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Introduction
The Work Item for XR (eXtended Reality) for NR Phase 3 was approved for Rel-19 in RAN#102 [1]. One of its objectives is to specify solutions for the enhancement of measurement gaps and scheduling restrictions due to RRM measurements:
	· 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 provide our views on certain aspects identified for further study and specification needed to support the reduction of impact to capacity and latency related to the scheduling restrictions due to the inter-frequency RRM measurements with measurement gaps.
Discussion
Single-Flow Measurement Gap Enhancements
Measurement gaps are durations of time during which a UE temporarily suspends data transmission/reception with the serving cell to perform various measurements, e.g., inter-frequency handover (FR1/FR2), intra-frequency handover (beam management in FR2), inter-RAT handover, CSI measurements for downlink channel quality estimation (e.g., for adaptive modulation and coding schemes), and PRS measurements for positioning services. The measurement gaps are configured by the gNB through RRC signalling according to Section 5.5.2.9 in TR 38.331 [2]. In addition, the so-called SMTC window is used by the UE to perform measurements on the SSBs of adjacent cells and is configured through RRC signalling according to Section 5.5.2.10 in TR 38.331 [2]. The measurement gaps occur periodically between every 20 ms and every 160 ms, as a multiple of the SSB burst periodicity. Their duration ranges from 1.5 ms to 6 ms and is such that it guarantees that UE has enough time to switch to the target non-serving cell, to perform the measurements, and to return back after the measurements. The scheduling restrictions listed in Section 9.1.2 of TS 38.133 [3] apply whenever the UE may be performing measurements based on its gap and/or SMTC configuration.
However, these scheduling restrictions mean less occasions available for data transmission, hence resulting in a capacity deterioration as well as increased latency. An example is shown in Fig. 1 for illustration, where the XR traffic is 60 fps whereas the measurement gap repetition period (MGRP) and the measurement gap length (MGL) are 40 ms and 6 ms, respectively. It can be observed that measurement gaps can overlap with some of the XR frames. Their transmission is interrupted within each measurement gap period, causing an increased latency for these XR frames, proportional to the length of the measurement gap, which may likely result in not meeting the QoS requirements (i.e., the PDUs are potentially delivered outside the PDB, and are thus discarded).
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Fig. 1: Impact of scheduling restrictions on XR traffic due to measurement gaps.
In other words, measurement gaps have a significantly detrimental impact on high-date rate, delay-sensitive, high-priority traffic like XR. This is in line with the results of the Rel-18 Study Item on XR enhancements TR 38.835 [4], where significant gains in terms of capacity and latency were reported by companies. The evaluated schemes and corresponding simulation results are captured in clause B.1.7. However, it is crucial to note that the way how to address the measurement gaps and scheduling restrictions should not have any impact on the accuracy of the measurements and on the decisions made by network, e.g., in terms of handover. To illustrate this point, let us consider the two following extreme cases:
1) When the UE is located at the edge of its serving cell, it may likely experience poor SNR and/or poor CQI. In that case, it is not recommendable to skip many consecutive measurement gaps as it may result in the non-detection of radio link failure events between the UE and the serving cell, and thus in the non-decision by the network to perform handover,
2) Conversely, when the UE is static and near the centre of its serving cell, it may likely experience very good SNR and/or very good CQI. In that case, several consecutive measurement gaps can be skipped for higher capacity and lower latency purposes without compromising some important decisions to be made by the network.
In either case, the challenge will be to find the good balance between the measurement accuracy and the timely transmission of the XR data. In one approach, the measurement gaps may be dynamically (de)activated when they are overlapping with XR data transmissions. Alternatively, a mechanism to allow the UE to relax scheduling restriction and to prioritize XR traffic over measurements could also be considered. The criteria and conditions could be discussed by the companies during this meeting and the upcoming ones.
Proposal 1: 	Specify enhancements for reducing the impact on the capacity and latency of individual UEs due to RRM measurements and scheduling restrictions.
