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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
[bookmark: _Hlk111214318]In RAN1#116bis meeting, the following agreements were achieved regarding enabling transmission/reception in gaps/restrictions that are caused by RRM measurements [1].
	Agreement
Confirm the working assumption from RAN1 #116 with updates:
· RAN1 aims to develop/identify solution(s) to enable Tx/Rx in gaps/restrictions that are caused by RRM measurements agnostic in RAN1 normative work to types of gaps/restrictions that are caused by RRM measurements.
· It is up to RAN4 to discuss which type of gaps/restrictions caused by RRM measurements can be cancelled/skipped
· Note: UE features related to the developed solution(s) is a separate discussion

Agreement
RAN1 continues to discuss and decide whether or not to introduce new UE assistance information for solution(s) to enable Tx/Rx in gaps/restrictions that are caused by RRM measurements. At least the following UE assistance information is considered for further study:
· FFS: UE assistance information related to measurement occasions:
· FFS: The number of needed measurement gaps/SMTC with restrictions within a time period; 
· FFS: The maximum number or ratio of MGs/SMTC with restrictions that can be skipped within a time period;
· FFS: The number of required SSBs within a time period;
· FFS: The number of consecutive RRM measurements that can be skipped;
· FFS: The maximum interval between two consecutively reserved gap/restriction occasions for RRM measurements;
· FFS: The patterns of gap(s)/restriction(s) where skipping is feasible or acceptable;  
· FFS: UE assistance information related to channel conditions:
· FFS: RSRP is below/above search threshold (s-MeasureConfig);
· FFS: UE assistance information related to traffic:
· FFS: PSI (PDU set importance);
· FFS: UE assistance information related to UE mobility:
· FFS: L3 parameters related to mobility, e.g., static or not
Companies are encouraged to provide additional details (e.g. how often the UE assistance info is provided, timing, applicable scenarios, performance gains, etc) on their preferred scheme.
Note: From specification point of view, there is no mandated gNB behavior in response to any of the UE assistance information. 
RAN1 to make decision, from RAN1 perspective, in RAN1#117 on the support of UE assistance information.

Agreement
For solutions based on triggering/enabling by network signaling to enable Tx/Rx in gaps/restrictions that are caused by RRM measurements consider the following alternatives or combinations for further down-selection:
· Alt. 1: Dynamic indication to enable Tx/Rx in particular gap(s)/restriction(s) that are caused by RRM measurements. 
· FFS: Alt 1-1: Explicit indication by DCI to skip a particular gap(s)/restriction(s); 
· FFS: Alt 1-2: Explicit indication by DCI to indicate a time window where to skip a particular gap(s)/restriction(s);
· FFS: Alt 1-3: Implicit indication by DCI scheduling a transmission/reception overlapping with a gap(s)/restriction(s) to skip the gap(s)/restriction(s);
· FFS: DCI format, DCI content, DCI bit-field size;
· FFS: Whether indication is for one or more occasions;
· FFS: How to consider time offset between the end of received dynamic indication and start of gap(s)/restriction(s) occasion that is going to be skipped.
· Alt. 2: Semi-persistent solution to enable Tx/Rx in gaps/restrictions that are caused by RRM measurements. 
· FFS: Alt 2-1: gNB sends a skipping activation command, UE will skip gaps/restrictions until de-activation command is received.
· FFS: Alt 2-1a: gNB sends an activation command to enable pre-configured gap(s)/restriction(s), UE will skip gap(s)/restriction(s) after de-activation command is received.
· FFS: Alt 2-2: RRM measurement adaptation is applied to all MG configurations/scheduling restrictions due to all SMTC configurations, or is applied to selected MG configuration(s) and/or scheduling restrictions due to selected SMTC configuration(s) and is conducted in a time-window, and time-windows are derived from a semi-persistent configuration activation for their periodicity, offset and duration.
· FFS: Alt 2-3: Activate/de-activate one or more of pre-configured pattern(s) via MAC-CE to indicate occasions where Tx/Rx is prioritized over gap(s)/restriction(s);
· FFS: Details of activation/deactivation MAC-CE command 
· FFS: How to consider time offset between activation/deactivation command and start of gap(s)/restriction(s) occasion that is going to be skipped.
· Alt. 3: Semi-static solution to enable TX/RX in gaps/restrictions that are caused by RRM measurements.
· FFS: Alt 3-1: Configure a pattern(s) via RRC to indicate occasions where to skip gaps/restrictions;
· FFS: Details of pattern
· FFS: Alt 3-2: Gaps/restrictions skipping is applied to all MG configurations/scheduling restrictions due to all SMTC configurations / RRM measurements, or is applied to selected MG configuration(s) and/or scheduling restrictions due to selected SMTC configuration(s) / RRM measurement(s) and is conducted in a time-window, and time-windows are derived from a semi-static configuration for their periodicity, offset and duration.
· FFS: Alt 3-3: Gaps/restrictions that are caused by RRM measurements are skipped if collided with particular semi-statically pre-configured Tx/Rx occasions.
· FFS: Alt. 3-4: Gaps/restrictions that are caused by RRM measurements are skipped based on semi-statically configured priority information for particular semi-statically pre-configured Tx/Rx and/or particular gaps/restrictions.


