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1. Introduction
In NR Rel-17, a study item on XR evaluations was approved in [1]. The main work of the ongoing study item includes:
· Identify the traffic models for AR, VR and Cloud Gaming.
· Define KPIs and evaluation methodologies for capacity, power, coverage and mobility evaluation.
· Carry out performance evaluations based on the agreed traffic models, KPIs and evaluation methodologies.
According to the performance evaluation results so far, it is undoubted that further enhancing NR RAN to better accommodate XR services is needed.  In this contribution, we provide our views on the potential enhancements for XR in Rel-18 [2].
2. Justification
[bookmark: _Ref47709824]XR stands for extended reality, it rolls VR (virtual reality), AR (augmented reality) and MR (mixed reality) together. Compared to traditional multimedia service, XR service requires real-time super-sharp 360°4K/8K XR video delivery to provide immersive user experience. What’s more, tighten motion-to-photon (MTP) latency is also required to avoid dizzying. During XR traffic modelling study in Rel-17, a number of traffic characteristics were identified, including high data rate, variable packet size, high reliability, low latency, non-integer periodicity, jitter, multi-streams, UL and DL traffic interaction etc. Obviously, XR service comes across as a mixture service of eMBB and URLLC, which will bring great challenges to 5th generation (5G) new radio (NR) in terms of UE power consumption and system capacity.
[bookmark: _Ref81583605]Observation 1: XR service comes across as a mixture service of eMBB and URLLC, which demands not only high data rate but also low latency and high reliability.
For power consumption of a UE, the communication module among all the modules of the UE takes a large proportion of the power consumption. To prolong battery life and provide better user experience, power saving for communication module is essential for XR device. However, in NR Rel-15/Rel-16/Rel-17 power saving SI/WI, XR specific traffic characteristics (e.g., low latency, non-integer periodicity, jitter, UL and DL traffic interaction) were not taken into account, which would reduce the efficiency of power saving techniques. Consequently, it is necessary to enhance current power saving schemes to further excavate power saving gain for XR service.
[bookmark: _Ref81583606]Observation 2: Power saving enhancement is crucial to XR device’s battery life and user experience.
According to the XR evaluation results in Rel-17 so far, the relatively low system capacity performance is one of the greatest challenges which would affect the commercialization of XR service definitely.
From the perspective of current NR system, service is transparent to network, one of the intentions is to protect user’s privacy. However, if RAN can acquire some specific XR traffic information (e.g., information about traffic stream(s) and potential mutual synchronization requirement(s) for an XR service, the component packets, importance, and residual air interface transmission time of a video frame, etc.), RAN can perform smart QoS management and adaptive scheduling accordingly, which would be beneficial for XR capacity performance improvement. Although this may lead to future network architecture changes, implementation complexity and invasion of user’s privacy to a certain extent, it is worth to study and specify how to acquire XR traffic characteristics by RAN. On the contrary, RAN can also recommend application server adjusting codec strategy dynamically to better adapt to the network conditions.
From the perspective of UE, if the UE can identify and report some assistant information to gNB (e.g., the periodicity of XR service, the component packets and importance of a video frame, user experience information, etc.), gNB can perform resource allocation more efficiently, including scheduling and parameter configuration, which is beneficial for XR capacity performance improvement, as well as UE power saving. It should also be noted that such mechanism had been introduced in Rel-16 sidelink. The UE assistant information reporting for XR service can reuse the same mechanism, and the remaining issue is further identifying the detailed report content.
In NR Rel-15, AR/VR use case was proposed to be involved in URLLC SI, but only small payload for Rel-15 AR/VR with low latency and high reliability requirements was considered. In NR Rel-16 URLLC WI, features to support lower latency and higher reliability requirements were specified targeting for use cases including factory automation, transport industry and electrical power distribution. In NR Rel-17, additional enhancements for IIoT use case are being discussed, such as HARQ feedback enhancement, CSI feedback enhancement. However, there is still no consideration for high data rate for URLLC study. Given that CSI feedback is  important for improving system performance and there are some leftover issues for CSI enhancement for URLLC, further studying CSI enhancement for XR specific service can also be taken into account to improve capacity performance.
[bookmark: _Ref81583608]Observation 3: It is necessary to enhance system capacity performance for XR.
3. Potential enhancements
3.1. Power saving enhancement
[bookmark: _Hlk61358618][bookmark: _Hlk71638606]As analysed in section 2, it will be tremendously beneficial for XR device to adopt XR service-oriented power saving enhancements aiming for reducing the unnecessary power consumption. Therefore, it is well worth to study enhanced power saving techniques to address characteristics of XR traffic in Rel-18. 
According to the normative work for Rel-15/16 power saving schemes as in TR 38.840 [3], there are already many power saving technologies widely investigated, e.g., DCI format 2-6 (including dormancy mechanism which is specified in Rel-16 MR-DC WI), cross-slot scheduling and MIMO layers adaptation. 
