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1. Introduction
In the RAN #102 meeting [1], a new WID for enabling Tx/Rx for XR during RRM measurement has been approved, and detailed objectives were shown in the following:
	The Rel-19 XR ph3 objectives are as follows:
· Study and if justified, specify aspects related to multi-modality (intra-UE) (with coordination with SA2/SA4 as needed by LS request). Aim to facilitate efficient and effective support for XR application with Multiple QoS flows with multi-modal inter-dependencies, meeting multi-modal QoS requirements, e.g. synchronization and/or coordination. Efficiency enhancements are expected to be visible in terms of capacity or power consumption. [RAN2]. 
· Note: Check in RAN#105 (check also other WG involvement if needed).
· 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]
· Specify Enhancements for Scheduling, as follows: 
· For the UL, Study and if justified, Specify enhancements using delay/deadline information, for support of UL scheduling to enable high XR capacity while meeting delay requirements/avoiding too late PDUs. [RAN2].
· Note: LCP implementation complexity need to be taken into account when evaluating solutions.
· Note: Check in RAN#105
· Specify the following user plane enhancements [RAN2]
· RLC re-transmission related enhancements for operation of RLC Acknowledged Mode (AM) with small packet delay budget. 
· If justified, define a mechanism for transmitter to inform the receiver of SN gap (or missing SNs) in PDCP.
· Specify Core requirements related to the above objectives as necessary [RAN4]



In RAN1#116-bis[2] meeting, enabling Tx/Rx for XR during RRM measurements has been discussed, and the following agreements and working assumption were achieved.
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: details
· 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: details
· 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: details

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 (further revised in Friday and amended as shown below) 
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. The following UE assistance information is considered for further study:
· FFS: UE assistance information related to measurement occasions; 
· FFS: UE assistance information related to channel conditions; 
· FFS: UE assistance information related to traffic.
· FFS: UE assistance information related to UE mobility.
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 in RAN1#117 on the support of UE assistance information.

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, we mainly provide our views on enabling Tx/Rx for XR during RRM measurements. 
2. [bookmark: OLE_LINK4][bookmark: OLE_LINK3]Discussion
Traffic characteristics of XR services were intensively studied in the Rel-17 RAN1 meetings, and the DL/UL traffic models for the video stream and Pose/control for XR and cloud gaming services were agreed. Based on the outcomes of the studies so far, the following characteristics [3] of the XR traffic are identified and should be considered for the potential enhancements of NR to support XR.
· Non-integer periodicity
In RAN1 meetings of Rel-17, it was agreed that 60 frame per second (fps) is baseline for both DL and UL video stream and 30 fps, 90 fps as well as 120 fps can be also optionally evaluated. Based on the arrival time of packet with 30 fps, 60fps, 90fps, 120fps per second, which the corresponding periodicities are {33.33ms, 16.67ms, 11.11ms, 8.33ms} respectively, it’s not an integer periodic of symbol or slot. 
· Jitter of packet arrival time
As agreed in RAN1 meeting in Rel-17, a truncated Gaussian distribution is used to model the jitter of DL and UL video stream for XR services. The range of jitter is agreed to be [-4, 4]ms (baseline) and [-5, 5]ms (optional). This means the XR packets may arrive at gNB or UE within a time window of total 8ms or 10ms length, and the exact arrival time is not known in advance. 
· Low latency and large packet size
To provide good immersive experience, the latency of XR traffic should be as low as possible. As agreed in RAN1 meetings in Rel-17, air interface PDB for DL video stream is as follows. 
VR/AR
· 10ms 
CG
· 15ms
According to the agreed traffic model in Rel-17, mean packet size is very large. Taking AR/VR 60Mbps as example, mean packet size is 135000 bytes. 
This is very different from R-15/6 URLLC or eMBB services, for URLLC, the most challenge is latency and for eMBB, the most challenge is high transmission data. However, for XR services, both high transmission rate and low latency should be satisfied.
· Varying packet size
In Rel-17 RAN1 meeting, parameters of Truncated Gaussian distribution for packet size of DL video stream in case of single stream evaluation has been agreed and is shown below, we can observed that the packet size of XR is not fixed. 
· [STD, Max, Min]: [10.5, 150, 50]% of Mean packet size
· Multiple flows
For an XR application, there might be multiple data streams. Multiple streams may have different traffic characteristics, requirements and priorities. 
Observation 1: XR services have the following characteristics. 
· The non-integer periodicity
· Jitter of packet arrival time
· Low latency and large packet size
· Varying packet size
· Multiple flows