In this contribution, the above enhancements to enable transmissions/receptions in gaps/restrictions will be discussed in details.
2. Discussion
1. 
2. 
2.1 UE assistance information
In the last RAN1 meeting, four categories of UE assistance information (UAI) were proposed to be further studied, specifically referring to UAI related to measurement occasions, channel conditions, traffic and UE mobility. In our view, for UAI related to channel conditions, currently, a UE can report L1-RSRP/L3-RSRP to the gNB and the threshold for s-MeasureConfig is configured by the gNB, so the gNB can figure out whether RSRP at UE side is below/above the threshold without reporting. For UAI related to traffic and UE mobility, these may require RAN2 study. Thus, RAN1 should focus on UAI related to measurement occasions.
It should be noted that RRM measurements are important for UEs in RRC_CONNECTED mode, and UAI related to measurement occasions is crucial to make this feature work well, due to at least the following reasons:
· XR packets need to be delivered within a specific PDB, at the same time RRM performance is essential as well. Enabling transmission/reception in gaps/restrictions will have significant impact on RRM performance and thus has impacts on mobility performance, due to the longer RRM measurement period compared to XR traffic period in real deployment. According to the WID, enabling Tx/Rx in gaps/restrictions that are caused by RRM measurement should keep RRM performance impact limited. Thus, we should strive for minimum RRM and mobility impact while provide better XR service experience.
· Currently, the gNB may be able to figure out whether a UE needs to perform RRM measurement or not based on some information, such as measurement reports, CSI reports. There is only limited case(s) when the UE may not need to perform RRM measurement, e.g. the UE is stationary or in good channel condition. For most cases, the UE is expected to perform RRC measurement to maintain the connection with the network. In addition, if enabling Tx/Rx in gaps/restrictions that are caused by RRM measurements only applies to the case(s) that UE does not need to perform RRM measurement, this can be realized by not configuring measurement gaps for the UE. For current WI, we should focus on the cases when the UE is configured with RRM measurement gaps and the UE may need some occasions to perform RRM measurement. 
· In the case when a UE needs to perform RRM measurement, RAN4 specification e.g. TS 38.133 only specifies RRM performance requirements and how to perform RRM measurement actually is up to UE’s implementation. As a result, the gNB may configures lots of RRM measurement occasions, but it does not have the knowledge of which gaps/restrictions are actually used by the UE for RRM measurement.
· For example, based on a UE’s implementation, the UE may determine on where to perform RRM measurement within a time window ahead of the time window. Only the UE knows at least how many gap/restriction occasions are actually needed, as well as how to select from available gap/restriction occasions so that the minimum number of gap/restriction occasions is enough to meet the corresponding RRM performance requirement.
· Different UEs may have different optimization on RRM measurement algorithm to meet a certain RRM performance requirement.
· Even for a given UE, gap/restriction occasions that are actually needed for RRM measurement may be different for different UE states, such as low/medium/high mobility, and/or for different UE configurations, e.g. whether DRX is configured or not.
· Without UAI in terms of minimum demand on gap/restriction occasions for RRM measurement, etc., the gNB may need to take conservative decision to reserve more gap/restriction occasions for RRM measurement to guarantee RRM performance, or the UE can’t meet the RRM performance requirement. With the help of UAI related to RRM measurement occasions, the gNB can use gap/restriction occasions to enable Tx/Rx as many as possible if necessary, while RRM performance can be guaranteed. Alternatively, the gNB can trade-off between quality of XR traffic and performance of RRM measurement.
The following Figure 1 shows an example of the collision between XR traffic and MG configuration under the assumption that XR traffic periodicity=16.67ms, jitter range is [-4,+4] ms and average transmission time for each packet (i.e. video frame) is 2ms. It can be observed that 80% gap occasions within 400ms are overlapped with the time window of XR traffic transmission. If more than one gap occasions within 400ms are needed for RRM measurement reported from UE, gNB may need to make a trade-off between XR traffic impact and RRM measurement performance to leave more gap occasions for measurement. More evaluations are given in the following Table 3, where the basic assumptions are given in Table 2.
[image: ]
[bookmark: _Ref166172579]Figure 1. Example for collision between XR traffic delivery and MG occasions
Table 1. Evaluation assumptions
	Basic assumptions

