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Introduction
[bookmark: _Ref494215420]In RAN#103, a revised WID for XR (eXtended Reality) was approved [1], and the objectives include enabling transmission/reception in gaps/restrictions for XR during RRM measurements, as shown below.
	· 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 this contribution, we present our opinions on enabling transmission/reception for XR during RRM measurements.
Discussion
In NR system, the measurement gap is configured to UE for performing inter-frequency measurements and intra-frequency measurements. Within measurement gaps, scheduling restrictions apply where UE is not expected to enable transmission/reception signals except which used for measurement purposes. Moreover, there are some cases that applied scheduling restrictions without MG, e.g. NR SSB based intra-frequency / inter-frequency measurements, CSI-RS based measurements, scheduling restriction in L1-RSRP measurement for reporting, etc.
When the gaps/restrictions overlaps with delay-sensitive services, e.g. XR traffic with tight PSDB, it may cause packet delay in PDU set transmission/reception and may decrease the system capacity. In addition, for measurement gaps based on per-UE or per-FR measurement gap pattern, the measurement gap repetition period (MGRP) can be configured by {20, 40, 80, 160}ms, and the measurement gap length (MGL) can be configured by {1.5, 3, 3.5, 4, 5.5, 6, 10 or 20} ms [2]. Both of them cannot be aligned with non-integer XR periodicity (e.g., 16.67ms). Since the time offset between MG and XR flow will accumulate over time, as shown in Figure 1. After several MGRP, XR packets may arrive inside of MGL. Especially when the PDB (packet delay budget) is limited or the remaining time of the data in buffer is beyond the threshold, delaying data transmissions until after the MG duration may result in not meeting QoS and potentially discarding the PDUs. 


Figure 1. The misaligned between XR traffic and measurement gap
Observation 1：It is hard to avoid the overlapping between XR traffic and MGs, which can impact the XR traffic transmission or reception.
Cases with MGs/SMTCs with scheduling restrictions for RRM measurements
In the RAN1#116 meeting, a working assumption related to enable TX/RX for XR during RRM measurements was achieved as following [3]:
	Working Assumption
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.



From our point of view, we should conform this working assumption, i.e., RAN1 aims to develop/identify solution(s) to enable Tx/Rx in gaps/restrictions that are caused by RRM measurements. From RAN1 perspective, all types of gaps / restrictions should be considered when develop/identify solution(s) to enable Tx/Rx in gaps/restrictions. RAN1 won’t develop a design specific for each gaps/restrictions. It is up to RAN4 to study and identify which types of gaps / restrictions caused by RRM measurements can be skipped/relaxed/activated/deactivated/deprioritized.
Proposal 1: Confirm the working assumption above.

Network controlled solution(s) and timeline considerations
It is necessary to improve XR capacity by relaxing scheduling restrictions caused by RRM measurements based on network indication. In the RAN1#116 meeting, some agreements were achieved as following [3]:
	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

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.



gNB is aware of the XR packets to be delivered in both of downlink and uplink data. Therefore, it is a straightforward way depending on the gNB indication to enable Tx/Rx in gaps/restrictions that are caused by RRM measurements. The indication can be a semi-static indication or dynamic indication. Although semi-static indication has an advantage of simple implementation, e.g., by RRC configuration, it loses the flexibility on scheduling relaxation in different gaps/restriction. On the contrary, dynamic indication provides the flexibility to enable Tx/Rx in gaps/restrictions that are caused by RRM measurements with a relatively small spec. impact. 
We support Alt.1, there are two methods based on the dynamic indication. The details are showed as follows. 
[bookmark: OLE_LINK84]Method 1: Indication of UL/DL in MG 
[bookmark: OLE_LINK85]gNB can provide indication for whether or not one UL transmission or DL reception can be done during its overlapping MG. This enhancement is more proper for dynamic scheduling. As shown in figure 3, gNB indicates whether UE can enable one transmission/reception in the measurement gap based on DCI. For example, increasing the transmission priority of XR service and skipping measurements when PDSB is tight. This DCI can be a scheduling DCI. More specifically, it can be each one of the exiting scheduling DCI format in the NR system. Additionally, UE can also report assistance information to gNB for uplink transmission in determining whether to transmit/receive data, e.g. the DSR (Delay Status Reporting) introduced in Rel-18. 