Enabling Tx/Rx for XR during measurements
In current specification, measurement gaps are configured to allow UE to do inter-frequency neighbour cell measurement and the corresponding Radio frequency (RF) tuning for RRM purposes (e.g. mobility, CA set-up, etc.). During an activated measurement gap, MAC entity shall, on the Serving Cell(s) in the corresponding frequency range of the measurement gap configured by measGapConfig as specified in TS 38.331:
1>	not perform the transmission of Hybrid Automatic Repeat request (HARQ) feedback, Scheduling Require (SR), and Channel State Information (CSI);
1>	not report Sounding Reference Signal (SRS);
1>	not transmit on UL-SCH except for Msg3 or the MSGA payload as specified in clause 5.4.2.2;
1>	if the ra-ResponseWindow or the ra-ContentionResolutionTimer or the msgB-ResponseWindow is running:
2>	monitor the Physical Downlink Control Channel (PDCCH) as specified in clauses 5.1.4 and 5.1.5.
1>	else:
2>	not monitor the PDCCH;
2> not receive on DL-SCH.
In other word, during the measurement gap, a UE cannot transmit/receive data except for random access procedure. As discussed in above, XR services are with low latency, jitter and large packet size, when XR traffic is arrival close to or during a measurement gap, after UE perform RRM measurement during the measurement gap, the remaining time of latency budget is not enough for the UE to transmit a XR traffic whole, as show in figure 1. Thus, the performance of XR service will be decreased, to handle of this, enabling Tx/Rx for XR during measurement gap can be considered. 