	SSB burst period = 20ms

	Measurement period = 80ms, Measurement GAP = 6ms

	XR traffic period = 16.67ms (60FPS), jitter range [-4, 4]ms, PER = 1%

	98% packet transmission time ≤6ms, 50% packet transmission time ≤2ms (InH, VR 30Mbps, 12UEs/Cell)


[bookmark: _Ref166172612]Table 2. Analysis of affected XR packets and MG occasions due to collision
	Evaluation assumptions
	Affected XR packets if no MG occasions are skipped
	Affected measurement gaps occasions if all occasions overlapped with XR traffic transmission are kipped

	XR packet transmission time = 2ms, without jitter
	8%
	40%

	XR packet transmission time = 6ms, without jitter
	16%
	60%

	XR packet transmission time = 2ms, with jitter
	16%
	80%

	XR packet transmission time = 6ms, with jitter
	20%
	100%



It can be observed that when average XR packet transmission time is 2ms, and considering with jitter for XR traffic, to transmit 16% XR packets (8 packets within 400ms), 80% measurement gap occasions (4 occasions within in 400ms) need to be skipped, which will have significant impact on RRM measurement. The worst case is when the average XR packet transmission time is 6ms, and the jitter range is [-4, +4]ms, to transmit the 20% XR packets, all measurement gap occasions need to be skipped. Therefore, the gNB needs to make good balance between RRM performance and XR service impact. In that case, UAI related to measurement occasions will be very helpful for the gNB to make a proper decision. 
Observation 1: UE assistance information related to measurement occasions is crucial to facilitate the gNB to make proper decision on enabling transmissions/receptions for XR traffic in gaps/restrictions that are caused by RRM measurements.
Regarding what kind of UAI related to measurement occasions that can be provided to the gNB, some of the listed information in the agreement are similar. For further down selection, we think the following can be considered.
· Option 1: Pattern(s) of gap/restriction occasions that can be skipped, e.g. a bitmap can be used for indicating a pattern, with each bit in the bitmap indicating whether the corresponding occasion or corresponding group of occasions can be skipped or not.
· Option 2: The maximum number or ratio of gap/restriction occasions within a time period that can be skipped.
For Option 1, a UE can determine the pattern(s) based on the need of RRM measurement, which may be related to channel state, mobility and UE implementation. Besides, the UE can take the need of XR UL traffic transmission into account as well, when determining the pattern(s). 
For Option 2, the UE only reports a number or ratio to the gNB. Compared to Option 1, it is simpler and friendlier for the gNB to make decision based on the need of XR traffic. 
With any option listed above, a specific demand for gap/restriction occasions for RRM measurements is reported by the UE. When the gNB configures/indicates the UE to perform Tx/Rx in gap/ restriction occasions, such demand should be satisfied. For example, for Option 1, the gNB should enable Tx/Rx only within the gap/restriction occasions that can be skipped based on pattern(s) indicated by the UE. For Option 2, the number or ratio of gap/restriction occasions within a time period that are actually skipped/relaxed should not exceed the maximum number or ratio indicated by the UE. Otherwise, the corresponding RRM performance requirements may not be met at UE side.
Proposal 1: To facilitate gNB indication on enabling transmissions/receptions for XR traffic in gaps/restrictions that are caused by RRM measurements, the following UE assistance information are supported:
· Option 1: Pattern(s) of gap/restriction occasions that can be skipped.
· Option 2: The maximum number or ratio of gap/restriction occasions within a time period that can be skipped.
Regarding how the UAI is reported to the gNB, it can be sent via RRC signaling similar to UE capability reporting, or MAC CE, or L1 signaling, which can be further discussed. In our view, UAI related to measurement occasions is mainly related to gap/restriction configurations, as well as UE implementation algorithm, and may be relative stable, which is not expected to be updated frequently. Therefore, RRC signaling or MAC CE is sufficient. For simplicity, RRC signaling is preferred. Once a UE reports such assistance information to the gNB, the assistance information can be applicable until the UE updates the assistance information e.g. the next reporting of UE assistance information. 
Proposal 2: UE assistance information related to measurement occasions can be transmitted via RRC signalling.
2.2 Solutions to enable transmissions/receptions in gaps/restrictions
For different alternatives to enable transmissions/receptions in gaps/restrictions, in our view, UAI is required for all of these alternatives, otherwise, it is not clear how to guarantee the RRM and mobility performance and how to make comparison and down-selection among these alternatives. 
