/subframe of FR2 serving cell
	Contradicts with RAN2 agreements, needs further discussion.

	5
	It is beneficial of UE to indicate the preferred FR2 UL gap patterns
	RAN2 to discuss introducing new RRC signaling

	6
	UE supporting Rel-17 UL gap shall report PMPR when UL gap is activated
	RAN2 already agreed on this

	7
	The UL gap capability should be defined per band
	RAN2 to capture UE capability

	8
	All the RACH procedure should be prioritized
	RAN2 to discuss how to capture it in MAC spec

	9
	Up to RAN2 if FR2-FR2 NR-DC should be supported from signalling perspective
	RAN2 to discuss whether to support FR2-FR2 NR-DC

	10
	FFS in RAN4: whether UL transmission within the gap won’t be allowed across FR2 bands
	Wait for RAN4 progress

	11
	FFS for other procedures which are to be prioritized over UL gap
	Wait for RAN4 progress


The open points in the table will be touched in the following sections.
2.1 UL gap configuration 
RAN2 has agreed that ugl and ugrp are needed in UL gap configuration. RAN4 also achieved the following agreements on the exact values.
	 
	UGL [ms] 
	UGRP [ms] 

	UL MGP #0 
	1.0 
	20 

	UL MGP #1 
	1.0 
	40 

	UL MGP #2 
	0.5 
	160 

	UL MGP #3
	0.125 when SCS of active UL BWP
=120kHz
0.25 when SCS of active UL BWP
=60kHz
	5


Proposal 1: In TS 38.331, for FR2 UL gap configuration, capture the values of ugl with {0.125ms, 0.25ms, 0.5ms, 1.0ms}, and the values of ugrp with {5ms, 20ms, 40ms, 160ms}.
2.2 UE indication on the preferred UL gap patterns
RAN4 agreed on preferred UL gap patterns reporting, which was also discussed in RAN2 #116 meeting. 
	Q5: In RAN2 discussion, it has been brought up that from signalling 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. 
A5: In general, it is beneficial of UE to indicate the preferred FR2 UL gap patterns, which are not considered as UE capability. The eventual configured UL gap should be determined by the NW. 


In order to support it, we propose to use UAI message to indicate the preferred UL gap patterns. The indication on preferred UL gap patterns and activation/deactivation request can be carried in the same or separate UAI messages. 
Proposal 2: In TS 38.331, capture that UE indicates the preferred FR2 UL gap patterns using UAI message.
2.3 Support on MR-DC scenarios
In last RAN2 meeting, it has been agreed on how to support UL gap in MR-DC scenarios as wrapped up in the table below.
Table 1: Agreed responsible NW entity for FR2 UL gap configuration
	Deployment
	FR2 UL gap
	Timing reference
	Coordination between MN/SN

	(NG) EN-DC
	SN
	FR2 serving cell
	No coordination

	NE-DC
	MN
	FR2 serving cell
	No coordination

	NR-DC without FR2-FR2
	MN
	refServCellIndicator (indicating PCell, PSCell or MCG FR2 serving cell);
refFR2ServCellAsyncCA
	FFS

	NR-DC with FR2-FR2
	MN
	refServCellIndicator (indicating PCell, PSCell or MCG FR2 serving cell);
refFR2ServCellAsyncCA
	MN->SN: FR2 UL gap pattern configured


Issue 1: NR-DC with FR1 MCG + FR2 (+FR1) SCG
First, we would like to discuss the most critical issue that RAN2 agreement contradicts with RAN4 agreement on the SFN timing reference matter in NR-DC deployment. RAN2 agreed to follow legacy FR2 gap design to allow PCell, PSCell or MCG FR2 serving cell as SFN timing reference, while RAN4 agreed that only FR2 serving cell can be the SFN timing reference.
From the historical discussion on timing reference configuration during Rel-15 late drop [6][7], for FR1 MCG + FR2 SCG deployment, the reason why PCell was agreed as FR2 gap timing reference is because in the case of SFN misaligned scenario, MN may not have the knowledge about PSCell SFN, thus it’s not possible for MN to configure SCG FR2 serving cell as timing reference. 
However, we found out a significant issue with using PCell as the SFN timing reference for FR2 UL gap timing determination in FR1 MCG + FR2 SCG, due to the large MRTD (maximum receiving timing difference).
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Fig. 1 – Ambiguity of FR2 slot determination for FR2 UL gap due to large MRTD
From the figure above, with the specific combination of FR1 15KHz SCS and FR2 120kHz SCS, the ambiguity of the FR2 slot number determination for FR2 UL gap could be in the range of 8. Consequently, NW would have no accurate information of the exact UL slots where UE performs BPS sensing thus would not know when to stop scheduling UE.
Observation 1: In async DC deployment, the large MRTD between FR1 PCell and SCG FR2 serving cell leads to huge ambiguity on FR2 slot number determination in FR2 UL gap.
In order to address this, our proposal is to follow RAN4’s conclusion, i.e., only using FR2 serving cell as SFN timing reference. Additionally, in case of FR1 PSCell + FR2 SCell, because MN does not know the addition and release of FR2 SCell(s), it would be simpler to allow SN to configure the FR2 UL gap to UE. Otherwise, RAN2 needs to discuss about more dynamic Xn signaling exchange for FR2 SCell addition and release. And furthermore, MN would be required to know about the SFN timing of SCG FR2 SCell. 
Proposal 3: Revert RAN2 agreement for NR-DC scenario and follow RAN4 conclusion to specify that only FR2 serving cell can be configured as SFN timing reference. 
Proposal 4: SN to configure FR2 UL gap if FR2 bands are only configured in SCG.
With the Proposals 3 and 4 above, naturally for NR DC without FR2-FR2, there would be no need for MN and SN coordination to enable FR2 UL gap. In addition, RAN4 has agreed there is no dependency between FR2 UL gap and legacy measurement gap. That it to say, no special consideration is demanded to support the co-existence of FR2 measurement gap and FR2 UL gap.
	Q1: Is there any dependency between FR2 UL gap and the legacy per UE, FR1, FR2 measurement gap?
A1: There is no dependency between FR2 UL gap and the legacy measurement gap. 


