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[bookmark: _Hlk510705081]During RAN1#111, two items were recommended for WI on XR enhancements for NR from RAN1 perspective for capacity enhancement [1]:
· Multiple CG PUSCH transmission occasions in a period of a single CG PUSCH configuration;  
· Dynamic indication of unused CG PUSCH occasion(s) based on UCI (e.g., CG-UCI or a new UCI) by the UE.  

In addition to the above, the following item related to capacity enhancement reached no consensus in RAN1#111 [1]:
	Conclusion
No consensus on the following:
Enhancements on RRM to relax scheduling restriction for at least for intra-frequency RRM without MGs in FR2 and for inter-frequency RRM with MGs 



This contribution shares the view related to XR Rel18 WID scope, particularly, discusses the scheduling restrictions for intra-frequency RRM without MGs in FR2 and for inter-frequency RRM with MGs aiming to resolve the no consensus issue mentioned above.

Scheduling restrictions due to RRM measurements
In this section we discuss the impacts of scheduling restrictions imposed by RRM measurements in intra- and inter-frequency case and propose possible methods to avoid the capacity impact due to these. In Section 2.1 we discuss the UE based methods to avoid the impact due to scheduling restrictions, and in Section 2.2 and 2.3 the network based schemes. 

[bookmark: _Ref115268037][bookmark: _Ref115097251]UE based scheduling restrictions avoidance
As discussed during RAN1 XR SI, UEs performing RRM measurements does not come for free, as there are cases where this imposes scheduling restrictions, either due to potential measurement gaps for inter-frequency RRM measurements, or alike restrictions for FR2 intra-frequency RRM measurements as discussed in greater details in this section.

In line with the Rel-17 XR simulation assumptions (3GPP TR 38.838 [2]) for FR2, UEs are equipped with multiple antenna panels, where UEs may only be able to measure (and Tx/Rx) on a single panel at a time. The UE selects its best antenna panel for Tx/Rx with its serving cell based on UE implementation specific measurements decision algorithm. The UE also perform intra-frequency RRM measurements for mobility and beam management purposes. However, for FR2 operation, it is important to notice that there are additional scheduling restrictions due to intra-frequency RRM measurements that challenge the XR performance. Notice that earlier FR2 XR performance results included in the Rel-17 XR TR 38.838 did not consider the effects of such measurement restrictions. 
As per current NR specifications, the network configures the UE when to measure RSRP from e.g., SSBs by means of RRC signalling of the so-called SMTC (see section 5.5.2.10 in 38.331). The time-resolution of SMTC is on subframe level, corresponding to 1 ms intervals. It should be noted that the SMTC only instruct the UE when (in time domain) it could/should measure RSRP, while it is left completely open for UE implementation exactly when to measure, and which antenna panel to be used for conducting such measurement during those opportunities (SMTC measurement windows). 
Scheduling restrictions apply for any of the time-intervals where the UE may be performing e.g., RSRP measurements as per the SMTC configuration (38.133, Section 9.5.6.3). As it is not known when the UE performs measurements, the restrictions apply for all SMTC windows from a network scheduling point of view. In particular for FR2 and L1-RSRP on SSB, “The UE is not expected to transmit PUCCH/PUSCH/SRS or receive PDCCH/PDSCH/CSI-RS….”. Accounting that scheduling restrictions applies on SSBs to be measured, starting from one symbol before and ending one symbol after, it in practice means that every slot where SSBs are to be measured is restricted from scheduling according to the RAN4 restrictions, resulting that nearly 20% of the time the network cannot assume being able to schedule the UE if 64 SSBs are to be measured when assuming SMTC windows of 5ms every 20ms time-period. 
Secondly, current NR specs do not mention anything related to how/when the UE shall/may measure on different antenna panels, and when to only measure on its currently selected best antenna panel (aligned with serving cell). The timing of the SMTC windows of 5 ms with scheduling restrictions, as well as the arrival of XR frames is illustrated in Fig. 1. As can be seen, the SMTC induced scheduling restrictions come every 20 ms, while the average XR frame inter-arrival time is 16.6 ms (assuming 60 fps). On top of that, each XR frame arrival is subject to +/-4ms jitter as illustrated with the dashed line. From that figure it is visible that the SMTC windows with scheduling restrictions often collide with time periods where the gNB would need to schedule the XR transmission. This will impact the experienced XR QoE, as well as negatively impacting the obtained network XR capacity. The reason for this is that measurements are currently having higher priority than data transmissions which leads to scheduling restrictions (or scheduling availability). 
[image: ]
Figure 1. Sketch of timing of SMTC windows with scheduling restrictions as well as arrival of XR frames.