It should be noted that a UE needs time to make plan on how to perform RRM measurements, e.g., which occasions will be used for RRM measurements so that the RRM performance requirements can be met. Thus, among these alternatives, for Alt. 1, it is not friendly to UE implementation on selecting gap/restriction occasions to perform RRM measurements since the UE cannot have a whole picture on the available gap/restriction occasions that can be used for RRM measurements unless all the indicated gap/restriction occasions to enable Tx/Rx are within the occasions that indicated as skippable by the UE. Besides, DCI miss detection issue needs to be considered for Alt.1. In addition, applicable delay also needs to be considered, since there may be some preparation/cancellation operation(s) based on the dynamic indication. Currently, for RRM measurement state change based on some predefined events, 5ms delay is specified. In our view, for Alt.1, i.e., DCI based solution, if it is supported, the same time delay should be considered since it depends on UE implementation and capability and it is not possible to change UE implementation and enhance UE capability for this feature in the later stage of 5G. However, if the time delay is as large as 5ms, the benefits to support DCI based solutions will vanish, since the gNB can schedule XR transmission within 5ms and there is almost no need to skip a gap/restriction occasion after 5ms. In addition, considering the characteristics of XR traffic, e.g. quasi-periodic arrival, the necessity to support DCI based solution also need to be justified.
For Alt. 2, it seems a trade-off between Alt.1 and Alt.3, but similar to DCI based solution, considering XR traffic is quasi-periodic and with unpredictable jitter, the necessity to support dynamic/semi-persistent indication is not clear.  For Alt 2-1 or Alt 2-1a, considering XR traffic is quasi-periodic, the gNB may need to activate/deactivate a gap/restriction configuration in different periods, it may not be a good way to frequently send activation/deactivation commands. For Alt 2-2 or Alt 2-3, it needs to work jointly with Alt 3 to configure the patterns or time windows. In addition, for Alt.2, the issue of time timeline also needs to be considered, and 5ms after the decoding of MAC CE can be considered.
For Alt. 3, generally, the gNB is aware of traffic data to be delivered over the air interface in both downlink and uplink, and in charge of radio resources by semi-static configuration and dynamic scheduling. Therefore, it is straightforward whether to enable transmissions/receptions in gap/restriction occasions or not is up to gNB configuration. When comparing Alt. 3-1 and Alt.3-2, it is better to adopt pattern rather than time window configuration, since for pattern-based solution, gNB can configure UE to skip non-contiguous gap/restriction occasions and is more flexible. Note that a pattern may correspond to specific type(s) of gaps/scheduling restrictions, and different patterns can be configured for different types of gaps/scheduling restrictions, or apply to all gaps/scheduling restrictions applicable for the enhancements to be determined by RAN4. For Alt 3-3, the occasions configured for Tx/Rx act as a pattern/time window where XR traffic would be prioritized over RRM measurement, and is suitable for XR traffic using CG transmissions/SPS receptions with the benefit of less signaling overhead and less spec impact. For Alt. 3-4, pre-configured priorities for Tx/Rx and/or gaps/restrictions is considered, where the PHY priority of Tx/Rx introduced for URLLC and priority value configuration for multiple concurrent gaps can be used. This alternative can protect the gaps/restrictions with high priority, or only allow transmissions with high priority to cancel gaps/restrictions, which can reduce the impact on RRM and mobility performance while enabling Tx/Rx for XR traffic in gaps/restrictions that are caused by RRM measurements.
The pros and cons for each alternative and our views are summarized in the following Table 3.
[bookmark: _Ref166072705]Table 3. Comparison of different alternatives
	Alternative
	Pros
	Cons

	Alt 1-1
	Faster/more flexible than MAC-CE and RRC signaling.
	Require UE to adjust measurement behavior dynamically.
Not applicable to SPS and CG.
Larger spec impact due to DCI design and timeline.
Possible DCI mis-detection problem.

	Alt 1-2
	Faster/more flexible than MAC-CE and RRC signaling.
Multiple occasions can be skipped once.
	Require UE to adjust measurement behavior dynamically.
Not applicable to SPS and CG.
Larger spec impact due to DCI design and timeline.
Possible DCI mis-detection problem.

	Alt 1-3
	Faster/more flexible than MAC-CE and RRC signaling.
No impact on DCI design.
Less spec impact.
	Require UE to adjust measurement behavior dynamically.
Not applicable to SPS and CG.
Possible DCI mis-detection problem. 
Coupled with cross slot scheduling which may not be the typical scheduling.