Going through the existing power saving techniques, all of them are designed in accordance with traditional traffic models such as FTP 3, instant messaging and VoIP, without taking XR traffic into consideration. To briefly make clear the difference between XR traffic and non-XR traffic, the CDRX mechanism can be taken as an example. When UE steps into the DRX off state, it will suspend for PDCCH monitoring and can go to sleeping power state to reduce power consumption, but at the same time it will incur the scheduling latency. The increased latency has a marginally negative impact on the eMBB traffic, however, for delay-sensitive services, the impact on capacity will be intolerable. In addition, the wake-up indication carried by DCI format 2_6 seems meaningless for XR traffic due to short XR traffic periodicity e.g., 8.33ms, 16.67ms. Other schemes such as MIMO layer adaption and dormancy mechanism, which are all based on BWP switching framework, will cause a relatively long switching/application delay and even interruption. As such, the current Rel-15/16 power saving schemes are not suitable for XR traffic. 
Since the ongoing study of Rel-17 power saving enhancement still does not take into account delay critical traffic, it could be doubtful that the final Rel-17 power saving techniques could be suitable and beneficial enough to be applied to XR traffic. As XR traffic perioditicy is much shorter than that for typical eMBB traffic, signalling resource overhead and PDCCH blocking rate caused by Rel-17 DCI-based power saving enhancements would not be neglectable. Moreover, whether Rel-17 power saving techniques are able to make a better trade-off between capacity and power saving is questionable especially considering the jitter impact.
Based on the analysis above, regarding Rel-18 power saving enhancement for XR, there are two potential directions which are expected to study and/or specify. One direction is to resolve the mismatch between XR traffic periodicity and configured periodic monitoring (e.g., DRX configuration for PDCCH monitoring). The other is to reduce or eliminate the negative impact on both transmission delay and power consumption caused by jitter. These two potential directions will be discussed in detail in the following.
· Tackling for non-integer periodicity
According to TS 38.331 [4], it can be observed that current DRX cycles are not suitable for XR traffic periodicity, and the enhancement for DRX configuration oriented to XR traffic is required. To align the start time of DRX cycle with traffic arrival time, the most direct method is to extend the candidate values of DRX cycle to the field of non-integer, such as 8.33ms, 16.67ms. However, the non-integer DRX cycle is not flexible due to the various traffic periodicities and the jitter impact. To solve this problem, dynamic DRX start offset adaptation can be considered as one potential method. Additionally, semi-static DRX pattern adaptation can also be investigated in order to reduce signalling overhead.
[bookmark: _Ref81583728]Proposal 1: Study and specify features to support DRX related adaptation to match XR traffic periodicity for power saving.
· Jitter handling
Impact of jitter for UE receiving DL transmission should also be studied since the pretty large jitter range (i.e., [-4, 4]ms) will definitely lead to either power consumption or scheduling latency. One possible approach is to extend the length/duration of DRX on-duration or increase the density of PDCCH monitoring to cover the jitter range. However, this approach will obviously sacrifice the power consumption for the sake of reducing the scheduling latency. To this end, the design principle of jitter handling method is to make a trade-off between power saving and capacity.
To be more efficient for the jitter handling, a low power wake-up signal (WUS) can be monitored by UE during DRX active time with lower power consumption than PDCCH monitoring, and the UE starts to monitor PDCCH only when the WUS is detected. Another possible approach could be to flexibly adapt the PDCCH monitoring behaviour, e.g., between dense monitoring and sparse monitoring based on the traffic characteristics. 
[bookmark: _Ref81583730]Proposal 2: Study and specify features to handle jitter including low power WUS or enhanced PDCCH monitoring adaptation (based on Rel-17 progress).
3.2. Capacity enhancement
· Enhancement(s) for radio resource allocation
When allocating radio resources to serve XR traffic efficiently, most attention should be paid to its characteristics, in terms of non-integer periodicity with jitter, variable packet size, high data rate, etc. Due to the quasi-periodic characteristic, SPS and CG are natural candidates to serve XR traffic. Regarding the non-integer periodicity with jitter, the solution adopted in Rel-16 URLLC may not be suitable, where multiple SPS/CG configurations are configured to serve a service for which the data arrives with non-integer periodicity or periodically with jitter, due to that the packets of XR traffic may be very large especially for video stream, and the aforementioned solution may lead to many skipped transmission occasions, resulting in inefficient resource usage, or complicated resource multiplexing. Some enhancements for SPS/CG may be introduced to address these issues, such as enabling configuration of non-integer periodicity, dynamic adaptation to variable packet size, etc. In contrast to SPS/CG, dynamic scheduling may be enhanced to serve XR traffic efficiently. For example, multi-PDSCH/PUSCH scheduling may be adopted when time-frequency resources across several slots may be allocated to accommodate a large packet. Besides, the scheduling can take some XR characteristics into account, when related information for these characteristics can be acquired, to better match the QoS requirements for XR traffic efficiently, e.g. delay-aware scheduling, scheduling based on QoS flows, etc. These enhancements are closely related to RAN awareness transmission as well.
[bookmark: _Ref81583731]Proposal 3: Study features to enhance radio resource allocation, including SPS/CG and dynamic scheduling.