Proposal 2: 	Dynamic (de)activation of the measurement gaps can be considered as a solution to mitigate the impact of RRM measurement gaps. FFS: criteria and conditions for preserving a good balance between the measurement accuracy and the timely transmission of the XR data.
Proposal 3: 	Temporarily prioritizing XR traffic over measurements can be considered as a solution to relax scheduling restrictions. FFS: criteria and conditions for preserving a good balance between the measurement accuracy and the timely transmission of the XR data.
Combination with DRX
A UE may be configured with DRX operations by the gNB through RRC signalling in order to reduce its power consumption. During the DRX active time, the UE can monitor for PDCCH activity in every subframe, can transmit uplink data, can receive downlink data, and can perform measurements. Multiple timers are running during the DRX active time [5], e.g., an active duration timer (called ‘drx-onDurationTimer’) and an inactivity timer (called ‘drx-InactivityTimer’). The inactivity timer specifies how long the UE remains active after the successfully decoding of a PDCCH indicating a new uplink or downlink transmission. The inactivity timer is (re)started upon receiving PDCCH for a new uplink or downlink transmission and the UE remains in the active state. When the inactivity timer expires, the UE enters the inactive (“sleep”) state. The beginning of a DRX cycle is defined by an offset value (called ‘drx-LongCycleStartOffset’). In addition, short DRX cycles can be configured during this inactive state, which are characterized by a length (called ‘drx-ShortCycle’) and an inactivity timer (called ‘drx-ShortCycleTimer’). The same ‘drx-onDurationTimer’ is shared by the short and long DRX cycles. Besides, the long DRX cycle duration is an integer multiple of the short DRX cycle duration. Both are configured in Section 6.3.2 of TS 38.331 [5] with integer values and may not necessarily be aligned with the measurement gap periodicity. In that case, it may happen that some measurement gaps can be overlapped with a DRX active time during which XR data are being transmitted. The inactivity timer may then expire during a measurement gap, which may cause the UE to enter the inactive state for the remainder of the DRX cycle. Then, the delivery of the XR traffic is further delayed until the start of the next DRX cycle, such that the QoS requirements may not be satisfied and the PDUs delivered outside the PDB to be discarded. Note that it can also impact the delivery of subsequent XR burst traffic, even if they do not overlap with a measurement gap.
Proposal 4: 	The impact of the DRX mechanism on the XR traffic and the RRM measurement needs to be considered in Rel-19.
Extension to Multi-Modality Flows
The impact of the measurement gaps and of the scheduling restrictions is expected to be more severe in Rel-19 XR scenarios when multi-modality flows are supported, each with possibly different QoS requirements. The scheduling of the different data transmissions is performed more frequently than for single flow traffic considered in Rel-18 XR scenarios. It is not clear if the techniques proposed for single-flow measurement gap enhancements and scheduling restriction relaxation are sufficient or need to be extended.
Proposal 5: 	The enhancement of the RRM measurements and scheduling restrictions in Rel-19 should also consider multi-modality XR traffic flows.
Summary
In this contribution, we discussed some enhancements to enable transmission/reception for XR during RRM measurements. The following lists the observations and proposals made in the contribution:
Proposal 1: 	Specify enhancements for reducing the impact on the capacity and latency of individual UEs due to RRM measurements and scheduling restrictions.
Proposal 2: 	Dynamic (de)activation of the measurement gaps can be considered as a solution to mitigate the impact of RRM measurement gaps. FFS: criteria and conditions for good balance between the measurement accuracy and the timely transmission of the XR data.
Proposal 3: 	Temporarily prioritizing XR traffic over measurements can be considered as a solution to relax scheduling restrictions. FFS: criteria and conditions for good balance between the measurement accuracy and the timely transmission of the XR data.
Proposal 4: 	The impact of the DRX mechanism on the XR traffic and the RRM measurement needs to be considered in Rel-19.
Proposal 5: 	The enhancement of the RRM measurements and scheduling restrictions in Rel-19 should also consider multi-modality XR traffic flows.
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