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1. [bookmark: _Ref513464071]Introduction
The Rel-19 New WID on XR Enhancements for NR has the following objective [1]:
	· Specify enhancements to enable transmission/reception in gaps/restrictions that are caused by RRM measurements (from inter-frequency RRM measurement gaps, or intra-frequency measurements, or other scheduling restrictions etc). [RAN1, RAN2, RAN4] 
· Specify the corresponding measurement gap and scheduling restriction to enable the identified enhancements with RRM performance impact taken into consideration, work being triggered by LS. [RAN4]


The agreements made in RAN1#116bis [2] are provided in the Appendix. In this contribution, we discuss the enhancements for enabling transmissions/receptions during measurement gaps and scheduling restrictions due to intra/inter-frequency measurements. 
2. Discussion 
In NR, scheduling restrictions apply when performing FR1/FR2 inter-frequency measurements with measurement gap (MG) and FR2 intra-frequency measurements without MG. When configured with MG the UE can perform neighbour cell measurements of SSBs over the SMTC window, e.g., for HO purposes. MGs are needed only when the UE does not have the capability to measure the target carrier frequency while simultaneously transmitting/receiving control and data signals/channels (e.g. PDCCH/PxSCH) on the serving cell. Per RAN4 requirements [3], one data symbol before and after each consecutive SSBs within SMTC are restricted from scheduling. The length and periodicity of the legacy MG patterns range between 1.5ms to 6ms and 20ms to 160ms, respectively. The MG length includes the time for RF tuning (e.g. 0.5 ms for FR1 and 0.25ms for FR2) and measurements of SSBs in a burst within the SMTC window. 
When configured with MG, the UE is not expected to perform any transmissions or receptions of other signals/channels (e.g. UL-SCH, DL-SCH, SR, HARQ-ACK, CSI report, SRS). The UE is also not expected to monitor PDCCH in the monitoring occasions overlapping with MG. As such, the scheduling restrictions can have major impact on data transmissions and capacity, especially when transmitting or receiving XR data with tight delay budgets. Delaying the data transmissions until after the MG duration may result in not meeting the QoS and unnecessary discarding. For example, for an MG occasion with a length of 6ms, the remaining time for scheduling a PDU set with PSDB of 10ms can be only 4ms (e.g., if the PDU set arrives at the start of MG). Although the gNB can configure short MG durations when the UE is expected to be scheduled with XR traffic, it can be challenging to balance the trade-off between having sufficient/accurate measurements and timely data transmissions.
Observation 1: Scheduling restrictions can have major impact on transmission/reception of XR data with tight delay budgets. Delaying the transmissions to after MG results in not meeting QoS and impacts capacity. 
2.1  UE assistance info to enable Tx/Rx in gaps/restrictions
In RAN1#116bis [2], it was agreed that RAN1 continues to discuss and decide whether or not to introduce new UE assistance information (UAI) for solution(s) to enable Tx/Rx in gaps/restrictions. Several types of UAI were identified for further study, including those related to measurement occasions, chanel conditions, traffic and UE mobility.
Regarding UAI related to measurement occasions, companies have identified several parameters such as max ratio of MGs that can be skipped, number of required SSBs, etc. In our view, such information can already be derived by the gNB based on the existing RRM measurements reported by the UE on the configured measurement objects (e.g. FR1/FR2 SSBs). The same can be said of the UAI related to channel conditions (e.g. RSRP is above/below a threshold).   
On UAI related to traffic, in legacy the UE can report different dynamic traffic info, including arrival of data, payload of data in buffer and remaining delay via SR, BSR and DSR. The UE can also provide to gNB additional traffic info such as jitter range, UL burst arrival time and UL data burst periodicity in the UAI. Such traffic info can already assist the gNB to decide on whether to enable Tx/Rx during any of the gap/restriction occasions configured in UE. As such, additional UAI on traffic is not necessary. 
Regarding UAI related to UE mobility (e.g. L3 parameters), it is unclear how any new UAI on mobility can be triggered by the UE and used by the gNB for the purpose of disabling gaps/restrictions. Based on the above, we propose the following.
Proposal 1: RAN1 to deprioritize introducing new UE assistance information to enable Tx/Rx in gaps/restrictions  
2.2  Solutions to enable Tx/Rx in gaps/restrictions 
XR traffic typically consists of periodic data with non-integer periodicities (e.g. 16.6ms, 33.3ms) and with variable payload sizes in each period [4]. When the semi-statically configured MGs are used to handle RRM measurements, there is a high likelihood that the gap occasions may overlap with the data transmission occasions (TOs). In such occasions the data in the buffers may be delayed, resulting in not meeting its QoS. Even when the gaps/restrictions are configured to not overlap with the data TOs, jitter incurred during the XR data arrival can cause misalignment with the MG occasions. Any reconfiguration of the gap parameters (e.g. gap length, periodicity) with RRC signaling as done in legacy can result in additional delays.
