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1	Introduction
RAN1 is currently working on the Release 17 SI on XR Evaluations for NR [1]. The study item has the following objectives:
· Confirm XR and Cloud Gaming applications of interest
· Identify the traffic model for each application of interest taking outcome of SA WG4 work as input, including considering different upper layer assumptions, e.g. rendering latency, codec compression capability etc.
· Identify evaluation methodology to assess XR and CG performance along with identification of KPIs of interest for relevant deployment scenarios
· Once traffic model and evaluation methodologies are agreed, carry out performance evaluations towards characterization of identified KPIs

This contribution describes the next steps after the study item has concluded i.e. the work to be done during Release 18 timeframe.
[bookmark: _Ref178064866]2	Justification of Release 18
The Study Item on XR evaluations [1] will be finalized by December 2021. The tasks which RAN1 performed during the study item have been to 1) identify the applications of interest, 2) identify the traffic models for the agreed applications, 3) identify evaluation methodologies and KPIs, and 4) carry out performance evaluations. 
This study item itself identified few areas which are relevant for XR applications: UE power consumption, network capacity, mobility, and coverage. 
The study item, however, did not have as an objective to find the concrete limitations in those areas and did not have as an objective to discuss solutions. Despite this, a number of documents have been submitted suggesting improvement areas and concrete solutions. These papers help others to understand and learn what companies think; however, this discussion does not belong to the current Rel-17 work. 
We think that RAN1 should continue their work to gain as much knowledge as possible from the performance evaluation campaign with the objective to finalize and close the study item as scheduled for Release 17. Considering that limitations and solutions are not studied in Release 17, they seem to be a clear target of work during Release 18. Directly starting a Work Item phase may feel hasty. This phase should come after a study phase in which companies crosscheck their understanding, reach a consensus on the concrete standardization areas to address, and develop possible solutions for the identified opportunities. After that, a Work Item phase should start. 
Taking the above into account, we think the most suitable way forward is to have a Study Item phase followed by a Work Item phase in Release 18. 

[bookmark: _Toc347823621][bookmark: _Toc347824073][bookmark: _Toc347824246][bookmark: _Toc73997440]A new SI on XR should be started in Release 18 followed by a WI.
[bookmark: _Toc73997441]The Release 18 SI should focus on studying concrete standardization aspects for enhancement and identify possible solutions
3	Discussion of release 18 study topics

In Rel-17, there are four different evaluation areas currently considered: capacity, UE power consumption, coverage, and mobility. So far, the most of studies in Rel-17 have been focusing on capacity and UE power consumptions so that it is natural step to focus enhancement studies on those two areas. 
Many companies have observed the system capacity is impacted by the joint requirement of high bit rate and latency when identified traffic characteristics are assumed, e.g., dynamic video frame size and quasi-periodic arrival with jitters. Thus, one clear focus in Rel-18 should be on potential capacity enhancements. In addition, XR applications are expected to run over new devices which may have more limited battery and computing power than smartphones. Consequently, supporting efficient power saving solutions for XR devices is beneficial specially to work with identified traffic characteristics. Mobility is another potential topic to be studied to ensure that XR services should be supported with consistent bit rates in bounded latencies. 
In general, the capacity and UE power saving enhancement for XR services are broad areas from a standardization perspective. Therefore, it is important to further narrow down the focus to specific study areas to achieve a meaningful study impact. 