Observation 1: There may be scheduling restrictions 20% of the time if 64 SSBs are to be measured when assuming SMTC windows of 5ms every 20ms time-period.
In order to further assess the system-level performance degradation from the mentioned scheduling restrictions, we have been running a series of FR2 system-level simulations in line with the assumptions in 3GPP TR 38.838 [2], considering only DL XR traffic. We have conducted simulations without any scheduling restrictions (as companies also report in TR 38.838) and simulations with scheduling restrictions considering the following SMTC configurations:
· SMTC 1: SMTC window of 5 ms within 20 ms time period (also captured in RAN1 endorsed TP [3]).
· SMTC 2: SMTC window of 3 ms within 20 ms time period.
· SMTC 3: SMTC window of 2 ms within 20 ms time period.
· SMTC 4: SMTC window of 5 ms within 40 ms time period.
· SMTC 5: SMTC window of 2 ms within 40 ms time period.

These simulations are conducted for traffic with a PDB of 10 ms and 15 ms and a source data rate of 30 Mbps, assuming the default setting of 60 fps. The simulated scenario is Dense Urban (DU) with details given in [4]. Fig. 2 as well as Table 1 summarize the performance, and it is clearly observed that including the effects of such scheduling restrictions will severely reduce the XR capacity for most of the SMTC windows. 
Table 1. Number of satisfied XR users per cell for different SMTC configurations in FR2, DU, 30 Mbps
	 
	CG (PDB: 15ms)
	AR/VR (PDB: 10ms)
	Capacity loss w.r.t. no scheduling restrictions

	
	
	
	CG (PDB: 15ms)
	AR/VR (PDB: 10ms)

	W/O scheduling restrictions
	9 UEs
	7 UEs
	-
	-

	SMTC 1 (20,5)
	6.2 UEs
	3.1 UEs
	31%
	56%

	SMTC 2 (20,3)
	8 UEs
	5.1 UEs
	11%
	27%

	SMTC 3 (20,2)
	8.5 UEs
	6.5 UEs
	6%
	7%

	SMTC 4 (40,5)
	7.3 UEs
	4.1 UEs
	19%
	41%

	SMTC 5 (40,2)
	8.6 UEs
	6.6 UEs
	4%
	6%
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(a) CG in FR2 at 30Mbps 
	[image: ]
(b) AR/VR in FR2 at 30Mbps


Figure 2. Percentage of satisfied XR users obtained from system-level simulations for DU at FR2 with 30 Mbps and 99% of XR frames received within PDBs of 10ms and 15 ms, with/without scheduling restrictions during SMTC windows.
This leads us to draw the following observation:
Observation 2: Scheduling XR users with 60 fps according to the agreed QoS constraints in 3GPP TR 38.838 is seriously challenged for FR2 when subject to scheduling restrictions, e.g., capacity loss is ranging from 6% to 56% and PDB=10 ms as well as from 4% to 31% for PDB = 15 ms for various SMTC configurations.

