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1.	Introduction
According to WID of Rel-19 XR[1], it is aimed to support multi-modal traffic in XR with inter-dependencies, including capacity enhancements and power saving operation.
	· Study and if justified, specify aspects related to multi-modality (intra-UE) (with coordination with SA2/SA4 as needed by LS request). Aim to facilitate efficient and effective support for XR application with Multiple QoS flows with multi-modal inter-dependencies, meeting multi-modal QoS requirements, e.g. synchronization and/or coordination. Efficiency enhancements are expected to be visible in terms of capacity or power consumption. [RAN2]. 
· Note: Check in RAN#105 (check also other WG involvement if needed).



This document shows our initial views to support multi-modality in XR
2.	Discussion
Discussion on QoS flow – DRB mapping for multiple QoS flows with multi-modality
In Rel-18 XR, it is studied whether the different PDU sets can be mapped into different QoS flows and different DRBs, in order to consider different PDU set importance of PDU sets. Based on the coordination with SA2/SA4, it was clarified that different PDU set in the same QoS flows have same PSER, PSDB, and PSIHI, so there was no critical need to support the mapping of multiple QoS flows with different QoS requirements in the single DRB. In this sense, in TR 38.835[2], it is agreed to support N QoS flow – 1 DRB mapping only if the QoS requirements of different PDU sets are same. 
	Depending on how the mapping of PDU Sets onto QoS flows is done in the NAS and how QoS flows are mapped onto DRBs in the AS, we can distinguish the following alternatives (as depicted on Figure 5.1.2-1 below):
-	111: one-to-one mapping between types of PDU Sets and QoS flows in the NAS and one-to-one mapping between QoS flows and DRBs in the AS. From a Layer 2 structure viewpoint, this alternative is already possible and requires as many DRBs as types of PDU Sets. Providing different QoS for the types of PDU Sets sent in different DRBs is already possible.
-	NN1: one-to-one mapping between types of PDU Sets and QoS flows in the NAS and possible multiplexing of QoS flows in one DRB in the AS. From a Layer 2 structure viewpoint, this alternative is already possible but gives each QoS flows multiplexed in a DRB the same QoS. Providing different QoS for the types of PDU Sets (i.e. QoS flows) multiplexed in a single DRB is currently not possible.
-	N11: possible multiplexing of types of PDU Sets in one QoS flow in the NAS and one-to-one mapping between QoS flows and DRBs in the AS. From a Layer 2 structure viewpoint, this alternative is already possible but gives each QoS flow/DRB one QoS. Providing different QoS for the types of PDU Sets multiplexed in a single QoS flow/DRB is currently not possible.
-	N1N: possible multiplexing of types of PDU Sets in one QoS flow in the NAS and demultiplexing of types of PDU Sets from one QoS flow on multiple DRBs in the AS. From a Layer 2 structure viewpoint, demultiplexing of types of PDU Sets from one QoS flow onto multiple DRBs is currently not possible.
NOTE:	The multiplexing of several types of PDU sets on the same QoS flow is allowed by the CN.


Observation 1. In Rel-18 XR, N QoS flows to 1 DRB mapping is supported only for the same QoS, since there was no critical need to support the mapping of multiple QoS flows with different QoS in the single DRB.

On the other hand, according to TR 22.847[3], for multi-modal traffic in XR service, there are different types of data for XR user experience, including Video/Audio data, haptic data, and sensor data, with different QoS flow requirements (e.g., latency, data rate, and/or reliability). In multi-modal XR application, coordinated transmission of multi-modal data from multiple QoS flows is essential, since the asynchronous transmission of multi-modal data degrades the XR user experience.
	[PR 5.1.6-2] Due to the separate handling of the multiple media components, synchronization between different media components is critical in order to avoid having a negative impact on the user experience (i.e. viewers detecting lack of synchronization). Applying synchronization thresholds in the 5G system may be helpful in support of immersive multi-modal VR applications when the synchronization threshold between two or more modalities is less than the latency KPI for the application. Typical synchronization thresholds (see [22], [23], [24] and [25]) are summarised in table 5.1.6-2.
Table 5.1.6-2: Typical synchronization thresholds for immersive multi-modal VR applications
	
	synchronization threshold (note 1)

	audio-tactile
	audio delay:
50 ms
	tactile delay:
25 ms

	visual-tactile
	visual delay:
15 ms
	tactile delay:
50 ms

	NOTE 1:  For each media component, “delay” refers to the case where that media component is delayed compared to the other.






