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1. [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: OLE_LINK12]eXtended Reality (XR) and Cloud Gaming are important media applications enabled by 5G. In Rel-17, a study item on XR evaluations for NR [1] has been started in RAN1 and progress has been made in RAN1 meetings [2]-[6]. In addition to what RAN1 has been studying, enhancements for XR have been discussed in RAN Rel-18 workshop and the following example areas have been identified: KPIs/QoS, application awareness operation, and aspects related to power consumption, coverage, capacity, and mobility [7].
	(Copied from RWS-210659 [7])
· [bookmark: OLE_LINK1][bookmark: OLE_LINK2]5. Enhancements for XR (eXtended Reality), with the following example areas:
· KPIs/QoS, application awareness operation, and aspects related to power consumption, coverage, capacity, and mobility
· Note: only power consumption/coverage/mobility aspects specific to XR


[bookmark: OLE_LINK9][bookmark: OLE_LINK10]The above example areas are further discussed in the RAN Rel-18 email discussion during August 30th to September 3rd. The discussion seems converging and the summary has been made in [8], which will be used as a baseline for further discussion in RAN#93 meeting. In this contribution, we provide our updated views on Rel-18 XR based on the outcome of RAN Rel-18 email discussion. 
2. Outcome of Rel-18 email discussion
The conclusions made by moderator in RAN Rel-18 email discussion [8] are copied as follows.
	4 Conclusions
This section presents the conclusions from the pre-RAN#93E NWM round.
[bookmark: OLE_LINK3][bookmark: OLE_LINK8]Note-i: Rel-17 XR study work is still very much ongoing, hence these conclusions should be understood as a snapshot based on the current status. Further finetuning is expected over the coming months.
[bookmark: OLE_LINK11][bookmark: OLE_LINK15]Note-ii: Some of the identified areas overlap with each other, consolidation of these may be necessary in the next iteration.
[bookmark: OLE_LINK56]Note-iii: It is understood that many of the areas outlined below have a strong correlation with related SA2 and SA4 work. Hence, close cooperation with these groups is needed both for Objective setting, as well as during the actual work.
4.1 KPIs and QoS
The following areas were widely supported:
1. Study and potentially specify RAN support for enhanced granularity for QoS;
2. Study and potentially specify RAN support for ADU-based QoS;
3. Study and potentially specify RAN support for XR-specific QoS parameters.
4. Study and potentially specify synchronization of QoS flow handling belonging to the same XR service association and corresponding DRB control (in coordination with SA2).
[bookmark: OLE_LINK55]Potential further work on KPIs (both system-level KPIs and KPIs for end-user experience) heavily depends on the outcome of the Rel-17 work on XR and on SA4 work around QoE. Hence, potential enhancements on KPIs can be better identified over the next few months and are left open at this point.
[bookmark: OLE_LINK16][bookmark: OLE_LINK27]4.2 Potential areas of work on Application Awareness
[bookmark: OLE_LINK59]The following areas were widely supported for further study and potential normative work:
[bookmark: OLE_LINK39][bookmark: OLE_LINK44]1. Identify the XR traffic characteristics and application layer attributes beneficial/feasible for the gNB to be aware of, e.g. the QoS flow association, frame-level QoS, ADU-based QoS, XR specific QoS etc. that was concluded from KPI and QoS
[bookmark: OLE_LINK33]2. Application layer information (e.g. frame rate, delay, packet importance, etc.) to aid XR-specific handling, e.g. scheduling, radio bearer handling, etc; One potential mechanism for this is to introduce UE assistance information;
4.3 XR-specific power consumption aspects
There was wide support to study (and potentially specify) XR-specific power saving techniques, e.g: XR-optimized C-DRX for aligning C-DRX with XR service periodicity and jitter, XR-specific multi-flow aspects. Enhancements to PDCCH monitoring and WUS can also be considered.
4.4 XR-specific capacity considerations
[bookmark: OLE_LINK51]It is understood that the ongoing Rel-17 XR study is addressing many of the capacity aspects, and we should wait for the further progress of that study before finalizing the Rel-18 scope. Currently the following potential areas were identified for Rel18:
1. XR-specific resource allocation and scheduling enhancement, SPS and CG enhancements including dynamic SPS/CG parameter update, multi-TB SPS/CG, HARQ-ACK enhancement etc... to address XR-specific non-integer periodicity and jitter.
