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1. [bookmark: _Ref115425183][bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction 
A new work item on eXtended Reality (XR) for NR phase 3 was approved In RANP#102 [1]. The WI aims for enhancements addressing system capacity, efficient and effective mechanisms to meet QoS requirements and lower device power consumption, in the context of the demanding scenarios and traffic characteristics requirements of XR, including also multi-modal applications. The WI also aims to realize system capacity gains by enabling transmission/reception in gaps/restrictions that are caused by RRM measurements, while keeping impact to mobility performance limited. The Rel-19 XR ph3 objective that being addressed in this contribution is: 
· 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]
In RAN1#116bis meeting, the following agreements were made [3]:
	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.




This contribution provides our views on enabling transmission/reception in measurement gaps / scheduling restrictions period to support XR application.
2. Discussion
XR transmission is typically involving video, pose/control, and audio. Video transmission is expected to be transmitted with certain frame rate such as 60 frame/second (fps), 120 fps, etc. Video transmission may have large payload size depending on the required video quality. Pose/control may have even higher frame rate, such as 250 fps [2]. These transmissions shall be performed accordingly. A feature to support XR application in NR, including the above transmission, so called enhanced configured grant (CG) was introduced in Rel-18. However, any interruptions affecting the above transmission may degrade the XR performance (e.g., capacity) and subsequently reducing the XR user experience.
Apart from performing data transmission and reception, a UE is also required to perform cell measurements. For example, if the signal quality of the serving cell is deteriorating, such as below certain threshold then the UE starts neighbor-cell measurements. A UE shall measure the neighboring cells signal and other carrier components. 

The UE can perform RRM measurements on the neighbor cells SSB signal when the signal is transmitted on the same frequency (i.e., intra-frequency measurements) and still being able to transmitting and receiving data from the serving cell (e.g., all signals are within a bandwidth part) without the need of a measurement gap. However, a scheduling restriction is still applied. The UE is not expected to transmit/receive around the SSB symbols. When the measurement shall be performed in other BWP then the UE has to suspend the communication as the UE requires a measurement gap for the RRM measurement. A similar situation may happen for measuring on a cell operating at a different frequency (Inter frequency Neighbors) and Other RAT (LTE is other RAT for 5G NR). The UE has to suspend communication (Tx/Rx) within a measurement gap duration with serving cell and needs to tune RF module to configured frequencies (configured Meas Objects) and resume connection with serving cell after some duration. The time duration during which mobile suspends its communication with serving cell to perform RRM measurement (e.g., inter frequency neighbor or other RAT measurement) is known as measurement gap. The measurement operation is illustrated in Figure 1.
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[bookmark: _Ref155609768]Figure 1: Illustration of Legacy Measurement Gap using SSBs
During the measurement gap / scheduling restriction, the UE can perform cell signal measurement by using SS/PBCH Block (SSB), which is composed of Synchronizations Signal (SS) and Physical Broadcast Channel (PBCH). The number of SSB in one burst depends on the Operating frequency. If Operating frequency (fc) is < 3GHz (FR1) the number of SSB´s are 4, for fc = 3GHz to 6 GHz (FR1), the number of SSB´s are 8 and for fc >6 GHz mm-wave and the number  of SSB´s are up to 64 within one burst. The SSB periodicity can be configured for each cell in the range of 5,10,20,40,80 or 160 ms. However, the UE does not need to measure cell signal with a periodicity as frequent as the SSB. The appropriate measurement periodicity can be configured according to the channel condition. 

In legacy NR, the UE has scheduling restrictions so that the UE is expected not to transmit and receive during measurement gap. During the measurement gap, the UE is expected to perform RRM operation, such as RSRP measurement of the received or measured SSB. The measurement gap occasions can occur at the same time when the UE has been allocated for data Tx/Rx, such as the downlink configured grant (CG) transmission for XR traffic as shown in Figure 2. The legacy scheduling restrictions may affect XR transmission, making the UE not being able to transmit / receive XR application-related data when needed, which can result in degraded quality of service (QoS) / Quality of Experience (QoE) of XR application. XR application can be sensitive to delay / latency. If the UE/gNB has to postpone or wait with a transmission of video frame, it may result in a situation where the overall delayed video frame can be obsolete or unusable. Hence, it can be even discarded at the upper layer.
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[bookmark: _Ref155607355]Figure 2: Collision of Measurement During MGL and Data Tx/Rx

