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1 [bookmark: _Ref513464071]Introduction
In RAN#106-e meeting [1], the following agreements were made on traffic model.
	Agreement
· For DL multi-stream evaluations, a UE is declared as a satisfied UE if each stream meets the PER and PDB requirements of that stream, i.e., more than a certain percentage of packets are successfully transmitted within a given air interface PDB.

Agreement
For Option 2 (video + audio/data) of evaluation of DL two streams that is an optional evaluation scenario, the audio/data flow is modelled as follows:
· A stream aggregating streams of audio and data 
· Periodicity: 10ms
· Data rate: 0.756 Mbps/s or 1.12 Mbps 
· Packet size: determined by periodicity and data rate
· PDB: 30ms (baseline).  Other values can be optionally evaluated. 
· PER: 1% (baseline). Other values, e.g., 0.1%, can be optionally evaluated.
Agreement
For evaluation of separate streams of I-frame and P-frame that is an optional evaluation scenario, 
· The main objective of evaluating this option is to study the impact on capacity from different PDB and PER values for I-frame and P-frame.  
· FFS: Whether to directly compare capacity results (i.e., capacity numbers) for cases with two-stream modelling and those for cases with single-stream modelling. 

Agreement 
For evaluation of separate streams of I-frame and P-frame that is an optional evaluation scenario, 
· Alpha value: 2.0 and 1.5, Other values, e.g., 3.0 can be optionally evaluated
· This alpha value assumption applies to both Option 1A (slice-based) and Option 1B (GOP-based) evaluations

Agreement 
For evaluation of separate streams of I-frame and P-frame that is an optional evaluation scenario, 
· RAN1 agree upon the below reference case, while leaving other study cases up to companies. 
· Reference case
· For DL
· [PER_I, PER_P, PDB_I, PDB_P] = [1 %, 1 %, 10ms, 10ms] for AR/VR 
· [PER_I, PER_P, PDB_I, PDB_P] = [1 %, 1 %, 15ms, 15ms] for CG
· For UL AR video streams
· [PER_I, PER_P, PDB_I, PDB_P] = [1 %, 1 %, 30ms, 30ms]


In this contribution, we provide our views on remaining issues on traffic model and evaluation of multi-stream XR traffic. 
2 Discussion
2.1 Remaining issues on 2-stream vs single-stream models comparison
[bookmark: _Hlk83904563]In the previous meetings, agreements were made for supporting capacity evaluations when using 2-streams in DL (for AR/VR and CG) and UL (for AR) scenarios. During RAN1#106-e meeting [1], the evaluation parameters (i.e. PER, PDB) for 2-stream video traffic model consisting of I-frame and P-frame streams in DL and UL were agreed.    
The companies also discussed on whether to compare the capacity performance results when using 2-stream traffic model (e.g. I-frame and P-frame streams) and a single-stream traffic model. The benefit of such comparison is to identify whether there is a gain in capacity during data transmission when using 2 streams compared to using a single stream which may contain the aggregated traffic from the 2 streams. For the comparison to be meaningful, it is important to ensure that the evaluation parameters used for the single-stream and 2-stream traffic models are properly selected such that any potential differences in capacity results can be well reflected.  
Observation 1: 	The benefit of comparing capacity results is to identify whether there is a gain in capacity during data transmission when using 2 streams compared to using a single stream which may contain the aggregated traffic from the 2-streams.