4.5 XR-specific mobility considerations
The following areas were widely supported, albeit understood that these are not strictly XR-specific, hence are better handled in the generic Mobility discussions from now on:
1. DAPS extension to FR1 CA and FR2, improved e2e latency for DAPS;
2. 0ms interruption without DAPS;
Note: mobility aspects will not be considered within the planning of the Rel-18 XR work in the future. All XR-relevant mobility aspects will be handled in the generic Mobility area.


[bookmark: OLE_LINK60][bookmark: OLE_LINK58][bookmark: OLE_LINK49]Generally, we are fine with the above moderator’s proposals. As the moderator also commented, some of the identified areas overlap with each other. For example, the suggested items in QoS enhancements are somehow overlap with the areas of application awareness at RAN. Secondly, the work on QoS and application awareness may also have impact on capacity. For example, the identified enhanced QoS information (e.g. the QoS flow association, frame-level QoS, ADU-based QoS, XR specific QoS, etc.) and application layer information (e.g. frame rate, delay, packet importance, etc.) might be useful for XR-specific handling, e.g. scheduling optimization, to enhance the XR capacity. Therefore we think when formulating the scope of this topic, some clarification can be made to make the correlation of these aspects clearer. 
[bookmark: _Ref81694210]Proposal 1: The identified work in QoS and application awareness are relevant and need to be discussed jointly.
[bookmark: _Ref81694211]Proposal 2: The identified work in QoS and application awareness could have impact on capacity, and thus capacity enhancements should take  the potential enhancements for QoS and application awareness at RAN into account. 
[bookmark: OLE_LINK4]As many companies pointed out in their previous contributions and email discussion, XR and cloud gaming have grown rapidly in 5G networks. Many industry players such as operators, device vendors, and service providers have shown more and more interests in XR and cloud gaming services. Enabling truly immersive XR user experience over 5G cellular networks is deemed as an urgent need from the marketing. Therefore, it is necessary to have the potential features specified and normative work completed within Rel-18 timeframe for XR. On the other hand, as the moderator commented, Rel-17 XR RAN1 study work is still ongoing and will be finalized by December 2021; and some of the enhancement aspects were not yet studied in RAN1 and may need coordination with SA2/SA4. In our view the requirements have been discussed thoroughly via rounds of email discussion and become stable, and the part which may need further discussion is the detailed solution design. From our view, the solutions can be discussed in the WI directly as the principle seems straight forward, but if companies think there is a need to compare and select solutions, a short study phase can be considered (e.g. 2 WG meetings) within the Rel-18 WI to better study the solutions.
In addition according to the summary from the moderator, the major impacts to define KPI/QoS and application awareness at RAN are largely higher layer oriented, and impacts of power saving and capacity enhancements have both PHY and higher layer aspects. Therefore it seems more reasonable to have the RAN2-led WI with potential RAN1and RAN3 involvoment.
Based on the above discussion, we suggest to have a RAN2-led WI XR in Rel-18, with a short study phase if deemed necessary. 
[bookmark: _Ref81694213]Proposal 3: XR should proceed with normative work within Rel-18 to fulfil the requirements from the marketing timely. It is suggested XR is a RAN2-led Work Item (WI), with a potential short study phase (e.g. 2 WG meetings) if needed. 
3. Conclusions
In this contribution, we provide our updated views on Rel-18 XR with the following proposals:
Proposal 1: The identified work in QoS and application awareness are relevant and need to be discussed jointly.
Proposal 2: The identified work in QoS and application awareness could have impact on capacity, and thus capacity enhancements should take  the potential enhancements for QoS and application awareness at RAN into account. 
Proposal 3: XR should proceed with normative work within Rel-18 to fulfil the requirements from the marketing timely. It is suggested XR is a RAN2-led Work Item (WI), with a potential short study phase (e.g. 2 WG meetings) if needed. 
4. Appendix
4.1 Enhancements for Capacity
In this section, we discuss the potential enhancements for improving XR capacity, including QoS aspects, application awareness operation, and XR-specific resource allocation and scheduling enhancements.