Observation 2: Semi-static approaches for reconfiguring gaps/restrictions to not overlap with the data TOs can cause additional delays when addressing issues related to jitter during XR data arrival 
In this regard, it would be beneficial to consider mechanisms that can enable faster changes or adaptations to be made to the MG/restrictions such that Tx/Rx of XR data can be handled within the QoS requirements (e.g. PDB).
In the last RAN1#116bis meeting, an agreement was made to consider several alternative solution groups, each with multiple solution alternatives, to enable Tx/Rx in gaps/restrictions. The alternative solution groups to be considered for further down-selection are the following:
· Alt. 1: Dynamic indication to enable Tx/Rx in particular gap(s)/restriction(s) that are caused by RRM measurements.
· Alt. 2: Semi-persistent solution to enable Tx/Rx in gaps/restrictions that are caused by RRM measurements.
· Alt. 3: Semi-static solution to enable TX/RX in gaps/restrictions that are caused by RRM measurements.
In the following, each of the above alternative solution groups are discussed in detail.
2.2.1  Dynamic indication-based solutions
In Alt.1, the gNB can dynamically send an indication (e.g. in DCI) based on which the UE can perform data Tx/Rx during the gap/restriction. Such dynamic indication-based approach is flexible and enables the NW to control how much of the data Tx/Rx can be allowed/scheduled during RRM measurements. The gNB is already aware of the DL traffic characteristics based on the data arrival and info provided by CN. The existing signalling in UL (e.g. BSR, DSR) provides awareness of the dynamic UL traffic to gNB. Such information allows the gNB to decide on whether/when to trigger the dynamic indication to enable Tx/Rx in gaps/restrictions.  
Observation 3: Dynamic-indication based solutions are flexible to handle dynamic characteristics of XR data and enable the NW to control how much of the Tx/Rx of XR data can be allowed during RRM measurements  
As one of the solutions considered under Alt-1, Alt 1-1 is based on explicit indication by DCI to skip a gap/restriction. In this case, the DCI can be received by the UE before the start of a gaps/restriction occasion to be skipped. For example, to allow sufficient time for processing the skipping indication, the UE can expect the DCI a number of symbols/slots before the application time where the gap occasion is skipped. If the gNB intends the UE to skip multiple gap/restriction occasions, the DCI can include info on the number of occasions to be skipped. This approach can be useful to reduce the signaling overhead and UE monitoring of the DCI before each gap/restriction occasion, and hence preferable.  
In Alt 1-2, the DCI can indicate a time window to skip one or multiple gaps/restrictions. This approach is similar to the case when the explicit DCI can indicate the number of gap/restriction occasions to be skipped in Alt. 1-1. On the other hand, it requires introducing a time window and its associated parameters, e.g. start offset and duration, and overhead for carrying such info in the DCI when signalled.  
In Alt 1-3, the skipping can be implicitly indicated via a scheduling DCI. In this case, the DCI can indicate an grant (e.g. via the ‘k’ value) that might overlap with any of the preconfigured gap/restriction occasions. When such overlapping of the resource is detected the UE can assume the gap/restriction occasion is skipped. A key benefit of implicit skipping indication is reuse of the existing scheduling DCI formats (e.g. formats 0_1, 1_0) and procedures. However, the implicit DCI indication is to be received by UE early enough to enable processing and avoid RF tuning, which in-turn, may reduce certain flexibility at NW when allocating the resources for Tx/Rx. For example, if any DL data arrives later at the gNB (e.g. due to jitter), it may not leave enough time at gNB to send the implicit DCI sufficiently early to substitute the gap with a DL resource. Nevertheless, given the benefits of lower spec impact and effectiveness on the solutions, both Alt. 1-1 and Alt 1-3 can be considered.
Proposal 2: RAN1 to prioritize the following dynamic indication-based solutions to enable Tx/Rx in gap(s)/restriction(s)
· Alt 1-1: Explicit indication by DCI to skip a particular gap(s)/restriction(s) 
· 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)
2.2.2  Semi-persistent solutions
Alt. 2 considers semi-persistent solutions that enable activation/deactivation of skipping of multiple gap/restrictions occasions. The semi-persistent solutions are similar to the dynamic (de)activation of a pre-configured MG pattern introduced in Rel-17 positioning. Such semi-persistent solutions can be beneficial as they allow Tx/Rx of XR data over multiple occasions while incurring potentially low signalling overhead.   
