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1. [bookmark: _Toc120549591]Introduction
In RAN#102 meeting, the New WID: XR (eXtended Reality) for NR Phase 3 [1] was approved, including the following objectives of enhancements to enable TX/RX for XR during RRM measurements: 
· [bookmark: _Hlk157093345]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]
[bookmark: _Hlk156808135]This contribution discusses the enhancement schemes to enable transmission/reception for XR in gaps/restrictions that are caused by RRM measurements, including the gNB initiated schemes and UE initiated schemes.
2. Gaps/restrictions caused by RRM measurements
RRM measurements include intra-frequency measurement and inter-frequency measurement. Taking SSB based measurement as an example, a measurement is defined as an SSB based intra-frequency measurement if the centre frequency of the SSB of the source cell and the centre frequency of the SSB of the target cell are the same, and the subcarrier spacings of the two SSBs are also the same. Otherwise, it is inter-frequency measurement.
First, we briefly introduce the configuration of SSBs. In most cases, SSBs are not continuous in the time domain, and UE doesn’t have to search and measure SSBs continuously in the time domain for RRM measurements. Therefore, the SMTC (SSB Measurement Timing Configuration) is introduced to configure the timing occasions at which UE can measure SSBs. Specifically, SMTC consists of periodicity, duration, and offset, where the SMTC window appears periodically with a certain offset in the time domain, and the duration of an SMTC window is fixed for an SMTC configuration. The typical value of periodicity is {5ms, 10ms, 20ms, 40ms, 80ms, 160ms} and the typical value of duration is {1ms, 2ms, 3ms, 4ms, 5ms}. 
Then, we analyze the gaps/scheduling restrictions imposed by RRM measurement, as the following three cases specified in TS 38.133:
· Case 1: Measurement gaps in NR inter/intra-frequency RRM measurement
For inter-frequency measurement, it is usually required to configure measurement gaps for a UE because the UE may need to perform RF tuning to measure the SSB of the target cell. For intra-frequency measurement, UE also needs measurement gap (MG) when SSBs to be measured is not within the active BWP of UE. The configuration of MG consists of measurement gap length (MGL), measurement gap repetition period (MGRP), and gap offset. The supportable MG pattern configurations are provided in Table 9.1.2-1 of TS 38.133, where the value of MGRP is among {20ms, 40ms, 80ms, 160ms}, and the value of MGL is among {1.5ms, 3.5ms, 5.5ms, 3ms, 4ms, 6ms, 10ms, 20ms}. Figure 1 provides two examples of the configuration of MG and SMTC window. During the measurement gaps, UE cannot conduct reception/transmission from/to the corresponding serving cell. 
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Figure 1. Examples of the configuration of SMTC window with MG configured
· [bookmark: _Hlk158217597]Case 2: Scheduling restriction in NR inter/intra-frequency RRM measurement without measurement gap
For inter/intra-frequency RRM measurement without measurement gap, there are restrictions on the scheduling availability, for example, the scheduling availability of UE during intra-frequency measurements is specified in clause 9.2.5.3 of TS 38.133 as the following.
· Measurements in TDD bands on FR1
The UE is not expected to transmit PUCCH/PUSCH/SRS on SSB symbols to be measured, and on 1 data symbol before each consecutive SSB symbols to be measured and 1 data symbol after each consecutive SSB symbols to be measured within SMTC window duration.
· Measurements with a different SCS than PDSCH/PDCCH on FR1
For UEs which do not support simultaneousRxDataSSB-DiffNumerology, if deriveSSB_IndexFromCell is enabled the UE is not expected to transmit PUCCH/PUSCH/SRS or receive PDCCH/PDSCH/TRS/CSI-RS for CQI on SSB symbols to be measured, and on 1 data symbol before each consecutive SSB symbols to be measured and 1 data symbol after each consecutive SSB symbols to be measured within SMTC window duration. If deriveSSB_IndexFromCell is not enabled the UE is not expected to transmit PUCCH/PUSCH/SRS or receive PDCCH/PDSCH/TRS/CSI-RS for CQI on all symbols within SMTC window duration.
· Measurements on FR2
The UE is not expected to transmit PUCCH/PUSCH/SRS or receive PDCCH/PDSCH/TRS/CSI-RS for CQI on SSB symbols to be measured, and on K data symbol(s) before each consecutive SSB symbols to be measured and K data symbol(s) after each consecutive SSB symbols to be measured within SMTC window duration, where the value of K is determined based on the SCSs of data and SSB symbols.