4.1.1 E2E Layered QoS Mechanism
For a given XR application (note: in the rest of the contribution, XR refers to both XR and Cloud Gaming for simplicity of presentation.), there can be multiple data streams with different traffic characteristics and QoS requirements in both DL and UL, for example, I-frame and P-frame, FOV stream and omnidirectional stream, video/depth and pose/control, video stream and audio stream. These data streams actually have different priorities, some of them directly dominate the end user experience, while some of them do not. 
[bookmark: OLE_LINK76][bookmark: OLE_LINK75][bookmark: OLE_LINK74]However in the current 5G QoS framework, the multiple data streams belonging to the same XR service are transmitted over the same QoS flow. Consequently these data streams cannot be identified and thus the network will always treat them equally, which results in over-protection for non-important packets and potential waste of radio resources, causing low capacity. Even if the application layer may already split the important and non-important parts into different QoS flows, the 5G network has no idea whether these QoS flows have such association and will treat packets over multiple QoS flows independently. This may result in inefficient scheduling or priority handling of the packets transmission from the same source. In this case the service quality cannot be guaranteed. 
To accommodate the characteristic of multiple data streams in XR services, an E2E layered QoS mechanism can be considered as illustrated in Figure 1, where two data flows are considered for illustration purpose. The data flow with higher QoS requirement is referred to basic flow, while the other data flow with lower QoS requirement is referred to as enhancement flow. 
[bookmark: OLE_LINK46][bookmark: OLE_LINK45][bookmark: OLE_LINK47][bookmark: OLE_LINK42][bookmark: OLE_LINK20]In the existing mechanism, each QoS flow may be mapped to one DRB respectively but cannot identify the correlation between these two QoS flows. Some E2E mechanism can be considered, e.g. the core network can identify these two QoS flows are associated with the same XR source by interaction with the application layer, and then informs such an association to the gNB. The gNB can therefore use this information to improve the scheduling mechanisms, e.g. efficient packet dropping and priority handling. Specifically, there may be some dependence between the basic part and the enhanced part from the same source. If the packets from basic flow is lost, the packets from the enhanced flow may not be useful, which can be dropped to save radio resource or handled with a lower priority. For the uplink transmission, it may also require the UE to indicate relevant information to the network.
[image: ]
[bookmark: _Ref80609248]Figure 1. E2E layered QoS mechanism with multiple QoS flows
On the other hand, the existing mechanism also supports multiplexing multiple streams of an XR source into a single QoS flow, an E2E layered QoS mechanism can also be considered. As shown in Figure 2, some E2E mechanism to distinguish basic part and enhancement part based on enhanced QoS information is needed, which also involves the core network, gNB and UE.  
[image: ]
[bookmark: _Ref80612229][bookmark: OLE_LINK19]Figure 2. E2E layered QoS mechanism with a single QoS flow
[bookmark: OLE_LINK22][bookmark: OLE_LINK23][bookmark: OLE_LINK62][bookmark: OLE_LINK63][bookmark: OLE_LINK69][bookmark: OLE_LINK68]The above work may need involvement of SA working groups. According to our initial evaluation results submitted to RAN1#106-e (e.g., Figure 7 in Section 3.2.3 of [10]), prioritizing the transmission of the more important stream is beneficial for expanding the capacity. Under typical system evaluation, such scheme can improve the XR capacity by about 23%~30% compared with existing mechanism. 
[bookmark: _Ref80607984][bookmark: OLE_LINK13][bookmark: OLE_LINK14][bookmark: OLE_LINK65]According to the above discussion, an E2E layered QoS mechanism with a single QoS flow or multiple QoS flows can be considered and specified in Rel-18 to handle multiple data streams per XR application to enhance the capacity.
· [bookmark: OLE_LINK28]Identify differentiation of priorities in a single QoS flow or the association between multiple QoS flows belonging to the same XR service. 
· Study and specify efficient packet dropping and priority handling based on the above information.
