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1 Introduction
For RAN Rel-19, a new WID has been approved in RAN#102 with the following work on XR enhancements: multi-modality, enhancements to enable transmission/reception in gaps/restrictions caused by RRM measurements, enhancements for scheduling, user plane enhancements and so on. The RAN1-led objective in Rel-19 XR phy3 objectives is as follows:
	(Copied from RP-234057 [1])
4	Objective
4.1	Objective of SI or Core part WI or Testing part WI
…
· 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 enhancements to enable transmission/reception in gaps/restrictions that are caused by RRM measurements, including RRM measurements with measurement gaps, RRM measurements without measurement gaps etc. 
2 Discussions
Scheduling restrictions due to RRM measurements
In the current spec, the RRM measurements can be classified from the following three dimensions:  1) Depending on whether the centre frequency of the SSB of the serving cell and of the neighbour cell are the same or different, the RRM measurements can be classified into intra-frequency measurement and inter-frequency measurement; 2) The RRM measurements can be classified into SSB based measurements and CSI-RS based measurements as per the types of the signals to be measured; 3) From the perspective of whether measurement gap is configured or not, RRM measurements can be classified into measurements with and without measurement gaps [2]. 
Therefore, the RRM measurements can be summarized as in the following tables. The ‘√’ in Table 1 and Table 2 means that the corresponding scenarios of the entries are supported in the current spec. All these scenarios may have scheduling restrictions and will be analysed in following sections.
[bookmark: _Ref157272586]Table 1 Scenarios of SSB based measurements
	
	inter-frequency measurements
	intra-frequency measurements

	with measurement gaps
	√
	√

	without measurement gaps
	√
	√


[bookmark: _Ref157272607]
[bookmark: _Ref157422192]Table 2 Scenarios of CSI-RS based measurements.
	
	inter-frequency measurements
	intra-frequency measurements

	with measurement gaps
	√
	N/A

	without measurement gaps
	N/A
	√



Scheduling restrictions of UE with/without measurement gaps
· Scheduling restrictions of UE with measurement gaps
In current spec, measurement gaps can be configured for SSB measurements if the UE indicates ‘gap’ via NeedForGapNCSG-InfoNR, and the SSB is not completely contained in the active BWP of the UE. For CSI-RS based measurements, a measurement gap can be provided if a CSI-RS based inter-frequency measurement is provided.
From the perspective of scheduling restrictions, the scheduling availability for SSB and CSI-RS based measurements with measurement gaps are same and have similar impacts on XR traffic. During the measurement gap duration, the UE will not transmit on UL-SCH except for Msg3 or the MSGA payload, not monitor the PDCCH, not receive on DL-SCH and so on [3]. This scheduling restrictions are shown as follows:
	Copied from Clause 5.14 in TS 38.321
During an activated measurement gap, the 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 [5]:
1>	not perform the transmission of HARQ feedback, SR, and CSI;
1>	not report 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, or if there is an ongoing RACH-less LTM cell switch, or if there is an ongoing RACH-less handover in a terrestrial network:
2>	monitor the 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.