· Case 3: Scheduling restriction in L1-RSRP measurement for reporting
Scheduling availability restrictions also apply when the UE is performing L1-RSRP measurement on serving cell, which are specified in clause 9.5.6 of TS 38.133 as the following.
· L1-RSRP measurement on FR1
When the SSB configured for L1-RSRP measurement has a different SCS than PDSCH/PDCCH, for UEs which do not support simultaneousRxDataSSB-DiffNumerology, the UE is not expected to transmit PUCCH/PUSCH/SRS or receive PDCCH/PDSCH/CSI-RS for tracking/CSI-RS for CQI on symbols corresponding to the SSB indexes configured for L1-RSRP measurement.
· L1-RSRP measurement on FR2
The UE is not expected to transmit PUCCH/PUSCH/SRS or receive PDCCH/PDSCH/CSI-RS for tracking/CSI-RS for CQI on symbols corresponding to the SSB indexes configured for L1-RSRP measurement, and/or symbols corresponding to the CSI-RS resource configured for L1-RSRP measurement. 
As introduced above, the periodicity of MG/SMTC is integer for the previous two cases. However, the periodicity of XR traffic is non-integer, e.g. 16.67ms for 60fps, and the XR packet arrival is subject to a random jitter. Due to the misalignment of periodicities, the arrival time of XR packets may collide with the MG/SMTC window with scheduling restrictions, resulting in transmission/reception delay of the XR packet and decrease in XR capacity.
As for Case 3, the configuration of measurement resources for L1-RSRP measurement is more flexible than the SMTC configuration thus the conflict between measurement occasions and XR traffic is not so serious as in Case 1 and Case 2. Therefore, from our perspective, we should first clarify which cases should be solved in Rel-19 XR WI.
Proposal 1. RAN1 should discuss in which gaps/restrictions cases caused by RRM measurements the enhancements are needed to enable UE transmission/reception, including:
· Measurement gaps in NR inter/intra-frequency RRM measurement;
· Scheduling restriction in NR inter/intra-frequency RRM measurement without measurement gap;
· Scheduling restriction in L1-RSRP measurement for reporting.
3. Enhancements to enable TX/RX for XR in MGs/SMTC windows
As introduced in the previous section, the MGs and SMTC windows with scheduling restrictions will negatively impact the capacity performance of XR. To minimize the impact of RRM measurements on XR capacity, enhancement mechanisms should be specified to enable transmission/reception in gaps/restrictions that are caused by RRM measurements. 
In general, the enhancement schemes can be divided into two categories, including the UE initiated schemes and the gNB initiated schemes. In the following sections, we will discuss the enhancement schemes from these two aspects.
1 
2 
3 
3.1 gNB initiated schemes
From the perspective of gNB, although the MG/SMTC pattern is configured to a UE, the gNB can deactivate or skip some MGs/SMTC windows through a gNB-to-UE signaling, such that the TX/RX for XR is enabled in these time durations. For example, when the DL traffic load is high and the network has a high demand for data, the network could require the UE to receive the scheduled data rather than perform measurement during some specific MGs/SMTC windows. During the other MGs/SMTC windows, the UE is still required to perform measurements.
However, the measurement behavior is up to the UE implementation/capability, e.g., how many MGs are required or which SSBs will be used to satisfy the RRM measurement requirement. The gNB will not know which MGs/SMTC windows should be deactivated or skipped if without UE’s assistance. So, before the gNB decides to deactivate or skip some MGs/SMTC windows, the measurement related information should be reported by UE to help gNB make reasonable decisions. 
With respect to the information reported by UE, if MG is configured for RRM measurement, it could be the number of MGs required for measurement in a certain time period. For a UE with advanced processing capability or good channel quality, the number of MGs to be used in the time period for RRM measurement may be less than the number configured/specified. For instance, assuming the number of MGs required to satisfy the RRM measurement requirement is at most P, a capable UE may only require Q<P MGs. If the UE reports this information, the gNB can be aware of that there are P-Q MGs will not be used for measurement and can be used for data scheduling. Similarly, if MG is not configured for RRM measurement, the information reported by UE could be the number of SMTC windows or SSBs required for measurement in a time period.
Another issue that should be discussed is how UE to report the measurement related information. From our perspective, a UE-to-gNB signaling can be used to make the gNB be aware of that which MGs/SMTC windows will not be used for RRM measurement. Since the information depends on the UE capability and channel quality which may not change so frequently, some semi-static UE-to-gNB signaling, e.g., MAC CE or RRC signaling can be considered without the Layer 1 signaling design.