4.1.2 [bookmark: OLE_LINK32]E2E Frame Level Integrated Transmission
In addition to the above QoS limitation, the frame integrity is also one issue affecting XR experience. From network transmission perspective, each video frame in XR services may be segmented into one or multiple packets. Generally, a video frame can only be decoded and reconstructed correctly if all its associated packets have been correctly received. The assumptions in RAN1 also impose requirements in terms of frame, rather than a single packet [3], e.g., “packet” error rate and “packet” delay budget, where a “packet” is assumed to represent multiple IP packets corresponding to a single XR video frame. However, the correlations among the packets belonging to the same frame in XR applications is not aware by the network. Consequently, when these correlated packets arrive at the network, the network may not be able to transmit the packets forming one frame in the required latency. On the other hand, if one or more packets associated to the frame have already been lost and there is no chance to complete the transmission in the required latency, the network may still try to send the subsequent packets as it has no idea they are associated. In short without having frame integrity, the quality of XR service cannot be guaranteed and the capacity cannot be enhanced by potential unnecessary transmission. While with the frame integrity, the system performance for XR services can be further improved.
To support the above frame integrity, the following enhancements can also be done from E2E perspective. The QoS mechanism can consider including frame level parameters, e.g. the frame error rate, frame delay budget etc. This is helpful for the network to decide whether to continue the subsequent data transmission or to discard. Coordination between source and 5G core network to identify which packets belonging to one video frame is also beneficial for satisfying XR service requirement. Such information of grouped packets can then be indicated to the RAN. RAN can benefit from this E2E frame level integrated transmission to have efficient radio resource management, e.g. frame integrity guarantee and efficient packet dropping. According to our initial evaluation results submitted to RAN1#106-e (e.g., Figure 2 in Section 3.1.2 of [10]), an advanced scheme that considers the E2E frame level integrated transmission is shown to achieve about 21% capacity gain compared with the existing mechanism. Furthermore, by jointly considering the layered QoS mechanism and frame level integrated transmission, it is expected that 43%~76% capacity gain can be achieved compared with the existing mechanism, as shown in Figure 7 in Section 3.2.3 of [10]. Such E2E mechanism requires coordination with SA working groups, which can proceed in parallel in RAN and SA.
[bookmark: _Ref80607974]According to the above discussion, an E2E frame level integrated transmission can be considered and specified in Rel-18 to further improve the XR system performance. 
· [bookmark: OLE_LINK29][bookmark: OLE_LINK30]Frame level QoS management, e.g. frame error rate, frame delay budget, etc.
· Identify the packets belonging to one video frame.
· Efficient radio resource management according to the above information to guarantee the frame integrity.
4.1.3 [bookmark: _Ref80725757]Scheduling Enhancements 
[bookmark: OLE_LINK79][bookmark: OLE_LINK80][bookmark: OLE_LINK77][bookmark: OLE_LINK78][bookmark: OLE_LINK73][bookmark: OLE_LINK71][bookmark: OLE_LINK70][bookmark: OLE_LINK66][bookmark: OLE_LINK72]Generally, XR traffic is quasi-periodic with frame arriving approximately every 1/F seconds, where F is the frame rate in FPS, e.g. 30, 60, 90, or 120 FPS. SPS/configured grant (CG) can be used for periodic traffic to reduce some of the control signalling overhead. However, there are some critical issues when using SPS/CG transmission for XR traffic. Firstly, the current periodicities of SPS/CG does not match the non-integer periodicities of the XR traffic. Secondly, the XR frame size can be very large and vary over time, which may not be suitable for SPS/CG transmission. It seems that dynamic grant (DG) scheduling may well handle the above issues, but at the cost of more control signalling overhead. We are open to discuss whether and how to do SPS/CG/DG enhancements to address the above issues to accommodate XR traffic.
In addition, the scheduling enhancements that considering the multi-stream characteristic and frame integrity of the XR traffic should also be considered to enhance XR capacity.
4.2 [bookmark: OLE_LINK34]Enhancements for KPIs
4.2.1 [bookmark: OLE_LINK41]Motivation 
[bookmark: OLE_LINK21][bookmark: OLE_LINK24][bookmark: OLE_LINK25][bookmark: OLE_LINK26]It is well known that eMBB services usually use KPI such as peak data rate, throughput, etc. to evaluate the quality of services. However, for XR services, it is more important to evaluate the end user experience as these interactive and immersive features are pursuing real perceptive feelings. In current RAN1 study the E2E user experience is considered to determine whether a UE is satisfied and a baseline KPI is agreed based on PER and PDB, where a packet is assumed to represent multiple IP packets corresponding to a single video frame for modelling/evaluation purposes. However, these parameters are not enough to directly reflect the user experience. Different frames may have different importance due to error propagation, and different positions of the first loss/delay frame in refresh interval may result in different impacts on the user experience even if they have the same PER and PDB. For example, as illustrated in Figure 3, even if with the same frame error rate, the error of more important frame (e.g., 1st P-frame) may result in worse user experience than the less important frame (e.g., (N-1)-th P-frame). 