In order to support the multi-modality in XR service as defined in TR 22.847, in Rel-19 XR WID [1], it is suggested to support multiple QoS flows with multi-modal inter-dependencies, e.g., synchronization and/or coordination by meeting multi-modal QoS requirements.
	This WI aims to facilitate efficient and effective support for XR application with Multiple QoS flows with multi-modal inter-dependencies, meeting multi-modal QoS requirements, e.g. synchronization and/or coordination, see also TR 22.847, TR 23.700 60. Efficiency enhancements are expected to be visible in terms of capacity or power consumption. Related Potential Impacts has been proposed as follows: a) Enhanced RAN Awareness, by signaling from Core Network and/or indication by UE, b) Enhancements User Plane, e.g. Scheduling, LCP, Resource allocation, Discard. c) Support for multiple DRX configurations, without the potentially problematic restrictions of Pre-Rel-19 2nd DRX. 


Observation 2. In order to support the multi-modal XR application in Rel-19, a mechanism is needed to support inter-QoS flows dependencies, e.g., synchronization and/or coordination.

Given that there is a new requirement to support the inter-QoS flow dependency for multi-modal XR traffic in Rel-19 XR, there are two options to handle the different QoS flows with different QoS to meet multi-modal QoS requirements.
· Option 1: reuse the mapping of N QoS flow – N DRB mapping, if the QoS requirements of each QoS flow are different. Then, define additional mechanisms to support the newly defined multi-modal QoS requirements, e.g., to support synchronization threshold between data units from two or more QoS flows.
· Option 2: allow the mapping of N QoS flow – 1 DRB mapping, even though the QoS requirements of each QoS flow are different. Then, define additional mechanisms to support the newly defined multi-modal QoS requirements within the unified entity (e.g., PDCP layer).
[image: ]
Figure 1. QoS flow to DRB mapping for multi-modal QoS flows

For Option 1, existing PDCP and RLC functions can be reused in order to support the QoS requirements for each QoS flow. However, in order to define a mechanism for inter-QoS flow dependency, a new mechanism is needed for cross-QoS flows management (e.g., grouping of multiple DRBs and/or inter-PDCP entity or inter-RLC entity signalling), which may require a lot of further discussion. In addition, if it is needed to support in-sequence delivery for multi-modal data mapped to different DRBs, packet inspection beyond QoS flow identification is required in the recipient side, which brings heavy workload and is not preferable.
For Option 2, by using the same DRB for multi-modal QoS flows, it would be easier to define an additional QoS requirement (e.g., synchronization threshold) for multi-modal traffics within the same entity (e.g., in PDCP layer). On the other hand, as one DRB is mapped to multiple QoS flows with different QoS requirements, additional mechanisms to handle data from different QoS flow is needed, e.g., applying different PDCP discard timer for data from different QoS flows.
In our view, in order to apply the new multi-modal QoS requirements for multiple QoS flows, it would be easier to handle the multi-modal traffics using the single DRB (i.e., Option 2). Given that additional discard timer for low PSI is already defined in Rel-18 XR, applying the multiple PDCP discard timer for each PDCP SDU may not be critical issue. In this sense, in order to support multi-modal XR applications with inter-QoS flows dependency, multiplexing of multiple QoS flows with different QoS in a single DRB should be supported in Rel-19 XR.
Proposal 1. Study to support multiplexing of multiple QoS flows with different QoS in a single DRB in Rel-19 XR.
If it is agreed to support the same DRB for different QoS, different QoS management is needed for each QoS flow within a single DRB. For example, as mentioned above, data from different QoS flows can be applied with different PDCP discard timer to handle the different latency requirements of each QoS flow. In addition, in order to handle the different priority or reliability requirements, data in different QoS flows may be split to the different RLC entities, in order to apply the different logical channel priorities, RLC mode (e.g., AM RLC or UM RLC), and/or duplication for each QoS flow with different QoS. 
Proposal 2. If multiplexing of multiple QoS flows with different QoS in a single DRB is supported, study to support 1 DRB to N RLC mapping for different handling of data with different QoS.