In this regard, the traffic stream models that can be used for comparison are as follows
· Model 1: Single stream with following parameters: 
· Average data rate R, PDB, PER (i.e. reference stream)
· Model 2: 2-streams (stream 1 and stream 2) with parameters: 
· Average data rate R1, R2, where R1 + R2 = R
· PDB1, PDB2, where PDB1 = PDB2 = PDB 
· PER1, PER2, where PER1 = PER2 = PER
· Model 3: 2-streams (stream 1 and stream 2) with parameters: 
· Average data rate R1, R2, where R1 + R2 = R 
· PDB1, PDB2, where PDB1 ≠ PDB2 and min(PDB1, PDB2) = PDB 
· PER1, PER2, where PER1 ≠ PER2 and min(PER1, PER2) = PER
Model 1 can be considered as reference stream, for determining whether any capacity gain can be achieved when comparing with respect to other 2-stream models. As an example, Model 1 may represent a single aggregated video stream, containing aggregated traffic from I-frame stream and P-frame stream. Model 2 represents 2-stream model which uses parameters that were agreed during RAN1#106-e meeting, where the same PER and PDB used for single stream model are applied for stream 1 (e.g. P-frame stream) and stream 2 (e.g. I-frame stream). Model 3 represents the case where different PDB and PER values are used for each stream. This is with the assumption that certain awareness of the data-types in the different streams can be leveraged to potentially achieve capacity improvement during data transmission. For example, with the understanding that data in I-frame stream is relatively more important than data in P-frame stream (e.g. P-frame are more tolerant to losses than I-frame), the PER and PDB values used for P-frame can be less stringent than those used for PDB and PER. 
Given the different stream models above, the comparison scenarios for comparing the capacity performance achievable can include the following:
· Scenario 1: Between model 2 and model 1
· Scenario 2: Between model 3 and model 1
In scenario 1, since the PER and PDB values used for model 2 are identical to those of model 1 and that similar AS layer approaches (e.g. multiplexing at MAC layer) and radio resources may be used during data transmissions, the capacity results may be similar for both models. In scenario 2, there is a potential for improving the capacity for model 3, and subsequently the capacity gain achievable, due to using less stringent PDB and PER values for at least one of the streams (e.g. P-frame stream). For quantifying the capacity gain, different set of values for PDB and PER can be used in Model 3 for the stream which may tolerate relaxed PDB/PER values, to an extent that is acceptable at application level. Such comparison with respect to a reference single-stream model can be useful to evaluate whether there is any capacity gain and the amount of the gain achievable in DL (video stream for AR/VR and CG) and UL (aggregated video stream for AR) when using a 2-stream model. 
[bookmark: _Hlk83939436]Proposal 1: 	RAN1 supports comparison of the capacity results between two-stream model and single stream model (i.e. reference model) in DL and UL evaluations

In a 2-stream model consisting of different traffic types (e.g. pose/control traffic and video traffic), it is important to use a reference single-stream model that results in a fair and meaningful comparison when evaluating the capacity gain. For a scenario where the evaluation parameters (e.g. PER, PDB) of streams consisting of different traffic types are available, the parameters of the reference single-stream can be derived using the approach used for model 3 described above. For example, in UL AR consisting of the pose/control and aggregated video streams, the evaluation parameters for the reference single-stream can be determined as follows:
· 2-streams for UL AR
· Stream 1 (pose/control): Average data rate R1: 0.2 Mbps, PDB1: 10ms, PER1: 1%
· Stream 2 (aggregated video): Average data rate R2: 10 Mbps, PDB2: 30ms, PER2: 1%
· Reference single-stream for UL AR
· Average data rate R = (0.2Mbps + 10Mbps), PDB = min(10ms, 30ms), PER = min(1%,1%)
Using a such reference single-stream model should facilitate a fair comparison and whether any capacity gain is achievable when comparing between 2-stream and single-stream cases. 	
Proposal 2: 	RAN1 uses a reference single-stream model with evaluation parameters determined as a combination of the parameters of the 2-stream model (e.g. PDB of reference single-stream is min(PDB1, PDB2)) when comparing the capacity results
2.2 Remaining issue on evaluating multiple data streams for XR
For a UE supporting multiple data streams, each stream represents data from and intended to a single application which is subjected to a corresponding QoS (e.g., PDB, PER) requirement and KPI. For multiple data streams, it was previously agreed that a UE can be declared as satisfied if more than Xm (%) of packets in each of the M flows are successfully transmitted within their respective air interface PDB values. 