The current NR specs also allow the network to configure the UE with a search threshold (s-MeasureConfig) for a UE in connected mode to enable reduction of the intra-frequency measurement effort. 3GPP TS 38.331 defines:
· s-MeasureConfig: Threshold for NR SpCell RSRP measurement controlling when the UE is required to perform measurements on non-serving cells. Choice of ssb-RSRP corresponds to cell RSRP based on SS/PBCH block and choice of csi-RSRP corresponds to cell RSRP of CSI-RS. 
If the network has configured the s-MeasureConfig threshold allowing the UE not to perform measurements on non-serving cells, including the intra-frequency neighbor cells, this may reduce the scheduling restrictions. Hence, this may lead to unused scheduling opportunities in those cases where the UE is not performing intra-frequency measurements, but as the network is not aware of when the threshold is met on UE side, network will have to obey the defined scheduling restrictions. 
Observation 3: If the network has configured the s-MeasureConfig threshold (as per current specs) allowing the UE not to perform measurements on non-serving cells, there may be scheduling opportunities which cannot be used by the network in those cases where the UE is not performing intra-frequency measurements.  However, as the network is not aware of this, it obeys the defined scheduling restrictions.
It would therefore be an advantage in UE and network performance to enable network awareness on whether the UE performs intra-freq measurements (as per the s-MeasureConfig criteria), so it knows if scheduling restrictions apply. It is therefore proposed that the UE informs the gNB (network) when it is, or is not, having scheduling restrictions due to performing intra-frequency measurements if the UE is configured with s-MeasureConfig. Such UE to gNB signaling may be specified by means of PHY or MAC layer signaling. There needs to be one indication to inform when the UE applies the scheduling restrictions due to such RRM measurements, and one to indicate when such scheduling restrictions no longer apply. This way, the gNB MAC scheduler can account for the potentially applied scheduling restrictions on UE (due to performing intra-frequency measurements), and benefit from the increased scheduling opportunities when no scheduling restrictions are present. As the UE evaluate the s-MeasureConfig against its L3 filtered serving cell measurement, the proposed UE-2-gNB signaling does not necessarily need to be very fast, and hence higher-layer signaling could be considered as follows:
Proposal 1: Specify UE-to-gNB signaling to make gNB scheduler aware of when scheduling restrictions apply for UEs that are configured with s-MeasureConfig (e.g., MAC CE or RRC signaling) [RAN2].
The exact gain of the proposal depends on the network topology and how the operator chose to set s-MeasureConfig. If s-MeasureConfig is set so that only few percentage of the UEs per cell actually perform intra-freq measurements, the XR capacity gains shown in Fig. 2 would be largely be valid. For cases where the network operator, e.g., set s-MeasureConfig so that on average 50% of the UEs are making intra-freq RRM measurements, the effective gains would be at least half of those results reported in Fig. 2. Hence, the gains are still significant. 

[bookmark: _Ref115097241]Network based scheduling restrictions avoidance due to inter-freq meas. gaps
As discussed in RAN1 meetings, measurement gaps (MG) for performing inter-frequency RRM measurement will also induce scheduling restrictions, having alike negative effects as discussed in Section 2.1, for gap-assisted UEs (see e.g. 3GPP TS 38.300). Whether a measurement is non-gap-assisted or gap-assisted depends on the capability of the UE, the active BWP of the UE and the current operating frequency. For SSB based inter-frequency measurement, if the measurement gaps are required by the UE, a measurement gap configuration will be provided according to the information. Otherwise, a measurement gap configuration is always provided in the following cases: (i) if the UE only supports per-UE measurement gaps, (ii) if the UE supports per-FR measurement gaps and any of the serving cells are in the same frequency range of the measurement object. During inter-frequency measurement gaps, the UE is not schedulable. Typically, the network configures the UE to perform inter-frequency measurements more seldomly as compared to intra-frequency RRM measurements, for instance only if RRM measurement event A2 (serving cell quality is lower than threshold) is triggered, if the UE asked to start measuring cells on other frequencies for potential inter-frequency handovers. The leads to the following observations:
Observation 4: UEs that are configured with gap-assisted inter-frequency measurements are not schedulable during such gaps, and hence will impact the XR performance negatively as also reported in Section 2.1.
Observation 5: Inter-frequency measurement gaps are configured more seldomly for UEs while intra-frequency RRM measurements (SMTC windows) are continuous, and hence the problems associated with intra-freq RRM measurements (i.e., scheduling restrictions) shall be addressed first.
Considering also the XR uplink traffic with Pose information every 4ms, the impact of measurement gaps presents even more challenges as compared to those for DL XR traffic with 60 frames per second. 
A possible solution to address XR scheduling problems caused by the UE performing gap assisted inter-frequency measurement may encompass introducing on-demand mechanisms where the gNB can signal to the UE to skip the measurement gap shortly before entering such gaps, and hence enable scheduling of the UE during the gap. This would essentially allow the gNB to temporarily de-activate an inter-frequency measurement gap on-demand that would otherwise prevent the gNB to timely schedule the XR payload(s). The gNB would take advantage of such techniques when there is urgent XR data pending for scheduling that cannot afford being postponed until after the measurement gap. The gNB-2-UE signaling for this may be realized via a DCI. We therefore propose:
Proposal 2: Specify gNB-2-UE signaling where gNB can signal UE to skip a measurement gap (to avoid scheduling restrictions) for UEs configured with inter-frequency measurement gaps (e.g., DCI) [RAN1, RAN2, RAN4].