Figure 2. Indication for one UL transmission or DL reception in MG
Method 2: Dynamic measurement gap disable or enable
In this method, dynamic command by MAC-CE or DCI can be used to disable or enable MG. As shown in Figure 2, when the MG is disabled, it means MGs are canceled and the restrictions in the current spec. can be released, including the UE can transmit or receive any type of channel/signal. Meanwhile, current UE measurement procedures for RRM, measurement gaps for positioning, CSI acquisition, MUSIM, NTN can be executed. When the MG is enabled, MGs and legacy measurements are still valid, the restrictions are existing. The current report from UE can provide some information to gNB that whether or not need to enabled the MGs, such as Event A2 can indicate a weakening of the current serving cell. gNB can enable the MG after receiving the corresponding Event A2 report.

  
Figure 3. MG enable and MG disable
Proposal 2: For solutions based on triggering/enabling by network signaling to enable Tx/Rx in gaps/restrictions that are caused by RRM measurements, prioritize Alt.1 from corresponding agreement in RAN1#116.
· Method 1: Indication of UL/DL in MG
· Method 2: Dynamic measurement gap disable or enable.

During RAN1#116, we also discussed the issue related to timeline requirements or gap between dynamic signalling indicating to enable Tx/Rx in gaps/restrictions that are caused by RRM measurements. From our point of view, we should postpone to discuss this issue after the overall framework, or discussed in parallel with deciding the overall framework. It is meaningless to discuss the timeline unless the solution to enable Tx/Rx in gaps/restrictions that are caused by RRM measurements is based on dynamic signaling.
Proposal 3: The issue related to timeline requirements should be discussed in parallel or delayed after deciding the solutions based on triggering/enabling by network signaling.
Cases with partially cancelled/skipped MGs/SMTCs with scheduling restrictions for RRM measurements
In the RAN1#116 meeting, an agreement was achieved as following [3]:
	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.
· [bookmark: _GoBack]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



Based on the agreement, FFS part from the agreement above needs to continue discuss in this meetings. From our perspective, the whole cancelled/skipped should as a baseline. As for whether or not to support of the case where an occasion(s) of gap/restrictions that are caused by RRM measurements are cancelled/skipped partially, it is more suitable to study the details in RAN4.
Proposal 4: For 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, it is up to RAN4 to make the final decision.

Conclusion
In this contribution, we discuss on enabling transmission/reception in gaps/restrictions for XR during RRM measurements. The following observation and proposal are achieved:
Observation 1：It is hard to avoid the overlapping between XR traffic and MGs, which can impact the XR traffic transmission or reception.
Proposal 1: Confirm the working assumption above.
Proposal 2: For solutions based on triggering/enabling by network signaling to enable Tx/Rx in gaps/restrictions that are caused by RRM measurements, prioritize Alt.1 from corresponding agreement in RAN1#116.
· Method 1: Indication of UL/DL in MG
· Method 2: Dynamic measurement gap disable or enable.
Proposal 3: The issue related to timeline requirements should be discussed in parallel or delayed after deciding the solutions based on triggering/enabling by network signaling.
Proposal 4: For 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, it is up to RAN4 to make the final decision.
Reference
[1] RP-240791, “Revised WID: XR (eXtended Reality) for NR Phase 3”, RAN #103, Maastricht, Netherlands, March 18-21, 2024.
[2] TS 38.133, “NR; Requirements for support of radio resource management”
[3] Chair’s note, RAN1#116.
image2.emf
DL reception can NOT be done

MGL

16.67ms 16.67ms 16.67ms

MGRP=20ms 20ms 20ms

Measurement gap

XR traffic arriving

DCI

DL reception can be done

DCI


Microsoft_Visio___1.vsdx
DL reception can NOT be done
MGL
16.67ms
16.67ms
16.67ms
MGRP=20ms
20ms
20ms
Measurement gap
XR traffic arriving
DCI
DL reception can be done
DCI



image3.emf
MGL

16.67ms 16.67ms 16.67ms

MGRP=20ms 20ms 20ms

Measurement gap

XR traffic arriving

MG disable

MG enable


Microsoft_Visio___2.vsdx
MGL
16.67ms
16.67ms
16.67ms
MGRP=20ms
20ms
20ms
Measurement gap
XR traffic arriving
MG disable
MG enable



image1.emf
MGL

16.67ms 16.67ms 16.67ms

MGRP=20ms 20ms 20ms

Measurement gap

XR traffic arriving


Microsoft_Visio___.vsdx
MGL
16.67ms
16.67ms
16.67ms
MGRP=20ms
20ms
20ms
Measurement gap
XR traffic arriving