In majority of AR/VR applications with multiple data streams, the requirement at application layer (e.g. for jointly processing/rendering of data in different steams) can force some interdependency between the streams. For supporting this requirement, in addition to the per-stream QoS (e.g. PER, PDB) that each stream is required to fulfil independently, there needs to be coordination between the streams to ensure that the data in different streams arrive within a bounded latency between them. As an example, in the UL 2-stream scenario for AR consisting of pose and aggregated video streams, the bounded latency can include the maximum time difference tolerated by the AR application between the arrival of the data in the 2 streams.    
Observation 2:     In AR/VR applications with multiple data streams, in addition to per-stream QoS (e.g. PER, PDB), ensuring inter-dependency between the streams may require coordination such that the data in different streams arrive within a bounded latency between them.
In this regard, in addition to the individual QoS requirement assigned to each stream, there needs to be a joint QoS requirement that all streams associated with an application must fulfil jointly. Therefore, RAN1 should study to determine and agree on a joint QoS requirement for XR applications supporting multiple data streams in DL/UL.
 
Proposal 3:  	RAN1 to study to determine a joint QoS requirement (e.g. inter-stream bounded latency) that all streams belonging to an XR application must jointly fulfil when performing transmissions in DL/UL
2.3 Remaining Issues on UL Traffic Model
In UL AR there can be multiple traffic streams originating from the different functions/encoders the AR device [2]. From the description of device architecture in [2], there can be 2 categories of traffic streams generated from the AR device: video traffic streams and non-video traffic streams. The traffic types and characteristics of the non-video streams can include the following:
The characteristics of the non-video traffic streams in UL are as follows: 
· User Actions (e.g. tracking data from sensors)
· Packet arrival: Aperiodic and correlated with user activity. Inter-packet arrival follows exponential distribution
· Packet size: Variable depending on the application (i.e. typically Gaussian distribution)
· Control Data (e.g. protocol flow control, keep alive messages)
· Packet arrival: Periodic (e.g. 1/100Hz, 1/10Hz). Dedicated periodic flows may exist for indicating lifecycle status.
· Packet size: Variable depending on the application (i.e. typically Gaussian distribution)
Since the different video and non-video traffic streams belong to the same AR application, whether application-level QoS is satisfied or not depends on whether the respective QoS of each stream is satisfied. This implies that when at least one of the traffic streams is unable to meet its QoS, then the application level QoS is not met. The per-UE KPI for capacity agreed in the previous meetings captures the same understanding. 
When the characteristics of the different traffic streams differ significantly (e.g. aperiodic vs. periodic), the probability where at least one of the traffic streams is unable to meet QoS (e.g. PDB, PER) and therefore, contribute to low capacity can be high. In the case of AR, where user action traffic is aperiodic and control data traffic is periodic, it can be expected that the increase in jitter in the user action stream can result in low overall capacity even when the control data steam is delivered within its PDB. As such, for evaluating the capacity performance in UL for AR, it is important to include both the user action and control streams in the evaluations. Since the periodic control stream, along with aggregated video stream, have been agreed to be included as part of the UL evaluations for AR, due to findings related to differences in traffic characteristics and potential impacts on capacity, the inclusion of the user action stream as a third stream should be considered.   
Regarding the traffic models that can be applied for evaluating the non-video streams, the user action stream is found to be similar to the traffic model applied for NR URLLC evaluations for AR/VR use case described in TR 38.824. For the control data stream, the traffic model discussed for UL pose/control traffic agreed in previous meetings is suitable and can be used for evaluations of AR. 