Figure 1. Packet with low latency arrival close to or during measurement gap
To handle of this, a directly way is to relax the scheduling restrictions caused by RRM measurements, both dynamic indicate and semi-static indicate way at gNB side can be considered. For dynamic scheduling data transmission, the most straightforward way to determine a data transmission/reception within measurement gap/restriction or not based on time domain location of the data, if UE has received a scheduling DCI before a measurement gap/restriction, and the time domain resource of the scheduled data via DCI is overlapped with the measurement gap/restriction, then UE can perform data transmission/reception and to skip the measurement gap/restriction, i.e., do not perform measurement in the MG/SMTC and perform data transmission/reception which are scheduled. Anyway, whether a dynamic data transmission/reception overlapped with measurement gap/restriction or not in time domain can be controlled by gNB, comparing to explicit indication by DCI to skip a particular gap(s)/restriction(s), there is no extra signalling overhead. With this way, a UE-specific data scheduling DCI can be used to indicate whether measurement gap/restriction need to skip or not. In addition, not whole of the measurement restriction in time domain need to occupy by data transmission/reception and not all of the measurement restriction need to RF chain switching, thus, portion of slots/symbols within a measurement restrictions can be used for data transmission/reception, with this way, trade-off between measurement and data transmission/reception can be achieved.
Proposal 1. For dynamic data transmission, when the time domain resource of the scheduled data by the DCI is overlapped with the measurement gap, then UE need to skip measurement and perform data transmission/reception within a measurement gap (Alt 1-3).
Proposal 2: UE-specific DCI format (e.g. DCI format 0_x/1_x) can be used for dynamic indication to enable Tx/Rx within measurement gap(s)/restriction(s).
Proposal 3. Partial slots/symbols within measurement restrictions for data transmission/reception can be considered.
In addition, in order to reserve sufficient processing time for UE to skip an occasion of measurement gap/restrictions, a time gap is introduced between the end of skipping command and the start of skipped measurement occasion is needed. In current specification, a processing timeline for PUSCH or PDSCH has been defined, in our view, re-use the current processing timeline for PDSCH or PUSCH is suitable. 
Proposal 4: Re-use the current processing timeline for PDSCH or PUSCH as the minimum time gap between the end of skipping command and the start of skipped measurement occasion.  
For semi-static scheduling data transmission/reception, due to lack of dynamic scheduling signaling, semi-static indication way can be considered. In current specification, RRM measurement have higher priority than data transmission/reception except for any data transmission/reception of random access procedure, an explicit way can be considered, priority of data reception/transmission and RRM measurements can be semi-static configured, based on the priority, performing data reception/transmission or measurement within a measurement restriction. If the priority of RRM measurements is higher than the priority of data transmission/reception, RRM measurements can be performed by UE. Otherwise, the data transmission/reception can be performed by UE.
Proposal 5: Priority rule for enabling Tx/Rx for XR during RRM measurement can be considered. 
UE assistance information for enabling Rx/Tx for XR during RRM measurement
In Rel-18, to match low latency and high data rate of XR service, enhanced configured grant (eCG) has been introduced thanks to no SR and BSR procedure. For eCG, which is configured multiple transmission occasions within the CG configuration, where the transmission occasions are used for multiple TBs transmission. Similarly, in Rel-19, to match the low latency and high data rate, Rx/Tx enabling within RRM has been studied, for DL traffic, gNB can know the actual traffic arrival time and the packet size, then based on gNB indication, trade-off between XR service capacity and RRM measure can be achieved. However, for UL service, gNB may not know the actual size and delay budget for a packet if UE not report the BSR timely, for example, in some case, due to resource limited (e.g., frame structure), there is no opportunity for a UE to report BSR and PDB in time before a measurement restriction. In addition, when the CG configuration is used for XR services, and the CG configuration is located within a RRM measurement gap/SMTC, with this case, it’s very difficult for gNB to make any decision to determinate whether performing data transmission/reception or measurement within measurement gap/SMTC, thus, UE assistance information to notify gNB whether Tx/Rx need to perform within RRM measurement gap/SMTC can be considered.
Proposal 6：UE assistance information/indication to notify gNB whether enabling Tx/Rx for XR during RRM measurements restriction can be considered.
Interaction with DRX
When c-DRX is configured to a UE for power saving, during c-DRX with idle time, UE needn’t to wake up to monitoring PDCCH(s), thus, within a DRX cycle idle time, how does gNB/UE to indicate data transmission/reception enabling within a measurement gap/SMTC. For DL scenario, within DRX idle time, a signaling to notify whether Rx/Tx can be performed within measurement gap/SMTC is needed. For UL scenario, similar scenario as in section 2.2, due to resource limited (e.g., frame structure), there may be no opportunity for a UE to report BSR and PDB in time before a measurement restriction. Thus, a signaling within DRX idle time to notify gNB whether Rx/Tx can be performed within measurement gap/SMTC is needed.
Proposal 7: Interaction between DRX and solutions to enable Tx/Rx during measurement restrictions can be studied.
Other enhancements on capacity performance for XR
As analysis in section 2, a truncated Gaussian distribution is used to model the jitter of DL and UL video stream for XR services. The range of jitter is agreed to be [-4, 4]ms (baseline) and [-5, 5]ms (optional). This means the XR packets may arrive at gNB or UE within a time window of 8ms or 10ms length, and the exact arrival time is not known in advance. When the XR traffic is arrived before the first TOs within a CG transmission, then UE can transmit a PUSCH on the following TOs within a CG configuration. However, when the XR traffic is arrived after the first TOs within CG transmission occasion, the remaining TOs within a CG configuration may be not enough to carry a packet whole, scheduling delay will be caused for transmission the remaining portion of the packet if dynamic scheduling mechanism is used. In addition, XR services is also with multiple flows, to handle of this, the most straightforward way is to configure more than one CG configurations. When more than one CG configurations are configured and more than one CG configuration are activated simultaneously, as agreed in Rel-18, a UTO-UCI carried by CG-PUSCH can be used to indicate the un-used TOs within a CG configuration, thus, there is no UTO-UCI to indicate the un-used TOs within the CG configurations which are not chosen by the UE, resource waste will be cause in this way, to handle of this issue, a UTO-UCI to indicate un-used TOs within more than one CG configurations should be supported.
Proposal 8: When more than one CG configurations activation simultaneously, a UTO-UCI use to indicate un-used TOs within more than one CG configurations can be considered.
3. Conclusion
In this contribution, the following observation and proposals have been made:
Observation 1: XR services have the following characteristics. 
· The non-integer periodicity
· Jitter of packet arrival time
· Low latency and large packet size
· Varying packet size
· Multiple flows
Proposal 1. For dynamic data transmission, when the time domain resource of the scheduled data by the DCI is overlapped with the measurement gap, then UE need to skip measurement and perform data transmission/reception within a measurement gap (Alt 1-3).
Proposal 2: UE-specific DCI format (e.g. DCI format 0_x/1_x) can be used for dynamic indication to enable Tx/Rx within measurement gap(s)/restriction(s).
Proposal 3. Partial slots/symbols within measurement restrictions for data transmission/reception can be considered.
Proposal 4: Re-use the current processing timeline for PDSCH or PUSCH as the minimum time gap between the end of skipping command and the start of skipped measurement occasion.
Proposal 5: Priority rule for enabling Tx/Rx for XR during RRM measurement can be considered. 
Proposal 6：UE assistance information/indication to notify gNB whether enabling Tx/Rx for XR during RRM measurements restriction can be considered.
Proposal 7: Interaction between DRX and solutions to enable Tx/Rx during measurement restrictions can be studied.
Proposal 8: When more than one CG configurations activation simultaneously, a UTO-UCI use to indicate un-used TOs within more than one CG configurations can be considered.
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