Aspects on synchronization of data from different QoS flows
According to TR 22.847, one of the main requirements of the multi-modal XR service is to ensure the synchronized transmission of data units from different QoS flows. For example, if there is video data 1 and an audio data 1 associated with video data 1, the user experience of XR application will be deteriorated if a video data 1 is delivered to upper layer later than the synchronisation thresholds from the delivery time point of audio data 1.
	Immersive multi-modal VR application describes the case of a human interacting with virtual entities in a remote environment such that the perception of interaction with a real physical world is achieved. Users are supposed to perceive multiple senses (vision, sound, touch) for full immersion in the virtual environment.  The degree of immersion achieved indicates how real the created virtual environment is. Even a tiny error in the preparation of the remote environment might be noticed, as humans are quite sensitive when using immersive multi-modal VR applications. Therefore, a high-field virtual environment (high-resolution images and 3-D stereo audio) is essential to achieve an ultimately immersive experience.
One of the major objectives of VR designers and researchers is to obtain more realistic and compelling virtual environments. As the asynchrony between different modalities increases, users’ sense of presence and realism will decrease. There have been efforts (since 1960s or even earlier) in multi-modal-interaction research regarding the detection of synchronisation thresholds. The obtained results vary, depending on the kind of stimuli and the psychometric methods employed. Hirsh and Sherrick measured the synchronisation thresholds regarding visual, auditory and tactile modalities [23]. 



However, according to the current specification, there is no mechanism to ensure the simultaneous transmission of data units from different QoS flows. For example, assume that Data 1 and Data 2 in Figure 2 are required to be delivered within the synchronisation threshold. Then, in MAC layer, the data is transmitted using the LCP procedure, based on the static logical channel priority for each LCH, and it is possible to transmit the Data 2 after the synchronisation threshold from the transmission time point of Data 1 in Figure 2. In PDCP layer of receiver side, received data unit is delivered to the upper layer based on the re-ordering function in each PDCP entity (e.g., Data 1), without considering whether the other data is delivered or not. In this sense, it is possible to deliver the Data 2 after the synchronisation threshold from the delivery time point of Data 1.
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Figure 2. Data transmission and delivery procedure

Therefore, a RAN-level method is needed in order to ensure that multi-modal data associated with different QoS flows are delivered to the recipient within the synchronisation time threshold. For example, in transmitter side, the multi-modal data can be transmitted in the same MAC PDU or the transmission of multi-modal data is prioritized over to other data, in order to ensure that multi-modal data is transmitted within the synchronisation time threshold. In receiver side, an additional mechanism may be defined to deliver the multi-modal data simultaneously to the upper layer.
Proposal 3. Study a mechanism for synchronized transmission of data from different QoS flows within the synchronisation time threshold.

DRX enhancement for Multi-modal support in XR
According to WID of Rel-19 XR [1], in addition to method to handle multiple QoS flows with inter-QoS flows dependencies, the efficiency enhancement for capacity and power consumption needs to be studied for multi-modality, as one of objective.
In Rel-18 XR, RAN2 studied XR-specific power saving to accommodate XR service characteristics (e.g. periodicity, multiple flows), and in RAN2#119bis-e, RAN2 agreed to consider RRC pre-configuration and switching of configurations for DRX, i.e., switching configuration between multiple DRX configuration. 
However, in RAN#98-e, it was decided to narrow down the topic to DRX enhancement for non-integer periodicity, and RAN2 agreed to use one DRX configuration with non-integer DRX cycle. Thus, currently, the optimized DRX method considering different periodicities is not supported.
Meanwhile, as mentioned above, for multi-modal traffic in XR service, there are different types of data, and each type of data may require different periodicities. 
In addition, according to TR 38.838 [4], it is beneficial for power saving to start onDuration aligning with each XR DL traffic arrival time or to use multiple DRX pattern. That is, there is power saving gain if DRX configuration is configured considering the traffic characteristics. The following table shows the result of power saving evaluation in [4].
	8.3.3.1.1.1	DL+UL joint evaluation
Table 8.3.3.1.1.1-1: Summary of FR1, DL+UL power evaluation results for eCDRX
	Scen-arios
	App
	DL Bit rate (Mbps)
	PS scheme, Note 2
	PSG (%), Note 1,4
	Source

	
	
	
	
	Mean (%)
	Range (%)
	

	DU
	VR
	30
	eCDRX
	11.64
	4.51 ~ 23.49
	Source 18, Source 7, Source 16

	
	CG
	30
	eCDRX
	6
	
	Source 7

	
	AR (UL 1/2 streams)
	30
	eCDRX
	11.06
	4.6 ~ 20.77
	Source 18

	InH
	VR
	30
	eCDRX
	17.63
	7.23 ~ 25.12
	Source 20, Source 18

	
	
	45
	eCDRX
	25.64
	25.63 ~ 25.65
	Source 20

	
	CG
	30
	eCDRX
	18.25
	18.23 ~ 18.26
	Source 20

	
	AR (UL 1/2 streams)
	30
	eCDRX
	12.23
	4.82 ~ 23.61%
	Source 18

	Note 1 : PSG was computed for the cases only with marginal loss in % of DL+UL satisfied UE.
Note 2: The CDRX configurations considered in each case could be different. The details of considered eCDRX configurations in this table are listed in the following tables.
Note 3: For comparison with R15/16 CDRX results, see clause 9.3.1 including baseline performance evaluation results.
Note 4: The PSG is computed with respect to power consumption of AlwaysOn scheme.