[bookmark: _Hlk83799651]Observation 3: 	The traffic models applied for AR/VR use cases (TR 38.824) can be used to model the user action traffic stream in UL for AR
Proposal 4: 	RAN1 uses the user action traffic stream (i.e. as stream 3) with the following traffic model for UL evaluations for AR
· [bookmark: _Hlk83799427]Packet arrival: Aperiodic with inter-packet arrival time (average) of 10ms 
· Packet size: 200 bytes 
· PDB: 4ms
In the previous meetings, 2-streams for AR (aggregated video and pose/control) were agreed as baseline for capacity and power consumption evaluations. The baseline parameters agreed for modeling the 2 streams differ significantly from each other in terms of payload size, data rate, periodicity and PDB. 
Observation 4: 	For AR, the UL traffic characteristics of aggregated video/media stream is significantly different than the pose/control stream
The average data rate of the aggregated video stream with 10Mbps is predominantly higher than that of pose/control stream with 0.2Mbps. The data rate comparison appears to indicate that the aggregated video stream is expected to be the main factor impacting the capacity. However, it also important to observe that the capacity performance is highly susceptible to whether the PER and PDB can be met respectively for the different streams (i.e. for ensuring per-UE KPI for multiple streams). This impact on capacity can be more prominent when considering multiple streams in UL which have significantly different traffic characteristics. 
An increase in latency or packet errors for the pose/control or user action streams due to possible imbalanced multiplexing between the streams in UL, especially considering higher periodicity of the pose/control stream or aperiodic arrival of user action stream, can result in reducing the capacity. In this regard, both the non-video streams can impact the capacity significantly despite their relatively lower data rate. As such, it is important to evaluate the capacity performance for AR in UL using 3 streams as baseline, including the video and non-video streams.     
Observation 5: 	For AR, due to the per-UE KPI requiring equal importance for all streams for meeting the respective PDB and PER and pairing of different streams with significant differences in traffic characteristics, the non-video streams (e.g. pose/control, user actions) can have major impact on the capacity achievable 
Proposal 5: 	RAN1 uses 3 traffic streams in UL for AR (i.e. aggregated video/media, pose/control and user actions) as baseline for capacity evaluations
3 Conclusion
In this contribution, remaining issues on XR evaluation methodology are discussed and the following observation were made: 
Observation 1: 	The benefit of comparing capacity results is to identify whether there is a gain in capacity during data transmission when using 2 streams compared to using a single stream which may contain the aggregated traffic from the 2-streams.
Observation 2:     In AR/VR applications with multiple data streams, in addition to per-stream QoS (e.g. PER, PDB), ensuring inter-dependency between the streams may require coordination such that the data in different streams arrive within a bounded latency between them.
Observation 3: 	The traffic models applied for AR/VR use cases (TR 38.824) can be used to model the user action traffic stream in UL for AR
Observation 4: 	For AR, the UL traffic characteristics of aggregated video/media stream is significantly different than the pose/control stream
Observation 5: 	For AR, due to the per-UE KPI requiring equal importance for all streams for meeting the respective PDB and PER and pairing of different streams with significant differences in traffic characteristics, the non-video streams (e.g. pose/control, user actions) can have major impact on the capacity achievable 
Based on the observation, the following conclusions were made:
Proposal 1: 	RAN1 supports comparison of the capacity results between two-stream model and single stream model (i.e. reference model) in DL and UL evaluations
Proposal 2: 	RAN1 uses a reference single-stream model with evaluation parameters determined as a combination of the parameters of the 2-stream model (e.g. PDB of reference single-stream is min(PDB1, PDB2)) when comparing the capacity results
Proposal 3: 	RAN1 to study to determine a joint QoS requirement (e.g. inter-stream bounded latency) that all streams belonging to an XR application must jointly fulfil when performing transmissions in DL/UL
Proposal 4: 	RAN1 uses the user action traffic stream (i.e. as stream 3) with the following traffic model for UL evaluations for AR
· Packet arrival: Aperiodic with inter-packet arrival time (average) of 10ms 
· Packet size: 200 bytes 
· PDB: 4ms
Proposal 5: 	RAN1 uses 3 traffic streams in UL for AR (i.e. aggregated video/media, pose/control and user actions) as baseline for capacity evaluations
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