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Introduction
[bookmark: _Hlk101186498]During RAN1 #109 [1], companies have some discussions on the XR specific capacity improvement enhancements, and the following summary can be drawn from the RAN1 #109e agreements [1]:

· DG/CG/SPS enhancement would be further studied as they are listed in the R18 XR SID
· Whether/how to support DG/CG/SPS enhancement in R18 XR WI would be further discussed
· The following 3 category of techniques can be further studied
· Link adaptation enhancement
· Measure gap enhancement
· Inter-UE/intra-UE multiplexing enhancement
· Common principles for assessment of the candidate capacity enhancement technique are:
· Identify the XR-specific issue(s) that the enhancement technique is addressing
· Identify the necessity of the enhancement technique to address the issues
· Identify whether/how the enhancements provide benefit/performance capacity gain
In this contribution, we further discuss the techniques for XR specific capacity improvement enhancements.
Measurements Gap (MG) enhancement
In 5G NR system, measurement gaps are configured to allow UE to do inter-frequency neighbour cell measurement and the corresponding RF tuning for RRM purposes (e.g. mobility, load balancing, CA set-up). MG is a feature specific to mobile network, which is different from WiFi. In measurement gap, NW cannot schedule UE to transmit/receive data. Possible measurement gap length (MGL) and Measurement gap repetition period (MGRP) values in 5G NR are listed in Figure 2 below. 

	Gap Patterns: 
· MGL: more values to accommodate
· Different SMTC durations (1,2,3,4,5 ms)
· Different RF switch time for FR1 (0.5ms) and FR2 (0.25ms)

Note: GP stands for Gap pattern
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Figure 2. Possible measurement gap length (MGL) and Measurement gap repetition period (MGRP) values in 5G NR

Taking gap pattern (GP) 0 in Figure 3 below as an example (MGL=6ms, MGRP=40ms), it means that scheduling is excluded for a 6ms duration every 40 ms.
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Figure 3: An example for measurement gap configuration

This scheduling restriction is critical for efficiently serving XR traffic on NR. We run a system level simulation (SLS) to evaluate the impact of measurement gap as shown in Figure 4 below.
[bookmark: _Hlk101345735]
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[bookmark: _Ref101358358]Figure 4: Capacity – max user number with (90% User @ “99% frame Tx done < 10ms”)

As it can be seen from Figure 4, 
· the XR DL Capacity falls from 10 (no MG) to less than 2 (MGRP=80,MGL=6) and less than 1 (MGRP=40,MGL=6), if all UEs are configured with MG
· [bookmark: _Hlk110528449]the XR DL Capacity falls from 10 (no MG) to 6 (MGRP=80,MGL=6) and less than 2 (MGRP=40,MGL=6), if only the 20% cell-edge UEs are configured with MG
· The capacity loss is much more than 20%

Observation 1: In 5G NR system, measurement gaps (MG) are configured to allow UE to do inter-frequency neighbour cell measurement and the corresponding RF tuning for RRM purposes (e.g. mobility, load balancing, CA set-up). MG is a feature specific to mobile network, which is different from WiFi. In measurement gap, NW cannot schedule UE to transmit/receive data.
· System level simulation in Figure 4 shows that 
· XR DL Capacity falls from 10 (no MG) to less than 2 (MGRP=80,MGL=6) and less than 1 (MGRP=40,MGL=6), if all UEs are configured with MG
· XR DL Capacity falls from 10 (no MG) to 6 (MGRP=80,MGL=6) and less than 2 (MGRP=40,MGL=6), if only the 20% cell-edge UEs are configured with MG
· The capacity loss is much more than 20%

Therefore, it should be exploited to enhance measurement gap for XR with orchestrated gNB/UE coordination, say more dynamic MG activation/deactivation, as current spec only allows RRC reconfiguration to change the MG settings or enable/disable MG.

Observation 2: It should be exploited to enhance measurement gap for XR with orchestrated gNB/UE coordination, say more dynamic MG activation/deactivation
· current spec only allows RRC reconfiguration to change the MG settings or enable/disable MG.

Proposal 1: Support dynamic L1 based MG activation/deactivation for XR capacity enhancement. 
· The structure of a MG is similar to a DRX cycle, both including a duration and a period. This dynamic L1 based MG activation/deactivation is to the MG like R16 WUS is to the CDRX.
On the other hand, from NW side, the Rel-16/Rel-17 defined RRM relaxation criteria, and the link condition can be used to determine how to do the MG activation/deactivation.

