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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, progress has been made in previous meetings [1]-[4] on many aspects, e.g. applications, KPIs, and evaluation assumptions/methodologies. Enhancements for XR have been discussed in RAN Rel-18 workshop with the following example areas: KPIs/QoS, application awareness operation, and aspects related to power consumption, coverage, capacity, and mobility [5].
	(Copied from RWS-210659 [5])
· [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_LINK6][bookmark: OLE_LINK7]In this contribution, we provide our views on potential enhancements on capacity and KPIs for XR and Cloud Gaming (CG). 
[bookmark: OLE_LINK15][bookmark: OLE_LINK77][bookmark: OLE_LINK79]Enhancements for capacity
[bookmark: OLE_LINK17][bookmark: OLE_LINK10]E2E layered QoS mechanism 
Motivation
The major reason that the capability is limited to support XR is due to the high QoS requirement for these services. For a given XR or Cloud Gaming application, 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_LINK13]However in the current 5G QoS framework, the multiple data streams belonging to the same XR and Cloud Gaming 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 critical and non-critical parts into different QoS flows, the 5G network has no idea whether these QoS flows have such association and will treat the 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. 
[bookmark: _Ref73351149]Observation 1: Existing 5G QoS mechanism cannot support different QoS requirements for a certain XR service with multiple data streams, which also results in low 5G capacity. 
[bookmark: OLE_LINK9][bookmark: OLE_LINK8]Potential enhancements 
To accommodate the characteristic of multiple data streams in XR and Cloud Gaming services, an E2E layered QoS mechanism with multiple flows can be considered as illustrated in Figure 1 with two data streams. 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. 
[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: _Ref72933922]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: _Ref72933883]Figure 2. E2E layered QoS mechanism with single QoS flow
[bookmark: OLE_LINK62][bookmark: OLE_LINK63][bookmark: OLE_LINK68][bookmark: OLE_LINK69][bookmark: OLE_LINK22][bookmark: OLE_LINK23]Based on our initial evaluation results submitted to RAN1#106-e [6] (e.g., Figure 7 in Section 3.2.3 of [6]), 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. This work may need involvement of SA working groups.
[bookmark: _Ref72920667][bookmark: _Ref72745088]Proposal 1: An E2E layered QoS mechanism can be considered to handle multiple XR/Cloud Gaming data streams to enhance the capacity.

E2E frame level integrated transmission (FLIT)
[bookmark: OLE_LINK16]Motivation
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 and Cloud Gaming 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 SA4 also impose requirements in terms of frame, rather than a single packet [7] [8]. However, the correlations among the packets belonging to the same frame in XR and Cloud Gaming 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 considering frame integrity, the quality of XR service cannot be guaranteed and the capacity cannot be enhanced due to potential unnecessary transmission. While if the frame integrity is considered, the system performance for XR and Cloud Gaming services can be further improved.
This aspect has been considered in XR evaluation in RAN1 to some extent. For example, according to the agreements in RAN1#104b-e [3], efficient data dropping is considered in Option 2 to improve the XR performance. The non-transmitted part of an XR frame will be discarded at the transmitter if any part of the frame has lost or exceeded the frame delay budget. 
	Agreement: (RAN1#104b-e [3])
For XR/CG capacity evaluation, a packet is considered as lost when it has exceeded the PDB, such that it will be added to the PER and the data of the packet is discarded.
· It is up to company to report the details for the packet when it has exceeded the PDB, e.g.
· Option 1: The packet exceeding the delay is still delivered to the other side
· Option 2: The packet (including the non-transmitted part) is discarded at the transmitter (at the gNB for DL packets and at the UE for UL packets)
· Other options are not precluded
· Note: This is for the purpose of evaluation


[bookmark: _Ref73351150]Observation 2: The frame integrity is important for improving the system performance for XR and Cloud Gaming services. 

Potential enhancements 
[bookmark: OLE_LINK64][bookmark: OLE_LINK65][bookmark: OLE_LINK66][bookmark: OLE_LINK67][bookmark: OLE_LINK24]To support frame integrity, 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. efficient packet dropping. Based on our initial evaluation results submitted to RAN1#106-e [6] (e.g., Figure 2 in Section 3.1.2 of [6]), 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 [6]. Such E2E mechanism requires coordination with SA, which can proceed in parallel in RAN and SA.
[bookmark: _Ref72745089][bookmark: OLE_LINK48][bookmark: OLE_LINK49]Proposal 2: E2E frame level integrated transmission can be considered to further improve the XR/Cloud Gaming system performance.

Enhancements for KPIs
Motivation
According to the above analysis, it is observed that the characteristics of XR and Cloud Gaming has differences with eMBB services. 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 and Cloud Gaming 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 thus lead to different impacts on the user experience even if they have the same PER and PDB. For example even if with the same frame error rate, the error of important frames may result in a worse user experience than the non-important frames. 
On the other hand, the E2E user experience in XR and Cloud Gaming service are influenced by three parts: XR source part, network transmission part, and XR terminal part [9]. An example is shown in Figure 3. The current E2E metric cannot figure out which part has the problem to serve XR and Cloud Gaming 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 and Cloud Gaming video. With such a new KPI for XR and Cloud Gaming 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/Cloud Gaming in operators' networks can be obtained and used for network planning and optimization.
[image: ]
[bookmark: _Ref73899819]Figure 3. Three parts related to XR service quality
[bookmark: _Ref72749272]Observation 3: In addition to the baseline KPIs agreed in RAN1 Rel-17 study, an advanced metric that can reflect the user experience in XR and Cloud Gaming services can be considered.

Potential enhancements
As discussed above, 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 and Cloud Gaming services. For convenience, such a desired KPI is called XR Quality Index (XQI) in this contribution. XQI is a KPI for 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., the correlation between packets and the importance of the packets. To identify and define such a KPI, the following enhancements can be considered with cooperation among 3GPP working groups.
· The XR-specific information, which is useful for XR quality evaluation in RAN can be further discussed and identified via collaboration with SA4. 
· QoE management related enhancements in RAN3 or QoS mechanism related enhancements in SA2 can be considered to make the XR-specific information available at the network.
· XQI can then be calculated by network with network parameters, such as packet loss information, packet delay information, and the XR-specific information.
[bookmark: _Ref72745091]Proposal 3: A KPI that can reflect the impact of network transmission on user experience for XR and Cloud Gaming services can be identified for better evaluating of XR transmission over NR.
· The identified KPI can be calculated with network parameters, such as packet loss information, packet delay information, and potentially with some XR-specific information.

Conclusions
In this contribution, the challenges and potential enhancements for XR are discussed with the following observations and proposals:
Observation 1: Existing 5G QoS mechanism cannot support different QoS requirements for a certain XR service with multiple data streams, which also results in low 5G capacity.
Observation 2: The frame integrity is important for improving the system performance for XR and Cloud Gaming services.
Observation 3: In addition to the baseline KPIs agreed in RAN1 Rel-17 study, an advanced metric that can reflect the user experience in XR and Cloud Gaming services can be considered.

Proposal 1: An E2E layered QoS mechanism can be considered to handle multiple XR/Cloud Gaming data streams to enhance the capacity.
Proposal 2: E2E frame level integrated transmission can be considered to further improve the XR/Cloud Gaming system performance.
Proposal 3: A KPI that can reflect the impact of network transmission on user experience for XR and Cloud Gaming services can be identified for better evaluating of XR transmission over NR.
· The identified KPI can be calculated with network parameters, such as packet loss information, packet delay information, and potentially with some XR-specific information.
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