In the following sections, we discuss the potential study topics in release 18 SI.
3.1 Study of enhanced traffic awareness and dropping in RAN
RAN protocols has been typically designed to be service agnostic, so the functions and enhancements are usually not linked to a specific service or application. Having a service-agnostic design offers many benefits and has proven to be a very successful design principle. On the other hand, when new services and applications which traffic characteristics and requirements are very diverse from those of the traditional services and applications supported in RAN, a service-agnostic design sets limitation to what the RAN can do to perform better.
The high bit rates in XR lead to that a large application data unit (ADU) will be transmitted into several IP packets. When these IP packets arrive to RAN, RAN will treat all the packets as if they are uncorrelated from each other. However, the end-user performance depends on the successfully delivery within the latency bound of all these IP packets belonging to a single ADU. Traffic characteristic knowledge in the RAN can assist the network to plan its resources to deliver the data according to the committed QoS. 
The traffic volume of XR application is order of magnitude larger than typical web-browsing and voice communications. This will require substantial amount of radio resources, often leading to high network utilization and queuing delay. If there is not sufficient resources for multiple users with a large amount of video traffic, buffers will increase resulting in longer packet delays of other users the same serving cell. Dropping packets which did not meet the latency requirements can save expensive radio resource so that the resource can be used for other users which potentially increase the overall system capacity without impacting the QoE. Therefore, it is worthwhile studying 1) the type of traffic characteristic information which may be useful in RAN to be obtained e.g. from the application, core network, or by other means, and 2) how this information may be useful to improve the scheduling mechanisms e.g. packet dropping. The first topic may require SA2 and SA4 cooperation.

3.2 Study of efficient signalling for scheduling and link adaptations
Radio resource allocation is one of important areas for studying both in downlink and uplink. 5G NR already provides a number of tools to support efficient resource allocation via both dynamic and fixed – configured – grants. 
XR video traffic is similar to eMBB services in the sense that its application PDU size is varying just as FTP or web browsing. On the other hand, the arrival time or periodicity of the traffic generation is more predictable than the eMBB services. This is due to the fact that video has a fixed frame refresh rate. From this angle, the traffic characteristic is more similar to periodic traffic such as voice and motion control in industries. Just as industrial control applications, XR requires (a relaxed) bounded latency, and reasonably high reliability. The traditional mechanisms and strategies to perform resource allocation used for eMBB or for the voice/motion control may then be suboptimal for XR.
To deal with a varying frame size, for example, the dynamic scheduling may be the most flexible and best solution. However, dynamic scheduling comes at the costs of overhead control signalling (PDCCH, SR), and potentially increased latency. Considering the large application PDU size, the network will usually need to allocate several slots to deliver all the packets associated with one application PDU. Investigating efficient signalling for fast multiple resource allocations would be beneficial.
[bookmark: _Toc71198171][bookmark: _Toc71198091][bookmark: _Toc71198126][bookmark: _Toc71198136][bookmark: _Toc71198172]For more predictable arrival times, DL and UL configured grants (SPS and CG) have been specified. However, they may not be suitable to handle large and varying video frame sizes, due to their fixed resource allocation. Instead, configured grants are more suitable for fixed, small, and periodic packet sizes. For example, CG may be relevant for pose or for the BSR transmissions resulting from AR video traffic in uplink but existing standards should be studied to be compatible with new XR traffic arrival pattern. 
In addition, for eMBB services, the additional delay caused by a few HARQ retransmissions is generally not problematic, since eMBB services are not sensitive to the delay. The performance impact of channel quality overestimation is in most cases not significant. However, for services that require bounded latency such as XR, this additional delay could be quite harmful. One reason why channel quality estimates are inaccurate is interference variations. If the UE estimates the channel quality when the interference is low and performs the corresponding transmissions when the interference is high, there is a large risk that the MCS is not robust enough, causing failed receptions and subsequent HARQ retransmission. The opposite effect could also happen, which leads to that a too robust MCS is chosen, leading to an inefficient use of the channel. Hence, improved link adaptation may be beneficial for increased capacity for XR. We note that improved link adaptation is studied in the Rel-17 URLLC WI. The outcome from this work will serve as a baseline for additional enhancements in Rel-18. 
3.3 Study of XR device power saving 
Low power consumption is essential for some XR devices, e.g., smart glasses. DRX is one of important features which already have been extensively studied and expected to be used in live networks. However, the existing DRX features are optimized for uncertain traffic arrival of eMBB services, e.g. ON duration with inactivity timer with no strict latency requirements. In addition, it is already known that DRX will likely increase latency. One potential issue in DRX for XR is that XR traffic pattern is not well aligned with the existing DRX configuration parameters. For example, the XR video arrival interval may not be divisible by the time duration of radio resource allocation unit, leading to the potential mismatch between traffic arrival and the start time of ON duration in DRX. This would result in extra latency. Therefore, studying DRX in terms of compatibility with XR traffic pattern is needed to further decide potential enhancement. 
3.4 Mobility
In general, users running VR applications are considered to be relatively static. On the other hand, cloud gaming and advanced AR, however, may be considered as services that can be used on the move especially for pedestrian users. When looking at mobility, the traffic characteristics of the application need to be considered, as well as the service requirements. Legacy handover procedures will lead to an interrupt of some 40ms, which may impact the end user perception of the XR service quality. Multi-connectivity could handle situations with very low or limited mobility, transmitting data in the cell which offers the best radio. Conditional handover (CHO) can be considered in situations in which more robust mobility is desired. More advanced solutions e.g. DAPS can also be considered in cases where there is a need for a very short interruption time. DAPS may then need to be enhanced to operate with DC, CA or in FR2. In general, DAPS would need to be enhanced so that subsequent reconfigurations to e.g. configure features for high bit rate and low latency, are avoided. It is to be considered, however, that DAPS is a complex feature since multiple radio chains are required in the UE. This issue – avoiding reconfigurations – is actually more generic. RRC reconfigurations take time to be executed. Part of this time is taken by the UE to apply the configuration i.e. RRC processing delay, and another part of the time is required to access the new cell (when that is required). Therefore, the current RRC processing delay requirements in the UE should also be revisited with the aim to enhance the UE mobility. In Rel-17, improved mobility supported as part of the MIMO WI. Here the idea is to perform parts of the mobility actions on L1/L2, by relying on extensions of the multi-TRP/beam management functionality. An ongoing connection can then be transferred from one TRP to another TRP, even if these TRPs broadcast different PCIs, and thus constitute different cells. It is however foreseen that the Rel-17 functionality will be somewhat limited: only intra-DU operation will be supported, and there will be restrictions in the configuration and deployment of the involved cells. On the other hand, the interrupt will be very short, and CA/DC will probably be supported at a reasonable UE complexity. If there is a dedicated mobility enhancement SI/WI in Release 18, it can be also handled in that SI/WI to address those issues.  