Observation 3: From NW side, the Rel-16/Rel-17 defined RRM relaxation criteria
· lowMobilityEvaluation or not-at-cell-edge criteria defined in 5G NR Rel-16
· stationary or not-at-cell-edge criteria defined in 5G NR Rel-17
and the link condition can be used to determine how to do the MG activation/deactivation.
Enhancement of Cross Carrier HARQ Retransmission
For outdoor wide area deployment, TDD patterns favoring UL-heavy or DL-heavy traffic are very common and widely deployed. However, these TDD patterns lead to extra delays, compromising both the latency and the reliability requirements. For example, for PDCCH alignment, and when the packet arrives at the gNB during an UL opportunity, the gNB needs to send a PDCCH for DL scheduling, but it needs to wait for the next DL slot to be able to send PDCCH which leads to extra delay compromising the latency requirement.
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However, if legacy TDD operators are unwilling or unable to change the TDD UL/DL configuration, then some alternative proposals should be put forward to resolve the latency issue for XR applications.

[bookmark: _Hlk101345680]Observation 4: The sub-6 TDD bands are widely deployed for 5G-NR. They suffer however from large latency, penalizing the XR deployment in these bands, and the UL/DL TDD pattern is the bottleneck for the XR latency for deployment on sub-6 TDD bands.

One possible option to explore is the optimization of 5G NR Carrier Aggregation operation to help reduce the latency. Inter-band TDD Carrier Aggregation could be exploited to mitigate the extra alignment delay introduced on a TDD carrier due to UL/DL pattern. 
However, the current 5G NR CA in Rel-15, Rel-16, Rel-17 specs have many limitations in terms of scheduling flexibility and new efficient mechanisms are thus required to allow for flexible cross-carrier scheduling and transmissions in order to reduce the latency. Exploiting the nearest UL opportunity on any carrier for an UL transmission and the nearest DL opportunity on any carrier for a DL transmission should be the target to aim.
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Figure 1: Carrier Aggregation between F1 and F2 in different TDD bands
 
In TDD, the UL/DL TDD pattern is the bottleneck for the XR latency. Currently (Rel-15, Rel-16 and Rel-17), each carrier has its own HARQ pool which leads to a limitation for TDD cross-carriers retransmission scheduling as a HARQ retransmission should take place on the same carrier component (CC) as the initial transmission. 

One potential latency enhancement for cross-carriers scheduling is HARQ retransmissions across CCs, which will lead to latency enhancement in CA with TDD carriers. Hence, the initial HARQ transmission is sent on one particular CC and the associated HARQ retransmissions can be scheduled and sent on another CC. The cross-carriers scheduling proposals are also applicable for: FR1 vs FR2, Unlicensed vs licenced, FDD vs TDD. 
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[bookmark: _Hlk101345704]
One solution to remove this restriction is to design common HARQ processes pool per cell group or in addition to the HARQ process pools defined per CC. 

[bookmark: _Hlk110531372]Another alternative is to exchange information between two HARQ process pools.  Hence, establishing a mapping between the HARQ process for the initial transmission on a specific CC and the HARQ process for the retransmission on another CC.

Proposal 2: Under CA with different TDD patterns, data retransmission can take place on the carrier different from its initial transmission. This can be realized by either 
· Designing common HARQ processes pool per cell group or in addition to the HARQ process pools defined per CC, or
· Establishing a mapping between the HARQ process for the initial transmission on a specific CC and the HARQ process for the retransmission on another CC
Previous discussion of soft-ACK reporting using delta-CQI/MCS in Rel-16/17
In the FL summary of XR capacity [2] in RAN1 #109e, some companies proposed soft-ACK reporting enhancement using delta-CQI/MCS. This kind of enhancement was also discussed in Rel-16/17, and some concerns were brought up during the discussion [3], including