In Alt. 2-1, gNB can send a skipping activation command (e.g. in MAC CE), based on which the UE skips any of the gap/restrictions occasions until a deactivation command is received. A similar approach is applied in Alt. 2-1a where the activation command enables preconfigured gap/restriction occasions in which UE can perform measurements until a deactivation command is received. For enabling solutions in Alt. 2-1 and Alt. 2-1a, either the legacy MG patterns (e.g. consisting of a set of MGL, MGRP) [3] can be reused or new patterns can be introduced. Also, due to ease of indicating of skipping, Alt. 2-1 is slightly preferred over Alt. 2-1a.
In Alt. 2-2, RRM measurement adaptation is applied to all or selected MG configurations/scheduling restrictions based on a time window. Such solution can be useful to address the issue of adapting multiple MG configs/restrictions in one-shot signalling. However, for an XR UE which may be typically subject to less measurements and more data scheduling, it is unlikely the UE may be configured with multiple MG configs/restrictions. As such, the usefulness of Alt. 2-2 is less clear. 
In Alt 2-3, the gNB can activate/deactivate a preconfigured skipping pattern with a MAC CE, where the occasions in the pattern can be skipped by UE when overlapping with any of the gap/restriction occasions. The skipping pattern configured in UE can be related to the XR traffic pattern, consisting of a set of periodically occurring occasions where each occasion can consist of a number of slots (e.g. one or multiple). While this approach require introducing a skipping pattern, it provides sufficient flexibility to the gNB to decide on when to prioritize scheduling over measurements and send the (de)activation command. For the discussion on the parameters of the skipping pattern (e.g. periodicity, number of slots per occasion), the XR traffic model defined in Rel-17/18 [4] can be used a baseline. 
The semi-persistent solutions are beneficial as they allow Tx/Rx of XR data over multiple gap/restriction occasions. Also, given that the gNB can dynamically send the command to (de)activate the patterns to skip gaps/restrictions, the solutions are robust enough to handle any variations in the traffic, e.g. due to jitter or size of payload in each occasion. From the analysis of the different solutions under Alt. 2, the solutions in Alt. 2-1 and Alt 2-3 can be prioritized and supported.
 Proposal 3: RAN1 to prioritize the following semi-persistent solutions to enable Tx/Rx in gaps/restrictions 
· Alt 2-1: gNB sends a skipping activation command, UE will skip gaps/restrictions until de-activation command is received.
· 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);
2.2.3  Semi-static solutions                
The semi-static solutions in Alt. 3 use RRC signaling for configuring patterns, MG/SMTC configurations, pre-configured Tx/Rx occasions or priority info for Tx/RX or gaps/restrictions. 
In Alt. 3-1, a pattern can be configured to indicate skipping of the gaps/restrictions when the occasions of the pattern overlap with those in the gaps/restrictions. Such pattern can be similar to the skipping pattern discussed for Alt. 2-3 (e.g. based on the XR traffic pattern), with the difference being in the enabling/disabling mechanism. Given the benefits of using a skipping pattern to efficiently skip gaps with low overhead, its semi-static version can be supported.    
Alt 3-2 considers semi-static approach to skip all or several MG configurations/restrictions in a time window. Similar to Alt 2-2, it is unclear how much of a benefit can be derived with this approach considering the corresponding delays and inflexibility for enabling/disabling the skipping, especially when considering changes in traffic pattern and jitter.       
In Alt 3-3, the gaps/restrictions are skipped if colliding with semi-statically configured Tx/Rx occasions. Such Tx/Rx occasions can be associated with any of semi-statically configured resources such CG or SPS, for example. In the case of Alt 3-4, priority info can be semi-statically configured for gaps/restrictions or Tx/Rx, based on which the UE can identify whether to skip the gaps/restrictions. For example, if the priority of measurements is higher than that of data, the UE can perform measurements as per legacy. Otherwise, the UE performs data transmissions. 
While both Alt. 3-3 and Alt. 3-4 have certain benefits in terms providing some relief for enabling Tx/Rx in the occasions where the data Tx/Rx overlap with gaps/restrictions, similar to solution Alt. 3-1 both suffer from lack of flexibility and delays and hence, not preferable. Based on the discussion above, we propose the following:  
Proposal 4: RAN1 to prioritize the following semi-static solution to enable Tx/Rx in gaps/restrictions 
· Alt 3-1: Configure a pattern(s) via RRC to indicate occasions where to skip gaps/restrictions
2.3  Partial skipping of gaps/restrictions 
In RAN1#116, the following agreement was made on the UE assumption when gaps/restrictions are skipped:
	Agreement
From RAN1 perspective, when an occasion(s) of gaps/restrictions that are caused by RRM measurements are cancelled/skipped fully, UE is assumed to receive/transmit in the gaps/restrictions that are caused by RRM measurements as it would without any (measurement etc. related) gaps/restrictions that are caused by RRM measurements.
· FFS: Whether or not/How to support of the case where an occasion(s) of gap/restrictions that are caused by RRM measurements are cancelled/skipped partially


