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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: OLE_LINK43][bookmark: OLE_LINK44]For eXtended Reality (XR) evaluations for NR study item in Rel-17, agreements have been made in RAN1#103-e [1] and RAN1#104-e [2] on many aspects, e.g. applications, KPIs, and evaluation assumptions/methodologies. In this contribution, we provide our initial views on potential enhancements for XR and Cloud Gaming (CG). 
[bookmark: OLE_LINK77][bookmark: OLE_LINK79]Discussion
Layered QoS transmission
[bookmark: OLE_LINK37][bookmark: OLE_LINK38][bookmark: OLE_LINK7][bookmark: OLE_LINK8]As discussed in our companion paper on traffic model [3], we can see that for a given XR application, there can be multiple data streams/flows with different traffic characteristics and QoS requirements, e.g. FOV stream and omnidirectional stream in VR1: “Viewport dependent streaming” and I/P-frame in VR2/AR/CG. Considering the traffic characteristic of multiple data streams/flows in XR and CG applications, the prioritized handling and unequal error protection for different streams/flows can be considered to achieve capacity gains. As shown in Figure 1, a general layered QoS transmission framework is illustrated, where two data streams/flows are considered for simplicity. The data stream/flow with higher QoS requirement is referred to basic flow, while the other data stream/flow with lower QoS requirement is referred to as enhancement flow. In this case, enhancements on QoS and RAN that taking the different QoS requirements of the multiple streams in the layered QoS transmission can be studied to achieve capacity gains in term of supported number of XR UEs.
[image: ]
[bookmark: _Ref66891870][bookmark: OLE_LINK15][bookmark: OLE_LINK16]Figure 1. Layered QoS transmission framework
Therefore, potential enhancements on QoS and RAN design can be considered to achieve capacity gains by handling multiple data streams in XR and CG applications.
[bookmark: _Ref66972185][bookmark: _Ref68599987]Proposal 1: Layered QoS transmission can be considered to handle multiple data streams/flows in XR and CG applications to achieve capacity gains. 
Frame level integrated transmission
[bookmark: OLE_LINK48][bookmark: OLE_LINK49][bookmark: OLE_LINK46][bookmark: OLE_LINK47]From network transmission perspective, each video frame may be segmented into one or multiple IP packets, and transmitted from the server to the gNB. The size of the IP packets is limited by a maximum MTU (Maximum Transfer Unit) size, e.g. 1500 Bytes. One entire video frame, which may as an example be as large as 30 kB, with exceptions potentially even 100 kB [6], can be divided into multiple IP/PDCP packets (e.g. 60 IP packets), dependent with each other. Generally, as the assumption in [7], a video frame can only be decoded and reconstructed correctly if all its associated IP packets have been correctly received. If one or more packets associated to the video frame are lost, then it may not need to send the subsequent packets of that video frame. Even if the subsequent packets were successfully transmitted by RAN, they would be useless since the video frame cannot be decoded, which results in a waste of RAN resource. 
[bookmark: OLE_LINK39][bookmark: OLE_LINK40]Therefore, enhancements can be done on network transmission to guarantee the video frame integrity, e.g. considering frame level QoS and coordination between source and network (e.g. CN and RAN) to identify which packets belonging to one video frame. Furthermore, RAN scheduling may also need to be enhanced to support frame level integrated transmission, e.g. take “all IP packets belonging to one video frame” as an “object or entity”.
[bookmark: _Ref66972187][bookmark: _Ref68599947]Proposal 2: Frame level integrated transmission can be considered to further enhance the XR capacity.
Conclusions
In this contribution, the challenges and potential enhancements for XR are discussed with the following proposals:
Proposal 1: Layered QoS transmission can be considered to handle multiple data streams/flows in XR and CG applications to achieve capacity gains. 
Proposal 2: Frame level integrated transmission can be considered to further enhance the XR capacity.
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