Here, a simple analysis about the impacts of the scheduling restrictions caused by measurement gaps for delay-sensitive traffic such as XR is given.
Assume that the measurement gap repetition period (MGRP) is 40ms, the measurement gap length (MGL) is 6ms, the periodicity of XR traffic is 1/60s and PDB is 10ms. For each frame, available delivery time is equal to PDB. If UE is configured with such measurement gaps, nearly 14.9% of available delivery time will be interrupted by measurement gaps.
[image: ]
Figure 1. Impacts of scheduling restrictions on XR traffic due to measurement gap
[bookmark: _Ref158137214]Observation 1: For UE with measurement gaps, nearly 14.9% of delivery time will be interrupted by measurement gaps for the case of 60fps, 10ms PDB, MGRP 40ms and MGL 6ms.
· Scheduling restrictions of UE without measurement gaps
In current spec, UE can perform SSB based/CSI-RS based measurements without measurement gaps under some conditions, for example, if the SSB is completely contained in the active BWP of the UE, or the active downlink BWP is initial BWP and so on.
For the measurements without measurement gaps, there are still scheduling restrictions. For instance, UE is not expected to transmit (or receive data on SSB symbols) on 1 (or K) data symbol before each consecutive SSB symbols to be measured and 1 (or K) data symbol after each consecutive SSB symbols to be measured within SMTC window duration. Similarly, there are also scheduling restrictions on the corresponding CSI-RS resource symbols [2].
The scheduling restrictions caused by measurements without measurement gaps may exist in multiple scenarios and most of the scheduling restrictions have symbol-level impacts on XR traffic. There is a corner case that UE is not expected to transmit or receive on all symbols within SMTC window duration if deriveSSB_IndexFromCell is not enabled when UE performing SSB based measurements with a different subcarrier spacing than PDSCH/PDCCH on FR1.
In this following part, an illustrative analysis about the impacts of the scheduling restrictions caused by measurements without measurement gaps is given. We assume that the duration of the SSB-based measurement timing configuration (SMTC) is 5ms. SMTC indicates the SSB configuration delivered by gNB to a UE when the UE performs SSB-based measurement on a cell. The periodicity of SMTC assumed is 20ms and 160ms. The percentage of the time that the scheduling restrictions exist for different SCS and different number of SSB symbols to be measured is summarized in Table 3. E.g., for the SCS=30kHz, the percentage of the time that the scheduling restrictions exist is from 0.625% to 10% when the SMTC periodicity is 160ms and 20ms.
[bookmark: _Ref157957867]Table 3 Percentage of time that scheduling restrictions exist for different SCS and different number of SSB symbols to be measured
	[SCS (kHz), # of SSB symbols to be measured]
	Percentage of time that scheduling restrictions exist