Regarding the FFS in the agreement above, it is important to have a common understanding on the impacts of fully skipping an occasion in gaps/restrictions. Although skipping the gap fully can be useful from signalling perspective, it can come at the expense of measurements. For example, when configured with a long gap length of 6ms, skipping the entire gap occasion to allow data Tx/Rx can impact the quantity/quality of measurements. 
In this case, when there is an ongoing data Tx/Rx that may partially use certain slots within a gap occasion (e.g. slots at the beginning or end of a gap occasion), only those slots can be skipped to enable Tx/Rx rather than the entire gap occasion. Such partial skipping of gap (e.g. skipping of subset of slots in a gap occasion) can be useful to complete the ongoing Tx/Rx for meeting the QoS (e.g. remaining delay), instead of postponing it to after the length of gap occasion. Similarly, if measurements can be completed before the end of a gap occasion, the remaining slots within the gap occasion can be used for data Tx/Rx. In this regard, how much of partial skipping of a gap occasion is allowable can be dependent on both the measurements and traffic conditions.  
[bookmark: _Hlk163126711][bookmark: _Hlk163126720]Proposal 5: Support partial skipping of occasions of gaps/restrictions  
3. Conclusion
[bookmark: _Hlk101735808]In this contribution, the following observations are made:
Observation 1: Scheduling restrictions can have major impact on transmission/reception of XR data with tight delay budgets. Delaying the transmissions to after MG results in not meeting QoS and impacts capacity. 
Observation 2: Semi-static approaches for reconfiguring gaps/restrictions to not overlap with the data TOs can cause additional delays when addressing issues related to jitter during XR data arrival 
Observation 3: Dynamic-indication based solutions are flexible to handle dynamic characteristics of XR data and enable the NW to control how much of the Tx/Rx of XR data can be allowed during RRM measurements  
The following proposals are made:
Proposal 1: RAN1 to deprioritize introducing new UE assistance information to enable Tx/Rx in gaps/restrictions  
Proposal 2: RAN1 to prioritize the following dynamic indication-based solutions to enable Tx/Rx in gap(s)/restriction(s)
· Alt 1-1: Explicit indication by DCI to skip a particular gap(s)/restriction(s) 
· 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)
Proposal 3: RAN1 to prioritize the following semi-persistent solutions to enable Tx/Rx in gaps/restrictions 
· Alt 2-1: gNB sends a skipping activation command, UE will skip gaps/restrictions until de-activation command is received.
· 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)
Proposal 4: RAN1 to prioritize the following semi-static solution to enable Tx/Rx in gaps/restrictions 
· Alt 3-1: Configure a pattern(s) via RRC to indicate occasions where to skip gaps/restrictions
Proposal 5: Support partial skipping of occasions of gaps/restrictions  
Appendix: Agreements on enabling Tx/Rx during RRM measurements
RAN#116bis Agreements
	Proposal 2.1.2-v6:
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.