Proposal 2. Support to specify a UE-to-gNB signaling, e.g., MAC CE or RRC signaling to make gNB be aware of which MGs/SMTC windows will not be used for RRM measurement.
Proposal 3. Consider the following measurement information to be reported by the UE-to-gNB signaling:
· In case of RRM measurement with measurement gap:
· The number of required measurement gaps in a time period
· In case of RRM measurement without measurement gap:
· The number of required SMTC windows in a time period
· The number of required SSBs in a time period
Furthermore, how to trigger the UE reporting also should be discussed. One option is that the UE reporting is triggered by a network request, while the other one is that the time occasions of reporting are up to UE, e.g., as the variation of channel conditions, the number of MGs/SMTC windows required for measurement may change and UE could report the updated information to gNB.
Proposal 4. Regarding how to trigger the UE reporting of measurement information, consider the following two options:
· Option 1: The UE reporting is triggered by the network request.
· Option 2: The time occasions of reporting are up to UE.
As per the measurement related information reported by UE, the gNB could know the number of MGs/SMTC windows will not be used for RRM measurement and could further deactivate or skip some MGs/SMTC windows through a gNB-to-UE signaling to enable TX/RX for XR in these MGs/SMTC windows. Regarding the content of the gNB-to-UE signaling, the following options can be considered:
· Option 1: Positions of the MGs/SMTC windows that are used for measurement, positions of the MGs/SMTC windows that are used for data scheduling, or a use pattern of MGs/SMTC windows in a time period
· Option 2: A new periodicity P1, which is larger than the periodicity P of MGs/SMTC windows
For Option 1, which MGs/SMTC windows in the time period T could be used for measurement/data scheduling, or the use pattern of MGs/SMTC windows in the time period T is signaled to the UE. In general, the time period T can be a fixed time, such as 200ms, 600ms, etc, or it can be K multiples of the periodicity of MGs/SMTC windows, where K is a nonnegative integer.
Option 2 provides a larger periodicity P1, which means that the periodicity of MGs/SMTC windows that are actually used for measurement is larger than that originally configured. For example, P1=KP is provided to UE such that only one of the K MGs/SMTC windows is used for measurement. Compared to Option 2, Option 1 has higher flexibility of deactivating MGs/SMTC windows but larger signaling overhead.
Figure 2 and Figure 3 provide examples for Option 1 and Option 2, respectively. As shown in Figure 2, there are 3 MGs within the time period T, and the UE is instructed to measure in MG#1 and receive the DL XR packets in MGs#2 and #3. As depicted in Figure 3, the periodicity of the MGs that are actually used for measurement, i.e., P1=60ms is informed to UE. So, UE will not perform measurements in MG#2 and MG#3.


Figure 2. An example of Option 1


Figure 3. An example of Option 2
Besides, regarding how to transmit the gNB-to-UE instruction, both dynamic signaling and semi-static signaling can be considered. For example, when the jitter range of XR packet arrival is large, the use pattern of MGs/SMTC windows may change rapidly. In this case, a dynamic signaling, e.g., DCI can be used to timely inform the updated use pattern of MGs/SMTC windows to UE. While if the jitter range of XR packet arrival is small, maybe a RRC signaling is more reasonable.
Proposal 5. Support to specify a gNB-to-UE signaling, e.g., DCI or RRC signaling to deactivate some MGs/SMTC windows and thus enable TX/RX for XR in these MGs/SMTC windows.
Proposal 6. Consider the following information to be indicated to UE by the gNB-to-UE signaling:
· Option 1: Positions of the MGs/SMTC windows that are used for measurement in a time period;
· Option 2: Positions of the MGs/SMTC windows that are used for data scheduling in a time period;
· Option 3: A use pattern of MGs/SMTC windows in a time period;
· Option 4: The periodicity of MGs/SMTC windows that are actually used for measurement.
3.2 UE initiated schemes
As discussed in the previous section, gNB can initiate deactivation or skipping of MGs/SMTC windows based on the measurement related information reported by UE and the skipped MGs/SMTC windows can be used for gNB’s dynamic scheduling. However, for UE initiated transmission, e.g., CG PUSCH, gNB doesn’t know which CG PUSCH occasions will be used by UE to transmit PUSCH, which will cause the miss-match between gNB indicated skipped MGs/SMTC windows and UE transmission occasions. In this case, it is more suitable for UE to decide to skip which MGs/SMTC windows. 