	Alt 2-1
	Signaling reliability can be guaranteed.
	Require more RAN2 work for MAC-CE design.
Relatively slow compared to Alt1.
Totally no RRM measurement gaps during activation, resulting in RRM, mobility impact.

	Alt 2-1a
	Signaling reliability can be guaranteed.
	Require more RAN2 work for MAC-CE design.
Relatively slow compared to Alt1.
Totally no RRM measurement gaps during deactivation, resulting in RRM, mobility impact.

	Alt 2-2
	Signaling reliability can be guaranteed.
	Require more RAN2 work for MAC-CE design.
Relatively slow compared to Alt1.
Need to combine with Alt3 to pre-configure time window(s).

	Alt 2-3
	Signaling reliability can be guaranteed.
	Require more RAN2 work for MAC-CE design.
Relatively slow compared to Alt1.
Need to combine with Alt3 to pre-configure pattern(s). 

	Alt 3-1
	Signaling reliability can be guaranteed.
More flexible than Alt 3-2. 
No timeline issue and less spec impact.
Friendly to UE implementation.
	Relatively slow compared to Alt1.

	Alt 3-2
	Signaling reliability can be guaranteed
No timeline issue.
Friendly to UE implementation.
	Relatively slow compared to Alt1.

	Alt 3-3
	Signaling reliability can be guaranteed.
No timeline issue and less spec impact.
Friendly to UE implementation.
	Relatively slow compared to Alt1.
Only applicable for CG, SPS, not suitable for video traffic which usually scheduled by DG.

	Alt 3-4
	Signaling reliability can be guaranteed.
Gap skipping is only for traffic with high priority or gaps/restrictions with high priority is protected.
No timeline issue and less spec impact.
Friendly to UE implementation.
	Relatively slow compared to Alt1.
Only applicable for CG, SPS if priority for Tx/Rx is considered, not suitable for video traffic which is usually scheduled by DG.


In summary, to further down-select from above alternatives, in addition to capacity gain, the following aspects need to be considered as well, including:
· XR traffic characteristics, e.g., periodicity, jitter range, variable packet size…
· RRM performance
· Application scenarios
· UE processing timeline
· UE implementation complexity
· NW configuration flexibility and reliability
· Specification impact
Based on the above analysis, the following proposal is given.
[bookmark: _Ref163053651]Proposal 3: For solutions based on triggering/enabling by network signalling to enable Tx/Rx in gaps/restrictions that are caused by RRM measurements, prioritize the following alternatives with UE assistance information reporting.
· Alt. 3: Semi-static solution to enable Tx/Rx in gaps/restrictions that are caused by RRM measurements.
· Alt 3-1: Configure a pattern(s) via RRC to indicate occasions where to skip gaps/restrictions;
· Alt 3-3: Gaps/restrictions that are caused by RRM measurements are skipped if collided with particular semi-statically pre-configured Tx/Rx occasions.
· Alt. 3-4: Gaps/restrictions that are caused by RRM measurements are skipped based on semi-statically configured priority information for particular semi-statically pre-configured Tx/Rx and/or particular gaps/restrictions.
3. Conclusion
In this contribution, enhancements to enable transmissions/receptions in gaps/restrictions are discussed in details, with the following observations and proposals:
Observation 1: RRM-related UE assistance information is crucial to facilitate gNB to make proper decision on enabling transmissions/receptions for XR traffic in gaps/restrictions that are caused by RRM measurements.
Proposal 1: To facilitate gNB indication on enabling transmissions/receptions for XR traffic in gaps/restrictions that are caused by RRM measurements, the following UE assistance information are supported:
· Option 1: Pattern(s) of gap/restriction occasions that can be skipped.
· Option 2: The maximum number or ratio of gap/restriction occasions within a time period that can be skipped.
Proposal 2: UE assistance information related to measurement occasions can be transmitted via RRC signalling.
Proposal 3: For solutions based on triggering/enabling by network signalling to enable Tx/Rx in gaps/restrictions that are caused by RRM measurements, prioritize the following alternatives with UE assistance information report.
· Alt. 3: Semi-static solution to enable TX/RX in gaps/restrictions that are caused by RRM measurements.
· Alt 3-1: Configure a pattern(s) via RRC to indicate occasions where to skip gaps/restrictions;
· Alt 3-3: Gaps/restrictions that are caused by RRM measurements are skipped if collided with particular semi-statically pre-configured Tx/Rx occasions.
· Alt. 3-4: Gaps/restrictions that are caused by RRM measurements are skipped based on semi-statically configured priority information for particular semi-statically pre-configured Tx/Rx and/or particular gaps/restrictions.
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