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

Proposal 2.3.2-v3:
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.



RAN#116 Agreements
	Agreement
Consider at least solutions based on triggering/enabling by network signaling to enable Tx/Rx in gaps/restrictions that are caused by RRM measurements.
· FFS: Other types of solutions.
· Whether or not/how to account for any UE assistance information/indication in addition to other information available at the network

Agreement
From RAN1 perspective, when an occasion(s) of gaps/restrictions that are caused by RRM measurements are cancelled/skipped fully, UE is assumed to receive/transmit in the gaps/restrictions that are caused by RRM measurements as it would without any (measurement etc. related) gaps/restrictions that are caused by RRM measurements.
· FFS: Whether or not/How to support of the case where an occasion(s) of gap/restrictions that are caused by RRM measurements are cancelled/skipped partially

Proposal 2.6-2:
For solutions based on triggering/enabling by network signaling to enable Tx/Rx in gaps/restrictions that are caused by RRM measurements consider at least one of 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: details
· Alt. 2: Semi-persistent solution to deactivate/ and/or re-activate one or more of gaps/restrictions that are caused by RRM measurements and to enable Tx/Rx during the deactivated in gaps/restrictions that are caused by RRM measurements. 
· FFS: details
· Alt. 3: Semi-static solution to enable TX/RX in gaps/restrictions that are caused by RRM measurements.
· FFS: details
· Alt. 4: Dynamic solution to adapt/change gap/SMTC configuration to enable TX/RX in gaps/restrictions that are caused by RRM measurements. 
· FFS: details
· Alt. 5: Rule-based solution to enable TX/RX in gaps/restrictions that are caused by RRM measurements:
· FFS: details
Companies are encouraged to use the EVM in TR38.835 if they are submitting simulation results.

Working Assumption
[bookmark: _Hlk160273824]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. 
Note: UE features related to the developed solution(s) is a separate discussion.



Reference
[1]	RP-240791, Revised WID: XR (eXtended Reality) for NR Phase 3, Mar 2024
[2]	Chair notes, RAN1#116bis, April 2024
[3] 	3GPP TS 38.133, Requirements for support of radio resource management (Release 18), V18.4.0, Dec 2023
[4]	3GPP TR 38.835, Study on XR enhancements for NR (Release 18), V18.0.1, Apr 2023