8.3.3.1.1.2	DL-only evaluation
Table 8.3.3.1.1.2-1: Summary of FR1, DL-only power evaluation results for eCDRX
	Scen-arios
	App
	DL Bit rate (Mbps)
	PS scheme, Note 2
	PSG(%), Note 1,4
	Source

	
	
	
	
	Mean (%)
	Range (%)
	

	DU
	VR
	30
	eCDRX
	15.70
	5.76 ~ 34.95
	Source 9, Source 18, Source 7, Source 16

	
	
	45
	eCDRX
	18.14
	9.72 ~ 27.26
	Source 18

	InH
	VR
	30
	eCDRX
	20.812
	9.36 ~ 29.43
	Source 20, Source 18

	
	
	45
	eCDRX
	19.96
	9.42 ~ 29.1
	Source 20, Source 18

	
	CG
	30
	eCDRX
	26.38
	26.38
	Source 20

	UMa
	VR
	30
	eCDRX
	18.88
	10.05 ~ 29.06
	Source 18

	
	
	45
	eCDRX
	18.22
	9.86 ~ 27.33
	Source 18

	Note 1 : PSG was computed for the cases only with marginal loss in % of DL satisfied UE.
Note 2: The CDRX configurations considered in each case could be different. The details of considered eCDRX configurations in this table are listed in the following tables.
Note 3: For comparison with R15/16 CDRX results, see clause 9.3.1 including baseline performance evaluation results.
Note 4: The PSG is computed with respect to power consumption of AlwaysOn scheme.



8.3.3.1.1.3	UL-only evaluation
Table 8.3.3.1.1.3-1: Summary of FR1, UL-only power evaluation results for eCDRX
	Scen-arios
	App
	DL Bit rate (Mbps)
	PS scheme, Note 2
	PS Gain (%), Note 1,4
	source

	
	
	
	
	Mean (%)
	Range (%)
	

	DU
	AR UL 1 / 2 streams
	10.2
	eCDRX
	25.56%
	19.89 ~ 32.02%
	Source 18

	InH
	AR UL 1 / 2 streams
	10.2
	eCDRX
	28.67%
	22.66 ~ 35.24%
	Source 18

	Note 1 : PSG was computed for the cases only with marginal loss in % of UL satisfied UE.
Note 2: The CDRX configurations considered in each case could be different. The details of considered eCDRX configurations in this table are listed in the following tables.
Note 3: For comparison with R15/16 CDRX results, see clause 9.3.1 including baseline performance evaluation results.
Note 4: The PSG is computed with respect to power consumption of AlwaysOn scheme.






Observation 3. There is power saving gain if DRX configuration is configured considering the traffic characteristics.

According to [1], multi-modal XR service can have multiple flow which may be configured to handle different periodicities of XR traffic. For example, Flow#1 is mapped to video frame and Flow#2 is mapped to audio frame. Then, the traffic periodicity of Flow#1 may be shorter than Flow#2. Thus, considering the Observation 3, in terms of power saving, it would be beneficial to apply different DRX configuration for each flow.
Observation 4. In terms of power saving, it would be beneficial to apply different DRX configuration for each flow.

However, in the current specification, it is only allowed to have two DRX groups, i.e., only two DRX configurations are allowed. In order to apply different DRX configuration for each flow, the current two DRX configurations may not be sufficient, and more than two DRX configurations should be able to be configured to support multiple flows of XR service. In our view, if each flow is allowed to be configured with different DRX configuration to fit their traffic characteristic, considerable power saving gain would be achieved. Thus, for power saving in XR, we think RAN2 should consider to allow more than two DRX configurations.
Proposal 4. RAN2 should consider to allow more than two DRX configuration.

Another point to be considered is that, XR characteristics of each flow may be changed during ongoing XR service, e.g. fps of video stream is increased. In this situation, if DRX configuration can be changed according to the changed characteristic of XR traffic, it is more beneficial for power saving.
Currently, however, DRX configuration can be changed by RRC, and it may not be sufficient to adapt quickly to the changed XR traffic characteristic during ongoing XR service. Thus, from power saving point of view, faster way to change the DRX configuration other than RRC signalling should be considered to apply DRX configuration immediately in response to change of XR traffic characteristic.
Proposal 5. RAN2 should consider how to apply DRX configuration immediately in response to change of XR traffic.