In order to ensure the RRM measurement (e.g., measurement gap) does not affect the XR transmission, we propose a signaling mechanism where the UE can temporarily modify the configured measurement gap, such as to skip the RRM measurement and continue data transmission/reception, particularly for the XR-specific traffic type. The gNB can provide an indication for the UE to skip measurement gap. It can be indicated explicitly or implicitly. During RAN1#116 meeting, several alternatives have been identified [3]. Further down-selection were made during RAN1#116bis meeting [4]. An explicit signaling can be provided from gNB to UE, indicating the UE to skip the upcoming measurement gap. This can be provided in layer 1 signaling (e.g., via DCI or MAC CE). We prefer to use DCI to convey the skipping of the subsequent gap/restriction. The indication from gNB is required so that the UE behavior is still under control by the gNB. This approach is illustrated in Figure 3.
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[bookmark: _Ref155607221]Figure 3: Illustration of Skip / Release Measurement to support data Tx/Rx 
The dynamic indication is basically an explicit indication by DCI to skip a particular gap(s)/restriction(s). It indicates the nearest gap(s)/restriction(s). This is known as Alt1-1 in the previous meeting agreement.
[bookmark: _Toc163037832][bookmark: _Toc163037946][bookmark: _Toc166247829][bookmark: _Toc166068793]Proposal 1: Support dynamic indication (i.e., via DCI) to enable Tx/Rx in particular gap(s)/restriction(s) that are caused by RRM measurements. 
[bookmark: _Toc166247830]Proposal 2: The DCI contains an explicit indication to skip a particular gap(s) /restriction(s) for one or more occasions, known as Alt.1-1.
The other alternatives, such as semi-persistent solution, and semi-static solution may also be supported. However, the use-cases and scenarios for those solutions need to be justified. It can also be the case when the network (gNB) wants to have flexibility in supporting and deploying the preferred solution(s).
[bookmark: _Toc166068794][bookmark: _Toc166247831]Proposal 3: Other solution(s) than dynamic indication can be further studied (e.g., on the applicability, and scenarios).
The temporary modification of the configured measurement gap can be in a various form, such as to completely skip a measurement gap, and also to shorten the measurement gap (i.e., it becomes a sub-measurement gap).
[bookmark: _Toc163037833][bookmark: _Toc163037947][bookmark: _Toc166068795][bookmark: _Toc166247832]Proposal 4: Temporary measurement gap modification to enable Tx/Rx can be at least in a form of skipping a gap/restriction occasion.
The XR traffic that may collide with RRM measurement may not necessarily be a video transmission which may require a large payload. It can also be the motion control information which require a small payload size. For example, it can be transmitted within one slot. If the UE perform transmission / reception for such short period then in practice, the UE can still continue to perform RRM measurement for the remaining measurement gap. The UE is not necessarily needed to skip the entire measurement gap. The UE can still perform both XR transmission / reception and RRM measurement with reduced measurement gap length. The RRM measurement with reduced measurement gap lenth is basically the operation of partial skipping of gap(s) / restriction(s).
[bookmark: _Toc163037834][bookmark: _Toc163037948][bookmark: _Toc166068796][bookmark: _Toc166247833]Proposal 5: Support partial skipping of gap(s)/restriction(s) to allow more scheduling opportunities.
For the case of uplink transmission, UE may have better information than gNB in terms of the uplink transmission characteristics. The UE has direct interaction with the upper layer (e.g., application layer) so that the UE can predict the upcoming uplink transmission characteristics. The uplink transmission can be in a form of an aperiodic transmission that require spontaneous transmission from the UE. It can also be in a form of semi-static / periodic transmission. Furthermore, the UE may have various types of uplink transmission. Some uplink transmission can be compromised, such that the legacy gap/restriction can still be applied. In this case, the UE can prioritize the measurement over the transmission. Some other uplink transmission (e.g., XR traffic for video, control, data) has higher priority over RRM measurement. In this case, the UE skips RRM measurement and performs UL transmission instead. Based on these reasonings, UE assistance information to serving gNB on indicating an upcoming temporary measurement gap modification (e.g., skipping) shall be supported. The gNB can take that information into account and decide whether to grant the temporary measurement gap modification or not. This mechanism would also ensure that the gNB is still in full control of the UE behaviour. Hence, any potential system performance degradation (e.g., due to the measurement gap skipping) can be avoided.
[bookmark: _Toc163037863][bookmark: _Toc163037934]Observation 1: UE has better knowledge, particularly for the UL traffic. Hence, UE assistance information could be beneficial in assisting gNB to allow XR traffic when there is a collision between XR traffic and RRM measurement.
[bookmark: _Toc163037835][bookmark: _Toc163037949][bookmark: _Toc166068797][bookmark: _Toc166247834]Proposal 6: Support UE assistance information indicating the number of gap(s) / restriction(s) that can be skipped during a configured RRM measurement.
In case of the RRM measurement is affected by the temporary measurement gap modification, for example when one or more of the measurement gaps has been skipped, then the UE can also indicate that the reported RRM measurement has been affected. Skipping one or more measurement gaps is expected to reduce the quality of the reported RRM measurement from the UE, such as reducing the mobility performance. This may require further study in other WG(s), such as RAN2 and RAN4. 
[bookmark: _Toc163037864][bookmark: _Toc163037935]Observation 2: : Skipping RRM measurement may affect the quality of the reported RRM measurement. It would be beneficial for gNB to know whether the RRM measurement has been compromised or not.
 
3. Conclusion
In this contribution, we provide our views on enabling transmission/reception during measurement gap. The observations and proposals are listed below. 
Observation 1: UE has better knowledge, particularly for the UL traffic. Hence, UE assistance information could be beneficial in assisting gNB to allow XR traffic when there is a collision between XR traffic and RRM measurement.
Observation 2: : Skipping RRM measurement may affect the quality of the reported RRM measurement. It would be beneficial for gNB to know whether the RRM measurement has been compromised or not.

Proposal 1: Support dynamic indication (i.e., via DCI) to enable Tx/Rx in particular gap(s)/restriction(s) that are caused by RRM measurements.
Proposal 2: The DCI contains an explicit indication to skip a particular gap(s) /restriction(s) for one or more occasions, known as Alt.1-1.
Proposal 3: Other solution(s) than dynamic indication can be further studied (e.g., on the applicability, and scenarios).
Proposal 4: Temporary measurement gap modification to enable Tx/Rx can be at least in a form of skipping a gap/restriction occasion.
Proposal 5: Support partial skipping of gap(s)/restriction(s) to allow more scheduling opportunities.
Proposal 6: Support UE assistance information indicating the number of gap(s) / restriction(s) that can be skipped during a configured RRM measurement. 
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