	
	SMTC periodicity = 160ms
	SMTC periodicity = 20ms

	[15, 4]
	1.25%
	10%

	[15, 8]
	2.5%
	20%

	[30, 4]
	0.625%
	5%

	[30, 8]
	1.25%
	10%

	[120, 64]
	2.5%
	20%


[bookmark: _Ref158137224]Observation 2: For UE without measurement gaps, the percentage of time that the scheduling restrictions exist is from 0.625% to 10% when the SMTC periodicity is 160ms and 20ms for SCS=30kHz.
Overall, both RRM measurements with and without measurement gaps have impacts on XR traffic, and the impacts depend on the MG/SSB/CSI-RS configuration (e.g. periodicity, length, number of symbols to be measured). For measurements with/without measurement gaps, a unified solution to relax the scheduling restrictions can be considered.
[bookmark: _Ref158137228]Observation 3: Both RRM measurements with and without measurement gaps have impacts on XR traffic, and the impacts depend on the MG/SSB/CSI-RS configuration (e.g. periodicity, length, number of symbols to be measured).
Scheduling restrictions of inter/intra frequency measurements
As stated above, the SSB based measurements can be classified into intra-frequency and inter-frequency measurement according to the centre frequency of the SSB of the serving cell and of the neighbour cell are the same or different. Similarly, the CSI-RS based measurements also can be categorized into intra-frequency measurement and inter-frequency measurement.
For SSB based measurements with measurement gaps, the scheduling restrictions caused by inter-frequency and intra-frequency measurements have the same impacts on XR traffic. Similarly, the scheduling restrictions caused by inter-frequency and intra-frequency measurements also have the same impacts on XR traffic when SSB based measurements are performed without measurement gaps. 
For CSI-RS based measurements, inter-frequency measurements are always configured with measurement gaps and intra-frequency measurements are performed without measurement gaps. 
Therefore, a unified solution to relax the scheduling restrictions can be considered for inter/intra frequency measurements.
 Enabling TX/RX for XR during RRM measurements                                                                                                                                                                 
Relaxation of scheduling restrictions caused by RRM measurements is needed to improve XR capacity. It is essential to balance the trade-off between having accurate measurements and ensuring the performance of delay-sensitive traffic.
In order to relax the scheduling restrictions caused by RRM measurements for XR traffic, the following mechanisms can be considered:
· Dynamic signaling based
A straightforward solution to relax the scheduling restrictions caused by RRM measurements is introducing a dynamic signalling to cancel scheduling restrictions and enable UE to transmit/receive on the gaps/restricted symbols. Both explicit and implicit dynamic signalling can be considered.
Explicit dynamic signalling: An example of cancelling the measurement gaps through explicit signalling is shown as Figure 2. This method is flexible. But the signalling overhead is heavy. In addition, signalling delay is non-negligible and may even cause misalignment between UE and gNB. To solve this issue, a potential solution is that the signalling can be transmitted by UE/gNB in advance before entering the RRM measurements that cause scheduling restrictions.
[image: ]
[bookmark: _Ref158051273]Figure 2. Example of cancelling the measurement gaps through explicit signalling 
Implicit dynamic signalling: R18 XR introduced delay status report (DSR). If the remaining PDB of buffered data is smaller than a threshold, the UE will send DSR to gNB to get timely scheduling. It is straightforward to utilize this information, i.e., if a UE transmit DSR to gNB, it means the XR data needs to be scheduled timely and thus the corresponding RRM measurements can be cancelled. In this method, there is no extra signalling overhead. 
· Semi-persistent signaling based
Semi-persistent signalling based methods have the benefits of small signalling overhead. The following two methods can be considered:
Priority based method: Priority of data and RRM measurements can be RRC configured to reflect the importance. If the priority of RRM measurements is higher than the priority of data, RRM measurements are executed. Otherwise, the RRM measurements are cancelled.
Overlapping ratio based method: As shown in Figure 3, for each frame, available delivery time is equal to PDB (yellow box in Figure 3). The overlap between XR frame available delivery time and the duration of RRM measurements is marked as blue box in Figure 3. The higher the overlapping ratio, the greater impact on XR traffic. Then, if the overlapping ratio is larger than a RRC configured threshold, the RRM measurements is cancelled and UE can transmit PUCCH/PUSCH and receive PDCCH/PDSCH during the gaps or on the restricted symbols. Otherwise, the RRM measurements are executed. gNB can configure a proper threshold based on historical XR frames delivery time.

[image: ]
[bookmark: _Ref158055213]Figure 3. Example of cancelling the measurement gaps based on overlapping ratio 
In summary, both dynamic signalling based and semi-persistent signalling based mechanism can be considered. We therefore propose:
[bookmark: _Ref158137236]Proposal 1: In order to relax the scheduling restrictions caused by RRM measurements for XR traffic, the following mechanisms can be considered:
· Dynamic signalling based mechanism, e.g., explicit signalling, implicit signalling, etc.
· Semi-persistent signalling based mechanism, e.g., priority based, overlapping ratio based, etc.
3 Conclusions
In this contribution, we provide some views on the scheduling restrictions due to RRM measurements and point out some solutions to relax the scheduling restrictions. The following observations and proposals are given:
Observation 1: For UE with measurement gaps, nearly 14.9% of delivery time will be interrupted by measurement gaps for the case of 60fps, 10ms PDB, MGRP 40ms and MGL 6ms.
Observation 2: For UE without measurement gaps, the percentage of time that the scheduling restrictions exist is from 0.625% to 10% when the SMTC periodicity is 160ms and 20ms for SCS=30kHz.
Observation 3: Both RRM measurements with and without measurement gaps have impacts on XR traffic, and the impacts depend on the MG/SSB/CSI-RS configuration (e.g. periodicity, length, number of symbols to be measured).

Proposal 1: In order to relax the scheduling restrictions caused by RRM measurements for XR traffic, the following mechanisms can be considered:
· Dynamic signalling based mechanism, e.g., explicit signalling, implicit signalling, etc.
· Semi-persistent signalling based mechanism, e.g., priority based, overlapping ratio based, etc.
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