Capacity enhancement for Multi-modal support in XR
As mentioned above, for multi-modal traffic in XR service, there are different types of data and each type of data is mapped to different flow.
In the current specification, the multiple CG configuration can be used to support multiple flows. Specifically, the multiple CGs can be configured or released by the RRC signalling for Type 1 Configured Grant operation.
However, for activation of SPS/type 2 CG, only one SPS/CG can be activated by L1 signalling and confirmed. That is, if the multiple SPS/CG configurations are needed to be activated, multiple signal exchanges are required, causing a huge latency. 
Considering the XR traffic characteristics with multiple flows, it is possible that the traffic of multiple flows can be occurred simultaneously, or the traffic pattern can be changed for multiple flows. Thus, the simultaneous activation or deactivation of multiple SPS/type 2 CGs should be studied in order to efficiently activate or deactivate multiple SPS/CG configurations.
Proposal 6. RAN2 should study a mechanism to activate/deactivate multiple SPS/CGs efficiently.

Furthermore, in XR service, when the UL data is transmitted, it is likely that the related DL data is also transmitted from the network.
In the current specification, UL grant and DL assignment are provided independently, and we think this is inefficient in terms of signaling overhead. Specially, in case of that CG and SPS are activated and deactivated for periodic data, upon operating CG and SPS independently, the UE may consume unnecessary power to receive not-transmitted DL data and DL signal.
Therefore, we think how to handle efficiently UL grant and DL assignment should be studied in case of that there is UL data and related DL data is expected in XR service.
Proposal 7. RAN2 should study how to handle efficiently UL grant and DL assignment in case of that there is UL data and related DL data is expected in XR service.

3.	Conclusion
In this contribution, it is discussed how to support the multi-modal XR application. This document includes following observations.
Observation 1. In Rel-18 XR, N QoS flows to 1 DRB mapping is supported only for the same QoS, since there was no critical need to support the mapping of multiple QoS flows with different QoS in the single DRB.
Observation 2. In order to support the multi-modal XR application in Rel-19, a mechanism is needed to support inter-QoS flows dependencies, e.g., synchronization and/or coordination.
Observation 3. There is power saving gain if DRX configuration is configured considering the traffic characteristics.
Observation 4. In terms of power saving, it would be beneficial to apply different DRX configuration for each flow.

Based on the above observations, followings are proposed:
Proposal 1. Study to support multiplexing of multiple QoS flows with different QoS in a single DRB in Rel-19 XR.
Proposal 2. If multiplexing of multiple QoS flows with different QoS in a single DRB is supported, study to support 1 DRB to N RLC mapping for different handling of data with different QoS.
Proposal 3. Study a mechanism for synchronized transmission of data from different QoS flows within the synchronisation time threshold.
Proposal 4. RAN2 should consider to allow more than two DRX configuration.
Proposal 5. RAN2 should consider how to apply DRX configuration immediately in response to change of XR traffic.
Proposal 6. RAN2 should study a mechanism to activate/deactivate multiple SPS/CGs efficiently.
Proposal 7. RAN2 should study how to handle efficiently UL grant and DL assignment in case of that there is UL data and related DL data is expected in XR service.


4.	Reference
[1] RP-240111 	WID on XR (eXtended Reality) for NR Phase 3	Nokia (Rapporteur)
[2] 3GPP TR 38.835	Study on XR enhancements for NR	V18.0.1
[3] 3GPP TR 22.847	Study on supporting tactile and multi-modality	V18.2.0
[4] 3GPP TR 38.838	Study on XR (Extended Reality) Evaluations for NR	V17.0.0

1

1

image2.emf
PDCP

Tx side

Rx side

T1

T2 = T1+TH

Data

Data1

Data

Data

Data

Data

Data

Data

QoS flow1 QoS flow2QoS flow3

Data2

LCH1 LCH2 LCH3

Data Data1

Data

Data

: other data

: multi-modal data with synchronization threshold

Data Data

Data1

Deliver

Data 1

Data2

...

PDCP

Data2

Deliver Data 2 

later than T2 

Data transmission

Based on LCP

synchronisation TH


image1.emf
QoS flow 1 QoS flow 2

DRB 1

RLC 1 RLC 2

DRB 2

LCH 1 LCH 2

Interaction for 

coordination 

QoS flow 1 QoS flow 2

DRB1

RLC 1 RLC 2

LCH 1 LCH 2

Option 1. N to N mapping Option 2. N to 1 mapping 

Multi-modal QoS flows

Multi-modal QoS flows