Network based scheduling restrictions avoidance in intra-freq at FR2 
As in case of inter-frequency, also the SMTC induced scheduling restrictions in intra-frequency at FR2, discussed in Section 2.1, we also propose to consider the scheme where the gNB can configure a UE to prioritize decoding of potentially critical PDCCH/PDSCH transmissions from its serving cell, even if colliding with SMTC windows where the UE may perform RSRP measurements. This kind of configuration for the UE also serves as instructing to the UE in FR2 to prioritize listening for data scheduling from its serving cell during such time-instances, so the UE does not switch panels at those times for RRM measurements. This would allow the gNB to configure UEs with a time-domain pattern to prioritize PDCCH/PDSCH decoding (even if colliding with SMTC windows) in coherence with the desired XR scheduling (transmission) opportunities. Furthermore, an on-demand solution, as discussed for inter-frequency measurements gaps where the gNB can signal to the UE to disregard scheduling restrictions shortly before entering a window of SMTC scheduling restrictions to de-active the restriction shall be considered. This would essentially allow the gNB to de-active the SMTC window (scheduling restrictions) that would otherwise prevent the gNB to timely schedule the XR payload(s). Given these considerations, we propose the following: 
Proposal 3: Specify gNB-2-UE signaling for the gNB to instruct UE to prioritize PDCCH/PDSCH decoding during a sub-set of SMTC windows in FR2 (e.g., RRC signaling) [RAN2, RAN4].
Secondly, as proposed above for inter-frequency measurement gaps, we should consider a dynamic solution also for FR-2 scheduling restrictions, where the gNB, shortly before (e.g., up to few milliseconds) an SMTC, should be able to signal the UE to prioritize PDCCH/PDSCH decoding during this particular SMTC window. We refer to this as the on-demand solution as it is sent on-demand to prioritize scheduling for a single SMTC window. For this, we propose to use fast layer-1 signaling in the form of PDCCH signaling.
Proposal 4: Specify gNB-2-UE signaling to instruct UE to prioritize PDCCH/PDSCH decoding during the next SMTC window by means of PDCCH signaling in FR2 [RAN1, RAN2, RAN4]. 
The actual scheduling of the measurements is up to the UE. Thus, for a given measurement gap or scheduling restriction, it is up to the UE determine how and to which measurements the said occasion is used. If the occasion would have been intended by the UE for neighbor cell measurements, and UE could not re-schedule and compensate the loss of L1 RRM measurement sample in a latter occasion, it might be necessary to account this in L3 measurement sample. As is specified in the RRC specifications (3GPP TS 38.331), the layer-1 (L1) RRM measurements are further filtered at Layer-3 (L3) as configured in the mobility measurement object with the purpose of e.g., removing the impact of fast fading. The L3 filtered RRM measurements are those that are typically used to trigger RRM events such as e.g., A3 as commonly used for handovers. The L3 filter is of the type infinite impulse response (IIR), assuming input sample of L1 RRM measurements at a regular interval. For cases proposed above where UE prioritizes PDCCH/PDSCH decoding during a SMTC window or measurement gap, and hence is skipping one L1 RRM measurement, it shall therefore be defined how this is handled at the interface to the L3 filter. For such cases we propose adopt a simple solution, where the latest L1 RRM measurement is forwarded to the L3 filter, if the anticipated L1 RRM measurement is skipped due to prioritization of PDCCH/PDSCH decoding in an SMTC window. This would essentially mean that no spec changes are needed for the L3 RRM filtering mechanism in the RRC specifications.
Observation 6: If a L1 RRM measurement in a measurement gap or SMTC window is skipped due to prioritization of PDCCH/PDSCH, the latest L1 RRM measurement is forwarded to the L3 filter at RRC. During the Rel-18 XR WI phase, it should be checked with RAN4 if any impact on e.g., 3GPP TS 38.133 from adopting this proposal.