4	Proposed release 18 SI objectives

Based on the above discussion, we propose the following objectives in Release 18 SI. 
[bookmark: _Toc73997442]Studying:
1) RAN traffic characteristics awareness i.e. the type of traffic characteristic information which may be useful in RAN to be obtained e.g. from the application, core, or by other means, and, 
2) how this information may be useful to improve efficient dropping of unnecessary delayed packets
[bookmark: _Toc73997443]Studying enhanced efficient signalling mechanisms for scheduling and link adaptations for high rate services with bounded latencies
[bookmark: _Toc73997444]Studying enhancements for XR device power saving with matching XR traffic pattern to avoid unnecessary delay
[bookmark: _Toc73997445]Studying mobility enhancements for consistent rates in bounded latency

The benefits of these solutions should be evaluated against their complexity in both the UE and the network. Solutions with a similar benefit but showing lower complexity should be preferred.
5	Conclusion
Based on the discussion in the previous sections we propose the following:
Proposal 1	A new SI on XR should be started in Release 18 followed by a WI.
Proposal 2	The Release 18 SI should focus on studying concrete standardization aspects for enhancement and identify possible solutions
Proposal 3	Studying: 1) RAN traffic characteristics awareness i.e. the type of traffic characteristic information which may be useful in RAN to be obtained e.g. from the application, core, or by other means, and,  2) how this information may be useful to improve efficient dropping of unnecessary delayed packets
Proposal 4	Studying enhanced efficient signalling mechanisms for scheduling and link adaptations for high rate services with bounded latencies
Proposal 5	Studying enhancements for XR device power saving with matching XR traffic pattern to avoid unnecessary delay
Proposal 6	Studying mobility enhancements for consistent rates in bounded latency
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