· Necessity of OLLA enhancements: Soft-ACK reporting was proposed to enhance the operation of OLLA. However, with P/SP-CSI reporting the gNB will have up-to-date CQI reports that can be used for accurate MCS selection. Thus, the necessity of further enhancements in OLLA needs to be justified.
· UE power consumption: If the delta-CQI/MCS sent only when NACK occurs, the feedback will rarely occur (e.g., ~1% of the time). However, it should be noted that for the 99% of the cases, there are delta-CQI/MCS computations are running in parallel with the PDSCH decoding process to prepare the delta-CQI/MCS report, yet the 99% of the delta-CQI/MCS reports will not be sent. This means there is a large amount of lost power consumption due to the unneeded 99% of delta-CQI/MCS reports computation.
· Impact to the latency and reliability: If the soft-ACK is reported with existing ACK/NACK, it will impact:
· The UE processing timeline and results in delay in reporting the ACK/NACK, which will impact the overall latency. It should be noted that there is big time difference between the PDSCH processing time and the CSI computation delay/time, hence in order to multiplex the two reports (i.e., delta-CQI/MCS and HARQ) to be sent together, the HARQ-ACK should be delayed until the delta-CQI/MCS computation is completed.
· The HARQ-ACK feedback reliability due to the increase in the HARQ codebook size.
· An ambiguity of the HARQ codebook size if the delta-CQI/MCS is conditional (i.e., sent only when NACK occurs or only when ACK occurs)

Observation 5: The soft-ACK reporting enhancement using delta-CQI/MCS was discussed in Rel-16/17 URLLC. Some concerns were brought up including 
· Necessity of OLLA enhancements with existing P/SP-CSI reporting
· UE power consumption due to the unneeded 99% of delta-CQI/MCS reports computation
· Impact to the latency and reliability due to the increase in the HARQ codebook size and multiplexing of delta-CQI/MCS and HARQ
Proposal 3: The concerns brought up in Rel-16/17 URLLC should be addressed when discussing potential Rel-18 XR capacity enhancement based on soft-ACK reporting enhancement using delta-CQI/MCS.

Conclusion
In this contribution, we have made the following observations and proposals:
Observation 1: In 5G NR system, measurement gaps (MG) are configured to allow UE to do inter-frequency neighbour cell measurement and the corresponding RF tuning for RRM purposes (e.g. mobility, load balancing, CA set-up). MG is a feature specific to mobile network, which is different from WiFi. In measurement gap, NW cannot schedule UE to transmit/receive data.
· System level simulation in Figure 4 shows that 
· XR DL Capacity falls from 10 (no MG) to less than 2 (MGRP=80,MGL=6) and less than 1 (MGRP=40,MGL=6), if all UEs are configured with MG
· XR DL Capacity falls from 10 (no MG) to 6 (MGRP=80,MGL=6) and less than 2 (MGRP=40,MGL=6), if only the 20% cell-edge UEs are configured with MG
· The capacity loss is much more than 20%

Observation 2: It should be exploited to enhance measurement gap for XR with orchestrated gNB/UE coordination, say more dynamic MG activation/deactivation
· current spec only allows RRC reconfiguration to change the MG settings or enable/disable MG.

Proposal 1: Support dynamic L1 based MG activation/deactivation for XR capacity enhancement. 
· The structure of a MG is similar to a DRX cycle, both including a duration and a period. This dynamic L1 based MG activation/deactivation is to the MG like R16 WUS is to the CDRX.

Observation 3: From NW side, the Rel-16/Rel-17 defined RRM relaxation criteria
· lowMobilityEvaluation or not-at-cell-edge criteria defined in 5G NR Rel-16
· stationary or not-at-cell-edge criteria defined in 5G NR Rel-17
and the link condition can be used to determine how to do the MG activation/deactivation.

Observation 4: The sub-6 TDD bands are widely deployed for 5G-NR. They suffer however from large latency, penalizing the XR deployment in these bands, and the UL/DL TDD pattern is the bottleneck for the XR latency for deployment on sub-6 TDD bands.

Proposal 2: Under CA with different TDD patterns, data retransmission can take place on the carrier different from its initial transmission. This can be realized by either 
· Designing common HARQ processes pool per cell group or in addition to the HARQ process pools defined per CC, or
· Establishing a mapping between the HARQ process for the initial transmission on a specific CC and the HARQ process for the retransmission on another CC

Observation 5: The soft-ACK reporting enhancement using delta-CQI/MCS was discussed in Rel-16/17 URLLC. Some concerns were brought up including 
· Necessity of OLLA enhancements with existing P/SP-CSI reporting
· UE power consumption due to the unneeded 99% of delta-CQI/MCS reports computation
· Impact to the latency and reliability due to the increase in the HARQ codebook size and multiplexing of delta-CQI/MCS and HARQ
Proposal 3: The concerns brought up in Rel-16/17 URLLC should be addressed when discussing potential Rel-18 XR capacity enhancement based on soft-ACK reporting enhancement using delta-CQI/MCS.
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