Summary of mechanism related to scheduling restrictions due to RRM measurements
The proposed mechanism related to scheduling restrictions due to RRM measurements can be summarized as below. 
Scheduling restrictions apply for the UEs during time-intervals where it is performing intra-frequency RRM measurements at FR2, or gap assisted inter-frequency RRM measurements as defined in 3GPP TS 38.133. Such scheduling restrictions are shown to be harmful for the XR performance, leading to significant drops in the supported XR capacity. System-level performance results confirm that this severely impacts network XR capacity. The problem can be solved by gNB-2-UE signaling (e.g., RRC or MAC CE) when UE shall prioritize PDCCH/PDSCH decoding and/or PUSCH transmission in line with XR traffic, even if colliding with SMTC windows. 
For UEs that are configured with s-MeasureConfig, additional UE-to-gNB signaling shall be introduced to make the gNB scheduler aware of when scheduling restrictions apply. The solution may include signaling when the UE starts and stops making intra-freq measurements as per the s-MeasureConfig. The UE-to-gNB signaling to make the gNB scheduler aware of when s-MeasureConfig induced scheduling restrictions apply could be realized with higher-layer signaling such MAC CE or RRC signaling.
For UEs configured with inter-frequency measurement gaps, solutions where the gNB can signal the UE to skip a measurement gap shortly before that happening (to avoid scheduling restrictions) are desirable as well. The gNB-2-UE signaling for this may be realized via a DCI to have fast signaling.
If a L1 RRM measurement in a measurement gap or SMTC window is skipped due to prioritization of PDCCH/PDSCH, the latest L1 RRM measurement is forwarded to the L3 filter at RRC. Adopting such a rule for L1/L3 RRM filtering will likely impact 3GPP TS 38.133 that is under RAN4 responsibility.

Conclusion
In this contribution, we discussed our view on the scope of XR WID. 
The following observations have been made:
Observation 1: There may be scheduling restrictions 20% of the time if 64 SSBs are to be measured when assuming SMTC windows of 5ms every 20ms time-period.

Observation 2: Scheduling XR users with 60 fps according to the agreed QoS constraints in 3GPP TR 38.838 is seriously challenged for FR2 when subject to scheduling restrictions, e.g., capacity loss is ranging from 6% to 56% and PDB=10 ms as well as from 4% to 31% for PDB = 15 ms for various SMTC configurations.
Observation 3: If the network has configured the s-MeasureConfig threshold (as per current specs) allowing the UE not to perform measurements on non-serving cells, there may be scheduling opportunities which cannot be used by the network in those cases where the UE is not performing intra-frequency measurements.  However, as the network is not aware of this, it obeys the defined scheduling restrictions.
Observation 4: UEs that are configured with gap-assisted inter-frequency measurements are not schedulable during such gaps, and hence will impact the XR performance negatively as also reported in Section 2.1.
Observation 5: Inter-frequency measurement gaps are configured more seldomly for UEs while intra-frequency RRM measurements (SMTC windows) are continuous, and hence the problems associated with intra-freq RRM measurements (i.e., scheduling restrictions) shall be addressed first.
Observation 6: If a L1 RRM measurement in a measurement gap or SMTC window is skipped due to prioritization of PDCCH/PDSCH, the latest L1 RRM measurement is forwarded to the L3 filter at RRC. During the Rel-18 XR WI phase, it should be checked with RAN4 if any impact on e.g., 3GPP TS 38.133 from adopting this proposal.

We propose the following to be considered as part of WID for Rel18 XR:
Proposal 1: Specify UE-to-gNB signaling to make gNB scheduler aware of when scheduling restrictions apply for UEs that are configured with s-MeasureConfig (e.g., MAC CE or RRC signaling) [RAN2].
Proposal 2: Specify gNB-2-UE signaling where gNB can signal UE to skip a measurement gap (to avoid scheduling restrictions) for UEs configured with inter-frequency measurement gaps (e.g., DCI) [RAN1, RAN2, RAN4].
Proposal 3: Specify gNB-2-UE signaling for the gNB to instruct UE to prioritize PDCCH/PDSCH decoding during a sub-set of SMTC windows in FR2 (e.g., RRC signaling) [RAN2, RAN4].
Proposal 4: Specify gNB-2-UE signaling to instruct UE to prioritize PDCCH/PDSCH decoding during the next SMTC window by means of PDCCH signaling in FR2 [RAN1, RAN2, RAN4]. 
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