[image: ]
[bookmark: _Ref80623840]Figure 3. Loss of different frames in refresh interval may result in different impacts on the user experience.
On the other hand, the E2E user experience in XR service are influenced by three parts: XR source part, network transmission part, and XR terminal part [11]. An example is shown in Figure 4. The current E2E metric cannot figure out which part has the problem to serve XR well in case of bad XR quality, which adds difficulty for trouble shooting. Therefore, a new KPI that can reflect the impact of network transmission on XR service quality can be considered to meet the characteristics of XR video. With such a new KPI for XR service in RAN, the following benefits can be achieved, e.g.
· First, network transmission impact on user experience can be better evaluated through this new KPI.
· Second, measureable performance of XR in operators' networks can be obtained and used for network planning and optimization.
[image: ]
[bookmark: _Ref73899819]Figure 4. Three parts related to XR service quality
4.2.2 [bookmark: OLE_LINK40]Potential Enhancements
[bookmark: OLE_LINK17][bookmark: OLE_LINK18][bookmark: OLE_LINK52][bookmark: OLE_LINK53][bookmark: OLE_LINK54][bookmark: OLE_LINK57]From the perspective of the RAN domain, it is desired to identify a KPI that can reflect the impact of network transmission on user experience in XR services. For convenience, such a desired KPI is called XR Quality Index (XQI) in this contribution. XQI is a KPI in RAN to evaluate user experience, which can be calculated based on network parameters, such as packet loss information, packet delay information etc. Due to the fact that different XR video frames may have different importance and thus different impacts on the user experience, the packet loss and packet delay information may not be enough. Some information specific to XR can be additionally considered in XQI to reflect the user experience more accurately, e.g., frame rate, refresh interval of I-frame, and the correlation between packets in order to identify the position of the error packets/frames. To define such a KPI, the following enhancements can be considered with cooperation among 3GPP working groups.
· Identify the XR-specific information for the new metric, which is useful for XR quality evaluation in RAN, via collaboration with SA4. 
· RAN-visible QoE related enhancements in RAN3, if needed, can be considered to make the XR-specific information available to the network.
· Layer 2 measurement, if needed, to collect the network parameters, such as packet loss information, packet delay information.
[bookmark: _Ref72745091]According to the above discussion, a KPI that can reflect the impact of network transmission on user experience for XR services can be identified in Rel-18 for better evaluating of XR transmission over NR.
· [bookmark: OLE_LINK103][bookmark: OLE_LINK31]Identify the XR-specific information for XR KPI, e.g., frame rate, refresh interval of I-frame, etc. 
· RAN awareness of the defined KPIs, e.g. RAN-visible QoE related enhancements, if needed.
4.3 [bookmark: OLE_LINK48]Enhancements for Power Saving
R15/16 C-DRX can be used for XR UE power saving. However, there are some critical issues when using C-DRX for XR traffic. Firstly, as discussed in Section 4.1.3, XR traffic is quasi-periodic with non-integer periodicities. The current DRX cycle values only support integer multiples of 1ms, which will result in mismatch between XR traffic and DRX OnDuration over time. Secondly, due to different delay caused by encoding/rendering and network transmission, there may be some jitter at the gNB for DL XR traffic, e.g., [-4, 4] ms, which may degrade the performance of C-DRX. For example, to deal with jitter and reduce the scheduling latency, the range of OnDuration of DRX should cover the jitter range. However, the power saving gain will be sacrificed. Therefore, C-DRX enhancements can be considered to address the periodicity mismatch and jitter of XR traffic.
Another alternative to save UE power on PDCCH only is by setting PDCCH monitoring occasion to match the traffic. Similar to C-DRX, PDCCH monitoring enhancements can also be considered to address the periodicity mismatch and jitter issue. 
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