Proposal 5: No need to support MN and SN coordination to enable FR2 UL gap in NR-NR DC without FR2-FR2.
Issue 2: NR-DC with FR2-FR2
RAN4 agreed with the following and leaves the decision on signaling support for FR2-FR2 NR-DC to RAN2. 
	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? 
A2: Per agreement in RAN#94e, MR-DC/NR-DC are part of this WI, where UL gap should apply. However, there is no FR2-FR2 band combination specified for NR-DC in RAN4 and it is up to RAN2 if FR2-FR2 NR-DC should be supported from signalling perspective.


Based on RAN4 agreement that there is only one common FR2 UL gap, if to consider FR2-FR2 NR-DC, it can be only applicable for MN to configure the FR2 UL gap to UE. And, to address the above issue caused by large MRTD, the scenario needs to be limited to sync DC where the FR2 and FR2 MRTD requirement is 8us. For async DC, separate FR2 UL gap may be required for MCG and SCG respectively to address the MRTD problem (FR2-FR2 MRTD in async DC can be up to 125us).
	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? 
A2-1: There is only one common UL gap in FR2 from configuration perspective. It is still under discussion whether UL transmission within the gap won’t be allowed across FR2 bands. 


Our view is there is no strong motivation to support FR2-FR2 NR-DC. But if companies prefer for future proof, we have the following suggestions.
Proposal 6: RAN2 to discuss if FR2-FR2 DC should be supported. If RAN2 agrees to support it, FR2-FR2 NR-DC is limited to sync DC scenario.
Proposal 7: For FR2-FR2 NR-DC, the MN and SN coordination should support SN requests MN for FR2 UL gap configuration.
2.4 MAC impact
RAN4 agreed that all RACH procedures should be prioritized over FR2 UL gap as excerpted below. We suggest to capture the agreement in MAC spec.
	On procedures to be prioritized over UL gap,
It was agreed that all the RACH procedure should be prioritized. FFS for other procedures. 


Proposal 8: In TS 38.321, reflects that RACH procedure is prioritized over FR2 UL gap.
2.5 UE capability
First, RAN4 has agreed that UE supporting UL gap should support MPE mandatorily. 
	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?
A6: It was agreed in RAN4 that UE supporting Rel-17 UL gap shall report PMPR when UL gap is activated. 


Proposal 9: UE supporting FR2 UL gap shall also support R16 MPE reporting.
RAN4 agreed that the FR2 UL gap UE capability is per band. To our knowledge, the main reason behind is UE is not allowed to request for FR2 UL gap for some bands due the the low peak EIRP requirement defined by RAN4.

	On UE capability: 
On UL gap for Tx power management UE capability, it was agreed the UL gap capability should be defined per band. 


It is then desirable to discuss whether UE should report the supported FR2 UL gap patterns for each band. It is also possible for UE to only indicate the support on FR2 UL gap in per band UE capability and then report the supported FR2 UL gap patterns in per UE capability. Our preference is the latter one to save signaling overhead.
Proposal 10: UE indicates the FR2 UL gap support in per band UE capability and indicates the supported UL gap patterns in per UE capability.
We provided CR for TS 38.331 in [8], CR for TS38.300 in [9], CR for TS 38.321 in [10], CR for TS37.340 in [11]. 
We also provided draft CR for UE capability in [12] and [13].
3	Conclusions
Based on the discussion above, we have the following observations and proposals.
Proposal 1: In TS 38.331, for FR2 UL gap configuration, capture the values of ugl with {0.125ms, 0.25ms, 0.5ms, 1.0ms}, and the values of ugrp with {5ms, 20ms, 40ms, 160ms}.
Proposal 2: In TS 38.331, capture that UE indicates the preferred FR2 UL gap patterns using UAI message.
Proposal 3: Revert RAN2 agreement for NR-DC scenario and follow RAN4 conclusion to specify that only FR2 serving cell can be configured as SFN timing reference. 
Proposal 4: SN to configure FR2 UL gap if FR2 bands are only configured in SCG.
Proposal 5: No need to support MN and SN coordination to enable FR2 UL gap in NR-NR DC without FR2-FR2.
Proposal 6: RAN2 to discuss if FR2-FR2 DC should be supported. If RAN2 agrees to support it, FR2-FR2 NR-DC is limited to sync DC scenario.
Proposal 7: For FR2-FR2 NR-DC, the MN and SN coordination should support SN requests MN for FR2 UL gap configuration.
Proposal 8: In TS 38.321, reflects that RACH procedure is prioritized over FR2 UL gap.
Proposal 9: UE supporting FR2 UL gap shall also support R16 MPE reporting.
Proposal 10: UE indicates the FR2 UL gap support in per band UE capability and indicates the supported UL gap patterns in per UE capability.
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