Recall that the UTO-UCI indication specified in Rel-18 XR WI can be used by UE to indicate gNB the “unused” and “NOT unused” valid CG PUSCH TO(s). The motivation for introducing UTO-UCI is to inform gNB which CG PUSCH TO(s) will not be used by UE and can be recycled to improve resource utilization. However, when a valid CG PUSCH TO indicated as “NOT unused” overlaps with MGs/SMTC windows, the CG PUSCH TO cannot be used to transmit PUSCH as per the current specification. So, to enable transmission/reception in gaps/restrictions, the Rel-18 UTO-UCI framework can be enhanced. Specifically, for the CG PUSCH TOs overlapping with MG/SMTC window(s), if they are indicated as “NOT unused” by UTO-UCI, UE is expected to conduct the UL transmission in these CG PUSCH TOs, otherwise, UE is expected to perform RRM measurement, just as the legacy procedure.
Figure 4 gives an example of this method. As can be observed, the CG PUSCH TOs#2 and #3 overlap with MG#1, and they are indicated as “NOT unused” CG PUSCH TOs by the UTO-UCI transmitted in CG PUSCH TO#1. The CG PUSCH TOs#6 and #7 overlap with MG#2, and they are indicated as “unused” CG PUSCH TOs by the UTO-UCI transmitted earlier. To guarantee the performance of UL transmission, it can be assumed that UE transmits UL data in the CG PUSCH TOs#2 and #3 by ignoring the existence of MG#1. Since the CG PUSCH TOs#6 and #7 will not be used for UL transmission, MG#2 is used for RRM measurement as per the network configuration. 
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Figure 4. Illustration of the scheme based on UTO-UCI indication
Proposal 7. Whether to conduct UL transmission or RRM measurement in the MGs/SMTC windows overlapping with CG PUSCH TO(s) can be indicated by UTO-UCI. 
· For the MGs/SMTC windows that overlap with the CG PUSCH TOs indicated as “NOT unused” by UTO-UCI, UE is expected to conduct UL transmission in these MGs/SMTC windows.
· For the MGs/SMTC windows that overlap with the CG PUSCH TOs indicated as “unused” by UTO-UCI, UE is expected to conduct RRM measurement in these MGs/SMTC windows.
4. Conclusions
In this contribution, we discussed the enhancement schemes to enable TX/RX for XR in MGs/SMTC windows with scheduling restriction, and the following proposals are made.
Proposal 1. RAN1 should discuss in which gaps/restrictions cases caused by RRM measurements the enhancements are needed to enable UE transmission/reception, including:
· Measurement gaps in NR inter/intra-frequency RRM measurement;
· Scheduling restriction in NR inter/intra-frequency RRM measurement without measurement gap;
· Scheduling restriction in L1-RSRP measurement for reporting.
Proposal 2. Support to specify a UE-to-gNB signaling, e.g., MAC CE or RRC signaling to make gNB be aware of which MGs/SMTC windows will not be used for RRM measurement.
Proposal 3. Consider the following measurement information to be reported by the UE-to-gNB signaling:
· In case of RRM measurement with measurement gap:
· The number of required measurement gaps in a time period
· In case of RRM measurement without measurement gap:
· The number of required SMTC windows in a time period
· The number of required SSBs in a time period
Proposal 4. Regarding how to trigger the UE reporting of measurement information, consider the following two options:
· Option 1: The UE reporting is triggered by the network request.
· Option 2: The time occasions of reporting are up to UE.
Proposal 5. Support to specify a gNB-to-UE signaling, e.g., DCI or RRC signaling to deactivate some MGs/SMTC windows and thus enable TX/RX for XR in these MGs/SMTC windows.
Proposal 6. Consider the following information to be indicated to UE by the gNB-to-UE signaling:
· Option 1: Positions of the MGs/SMTC windows that are used for measurement in a time period;
· Option 2: Positions of the MGs/SMTC windows that are used for data scheduling in a time period;
· Option 3: A use pattern of MGs/SMTC windows in a time period;
· Option 4: The periodicity of MGs/SMTC windows that are actually used for measurement.
Proposal 7. Whether to conduct UL transmission or RRM measurement in the MGs/SMTC windows overlapping with CG PUSCH TO(s) can be indicated by UTO-UCI. 
· For the MGs/SMTC windows that overlap with the CG PUSCH TOs indicated as “NOT unused” by UTO-UCI, UE is expected to conduct UL transmission in these MGs/SMTC windows.
· For the MGs/SMTC windows that overlap with the CG PUSCH TOs indicated as “unused” by UTO-UCI, UE is expected to conduct RRM measurement in these MGs/SMTC windows.
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