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[bookmark: _Ref165266342]Introduction
Regarding per-RF gap capability, the following conclusions are achieved during RAN#97e [1]: 
		conclusions:
	Per FR Gaps:
	- Conclusion F1: The following Root Cause / Justification is applicable:
	  a) the possibility to do gapless measurements is valuable, which is possible by using per-FR-gaps,
	b) the assumption behind per-FR-gaps that FR1 and FR2 has separate resources in the UE is no longer true, and is the main reason why per-FR gaps need more fine-granular capability, or why other solution like needforgap should be considered.
	- Conclusion F2: RAN2 to be tasked to progress this issue (also taking into account comments collected at TSG RAN), including solutions
[bookmark: OLE_LINK7]	  - Alt 1.1 (More fine grained capability for Per-FR-Gaps, 1 bit per BC),
	  - Alt 1.3 (more fine grained capability for Per-FR-Gaps - limited by number of carriers), and
	  - Alt 2 (Use similar framework/procedure as for ”NeedForGap”).
	- Conclusion F3: RAN2 to consider Alt. 1.1, 1.3 and 2, and discuss the signaling overhead and network processing requirements/complexity. RAN2 is tasked to provide results after one Quarter, and leave final decision(s) to TSG RAN.


According to the conclusions above, RAN2 should determine the solution of per-RF gap capability report and indicates the final decision(s) to TSG-RAN. In this contribution, our analyses and proposals on this issue will be provided. 
Discussion
Introduction
According to the existing TS 38.306 [2], independentGapConfig is defined to indicate whether the UE supports two independent measurement gap configurations for FR1 and FR2, this field also indicates whether the UE supports the FR2 inter-RAT measurement without gaps when (NG)EN-DC is not configured. This per-FR gap feature is defined per UE, which means that if a UE supports two independent measurement gap configurations for FR1 and FR2, the UE support this feature on all CC combinations. 
Whether UE support such per-RF gap capability depends on whether RF links of FR1 and FR2 are independent. That is if UE support such per-RF gap capability, the dedicated resource is used for FR1 and FR2 measurement respectively. But increasingly higher order of CC combinations is supported by UE. In the case of higher-order CC combinations, the UE may not have enough baseband resources to support two independent measurement gaps for FR1 and FR2 on all CC combinations. In other words, the UE may support per-RF gap capability on some CC combinations, while it may not support such capability on other CC combinations. So the existing per-UE capability indication is not appropriate and a new solution is needed to indicate whether the UE supports two independent measurement gap configurations for FR1 and FR2.
During RAN#97e, three candidate solutions were raised:
	  - Alt 1.1 (More fine grained capability for Per-FR-Gaps, 1 bit per BC),
	  - Alt 1.3 (more fine grained capability for Per-FR-Gaps - limited by number of carriers), and
	  - Alt 2 (Use similar framework/procedure as for “NeedForGap”).
For Alt 1.1, in the case of high-order CC combinations, signaling overhead will be very high. For Alt 1.3, the number of carriers does not fully reflect the occupancy of baseband resources, which also be related to the bandwidth of the carrier. So Alt 1.3 may not reflect the per-RF gap capability correctly. For Alt 2, the UE can indicate whether it supports per-RF gap capability on its working/configured band. This approach is flexible and has low signaling overhead, thus we propose that RAN2 consider Alt 2 to indicate UE’s per-RF gap capability.
Proposal 1: Use similar framework/procedure as for “NeedForGap” to indicate per-RF gap capability.
“NeedForGap”-like procedure for per-RF gap capability report
2.2.1 Background of “NeedForGap”
According to the existing RRC Spec [3], the NW can configure UE via RRCReconfiguration message to report measurement gap requirement information of NR target bands. If the RRCReconfiguration message includes the target NR bands that the UE is requested to report the measurement gap or needForGapNCSG-InfoNR information is changed compared to last time the UE reported this information, UE shall report the measurement gap requirement information of the UE for NR target band via RRCReconfigurationComplete message. Similarly, the measurement gap requirement information of the UE for NR target band report process can be implemented through the RRC connection resume procedure. Taking the RRC connection reconfiguration procedure as an example, the relevant procedure from TS 38.331 is extracted as below:
	[bookmark: _Toc100929558][bookmark: _Toc60776760]5.3.5.3	Reception of an RRCReconfiguration by the UE
The UE shall perform the following actions upon reception of the RRCReconfiguration, or upon execution of the conditional reconfiguration (CHO, CPA or CPC):
<Omit>
1>	if the RRCReconfiguration message includes the needForGapNCSG-ConfigNR:
2>	if needForGapNCSG-ConfigNR is set to setup:
3>	consider itself to be configured to provide the measurement gap and NCSG requirement information of NR target bands;
2>	else:
3>	consider itself not to be configured to provide the measurement gap and NCSG requirement information of NR target bands;
1>	if the RRCReconfiguration message includes the needForGapNCSG-ConfigEUTRA:
2>	if needForGapNCSG-ConfigEUTRA is set to setup:
3>	consider itself to be configured to provide the measurement gap and NCSG requirement information of E‑UTRA target bands;
2>	else:
3>	consider itself not to be configured to provide the measurement gap and NCSG requirement information of E‑UTRA target bands;
<Omit>
3>	if the UE is configured to provide the measurement gap and NCSG requirement information of NR target bands:
4>	if the RRCReconfiguration message includes the needForGapNCSG-ConfigNR; or
[bookmark: _Hlk115211282]4>	if the needForGapNCSG-InfoNR information is changed compared to last time the UE reported this information:
5>	include the NeedForGapNCSG-InfoNR and set the contents as follows:
6>	include intraFreq-needForNCSG and set the gap and NCSG requirement information of intra-frequency measurement for each NR serving cell;
6>	if requestedTargetBandFilterNCSG-NR is configured:
7>	for each supported NR band included in requestedTargetBandFilterNCSG-NR, include an entry in interFreq-needForNCSG and set the NCSG requirement information for that band;
6>	else:
7>	include an entry for each supported NR band in interFreq-needForNCSG and set the corresponding NCSG requirement information;
3>	if the UE is configured to provide the measurement gap and NCSG requirement information of E‑UTRA target bands:
4>	if the RRCReconfiguration message includes the needForGapNCSG-ConfigEUTRA; or
4>	if the needForGapNCSG-InfoEUTRA information is changed compared to last time the UE reported this information:
5>	include the NeedForGapNCSG-InfoEUTRA and set the contents as follows:
6>	if requestedTargetBandFilterNCSG-EUTRA is configured, for each supported E-UTRA band included in requestedTargetBandFilterNCSG-EUTRA, include an entry in needForNCSG-EUTRA and set the NCSG requirement information for that band; otherwise, include an entry for each supported E-UTRA band in needForNCSG-EUTRA and set the corresponding NCSG requirement information;


2.2.2 Procedure for per-RF capability report
Similar to the mechanism of “NeedForGap”, we think that the request-response mechanism can also be used for per-RF gap capability reporting, i.e., the network configures UE to report the per-RF gap capability on its working/configured CC combination, this configuration can be included in the RRCReconfiguration message and RRCResume message, and then UE provides its per-RF gap capability in the RRCReconfigurationComplete message and RRCResumeComplete message. Furthermore, to further save signaling overhead, if the per-RF gap capability indication is not changed compared to last time the UE reported this information, this indication may not be reported, the network assumes that UE’s per-RF gap capability is same as the last report information by UE.
Proposal 2: The network configures UE to report the per-RF gap capability in the RRCReconfiguration message and RRCResume message. 
Proposal 3: If the network configures and if the per-RF gap capability indication is changed compared to last time the UE reported this information, UE reports per-RF gap capability indication.
According to TS 38.306 [2], independentGapConfigPRS is defined to indicate whether the UE supports two independent measurement gap configurations for FR1 and FR2 for PRS measurement. In our understanding, in order to report per-RF gap capability for PRS in the case of higher-order CC combinations, similar mechanism of “NeedForGap” can also be adopted.
Proposal 4: The network configures UE to report the per-RF gap capability for PRS in the RRCReconfiguration message and RRCResume message. 
Proposal 5: if the network configures, if the per-RF gap capability indication for PRS is changed compared to last time the UE reported this information, UE reports per-RF gap capability indication for PRS.
In our understanding, this new per-RF gap capability report feature should be supported from release 17.
Proposal 6: The new feature for per-RF gap capability report should be supported from Rel-17.
Furthermore, to support the new feature of per-RF gap capability report, the corresponding capability should be defined, i.e. UE should indicate whether UE supports reporting the per-RF gap capability in the UE response to a network configuration RRC message. Moreover, if UE supports independentGapConfig, UE doesn’t need to report this capability. Similarly, the corresponding capability for new feature of per-RF gap capability report for PRS should also be introduced.
Proposal 7: A new capability should be introduced to indicate whether UE supports reporting the per-RF gap capability response to a network configuration RRC message. if UE supports independentGapConfig, UE doesn’t need to report this capability.
Proposal 8: A new capability should be introduced to indicate whether UE supports reporting the per-RF gap capability for PRS response to a network configuration RRC message. if UE supports independentGapConfigPRS-r17, UE doesn’t need to report this capability.
[bookmark: OLE_LINK4]To reflect the impact on TS 38.331 and TS 38.306, CRs are presented in R2-2209912 [4] and R2-2209913 [5]. 
Proposal 9: If P1-P9 are agreed, RAN2 to adopt the corresponding CR in R2-2209912 and R2-2209913. 
Conclusions
[bookmark: _Toc502437832]Based on the analyses given above, we have the following proposals:
Proposal 1: Use similar framework/procedure as for “NeedForGap” to indicate per-RF gap capability.
Proposal 2: The network configures UE to report the per-RF gap capability in the RRCReconfiguration message and RRCResume message. 
Proposal 3: If the network configures and if the per-RF gap capability indication is changed compared to last time the UE reported this information, UE reports per-RF gap capability indication.
Proposal 4: The network configures UE to report the per-RF gap capability for PRS in the RRCReconfiguration message and RRCResume message. 
Proposal 5: if the network configures, if the per-RF gap capability indication for PRS is changed compared to last time the UE reported this information, UE reports per-RF gap capability indication for PRS.
Proposal 6: The new feature for per-RF gap capability report should be supported from Rel-17.
Proposal 7: A new capability should be introduced to indicate whether UE supports reporting the per-RF gap capability response to a network configuration RRC message. if UE supports independentGapConfig, UE doesn’t need to report this capability.
Proposal 8: A new capability should be introduced to indicate whether UE supports reporting the per-RF gap capability for PRS response to a network configuration RRC message. if UE supports independentGapConfigPRS-r17, UE doesn’t need to report this capability.
Proposal 9: If P1-P9 are agreed, RAN2 to adopt the corresponding CR in R2-2209912 and R2-2209913. 
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