· RAN awareness transmission
Regarding XR traffic with different requirements from traditional services/applications in terms of high data rate, low latency, etc., traditional architecture with service agnostic principles may not work efficiently any longer. If RAN can acquire some necessary information for XR traffic characteristics and application layer attributes from CN and/or application server, RAN can perform smart QoS management and adaptive scheduling for the flows of XR traffic, therefore improving the immersive experience for users, as well as increasing the capacity for XR traffic. For instance, XR traffic-related information e.g., identifier of IP packets belonging to a same video frame, identifier of multiple flows with different importance, synchronization information among packets or flows, packets latency etc. can be acquired by RAN so that RAN can adaptively perform packet dropping and delay-aware scheduling, where more efficient packet processing and resource utilization can be achieved. 
On the other hand, RAN could also provide some user experience-oriented information to CN and/or application server for QoS related (e.g., data-rate) adjustment/adaptation.
[bookmark: _Ref81583732][bookmark: _Ref81585071]Proposal 4: Study and specify features to support RAN awareness transmission including
· XR traffic-related information acquisation, e.g. identifier of IP packets belonging to a same frame, identifier of multiple flows with different importance, synchronization information among packets or flows, packets latency, etc.
· XR specific QoS management, adaptive packet dropping and adaptive scheduling.
It is natural that RAN awareness transmission needs to be designed cross layers, where both CN and RAN, as well as application server, should be involved. For example, XR traffic-related information may be obtained and delivered among application server and involved CN/RAN nodes, where related interaction procedure(s) may be introduced/enhanced as a result.
In addition, XR-related information interaction between UE and gNB are also beneficial for improving XR user experience. For example, XR service assistance information (e.g., UL traffic related information, special pose/control information) can be used to assist gNB for UL scheduling and transmission.
To be more specific, XR traffic in UL is transmitted by UE, and is kept in UE buffer before scheduled. Based on legacy mechanisms such as BSR, gNB generally cannot exactly obtain detailed information for accurate UL scheduling, such as delay-aware scheduling, or frame-based scheduling. Therefore, UL data burst related information, e.g. data volume, arrival/waiting time, linkage among different data bursts may be reported to facilitate enhanced UL scheduling. Besides, high-level traffic characteristics and attributes, such as periodicity, data rate for one or more QoS flows, can also be reported to gNB for flexible QoS management and adaptive scheduling, which may be easier and more efficient compared to obtaining them from CN or application server. 
Besides, packets with nearly exhausted delay budget can be discarded without consuming resources unnecessarily. For UL, gNB can configure related rules for packet dropping to UE. As a result, UE executes the configured rules when packets arrive and/or are buffered, and drops certain packet(s) accordingly. 
[bookmark: _Ref81583734]Proposal 5: Study and specify features to support XR-related information interaction among UE, RAN, CN and application server to assist RAN scheduling/QoS management/application server adjustment, e.g., UE assistant information reporting.
· Enhancement(s) for CSI measurement/reporting
To satisfy low latency and tight HARQ processing time requirement for XR traffic, CSI should be as accurate as possible, and CSI measurement/reporting should be done in time or even in advance, especially for retransmission. Considering the existence of correspondence between UL and DL traffic, e.g. UL pose/control traffic may trigger the corresponding DL video traffic, some early preparation (e.g. CSI measurement and reporting, beam management) according to the UL transmission can be triggered to facilitate the upcoming DL burst transmission.
[bookmark: _Ref81583735]Proposal 6: Study enhanced CSI measurement and reporting to improve XR capacity performance.
3.3. Other enhancement
In addition to the above-mentioned enhancement areas for XR, there are still some other enhancement areas proposed by other companies, e.g., mobility, network coding, interference mitigation, sidelink enhancement, etc. In our point of view, only those XR specific features are required to be further studied and specified, if identified. Other XR service independent features can be handled in separate SIs/WIs or deprioritized.
4. Conclusion
In the contribution, we discussed the motivations for XR enhancements and potential enhancement areas for XR in Rel-18 with the following observations and proposals:
Observation 1: XR service comes across as a mixture service of eMBB and URLLC, which demands not only high data rate but also low latency and high reliability.
Observation 2: Power saving enhancement is crucial to XR device’s battery life and user experience.
Observation 3: It is necessary to enhance system capacity performance for XR.
Proposal 1: Study and specify features to support DRX related adaptation to match XR traffic periodicity for power saving.
Proposal 2: Study and specify features to handle jitter including low power WUS or enhanced PDCCH monitoring adaptation (based on Rel-17 progress).
Proposal 3: Study features to enhance radio resource allocation, including SPS/CG and dynamic scheduling.
Proposal 4: Study and specify features to support RAN awareness transmission including
· XR traffic-related information acquisation, e.g. identifier of IP packets belonging to a same frame, identifier of multiple flows with different importance, synchronization information among packets or flows, packets latency, etc.
· XR specific QoS management, adaptive packet dropping and adaptive scheduling.
Proposal 5: Study and specify features to support XR-related information interaction among UE, RAN, CN and application server to assist RAN scheduling/QoS management/application server adjustment, e.g., UE assistant information reporting.
Proposal 6: Study enhanced CSI measurement and reporting to improve XR capacity performance.
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