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1	Introduction
RAN#102 agreed to the following objectives in the Rel-19 XR WID “NR XR Phase 3” [1]:
	The Rel-19 XR ph3 objectives are as follows:
· 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).
· Specify enhancements to enable transmission/reception in gaps/restrictions that are caused by RRM measurements (from inter-frequency RRM measurement gaps, or intra-frequency measurements, or other scheduling restrictions etc). [RAN1, RAN2, RAN4] 
· Specify the corresponding measurement gap and scheduling restriction to enable the identified enhancements with RRM performance impact taken into consideration, work being triggered by LS. [RAN4]
· Specify Enhancements for Scheduling, as follows: 
· For the UL, Study and if justified, Specify enhancements using delay/deadline information, for support of UL scheduling to enable high XR capacity while meeting delay requirements/avoiding too late PDUs. [RAN2].
· Note: LCP implementation complexity need to be taken into account when evaluating solutions.
· Note: Check in RAN#105
· Specify the following user plane enhancements [RAN2]
· RLC re-transmission related enhancements for operation of RLC Acknowledged Mode (AM) with small packet delay budget. 
· If justified, define a mechanism for transmitter to inform the receiver of SN gap (or missing SNs) in PDCP.
· Specify Core requirements related to the above objectives as necessary [RAN4]

Note: 	Whether / to what extent network exposure / RAN awareness / e.g. RAN involved rate control, possibly additional info for DL scheduling, parallel with SA2 work, shall be covered in this WI is TBD.


Regarding the first objective on multi-modality, the WID provides the following justification:
	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.




In this paper we discuss multi-modality and DRX enhancements belonging to the multi-modality objective of improving the power consumption while meeting the multi-modal QoS requirements.
Discussion on Multi-Modality handling
In RAN2#125 companies proposed to study various things related to the handling of Multi-modal traffic flows. As such companies were inclined to send LS’s to SA2 to inquire about new requirements and traffic information for which RAN can make use of for the handling of multi-modal traffic flows. First we would like to reiterate that the study objective clearly states that efficiency enhancements are expected to be visible in terms of capacity or power consumption. Thus before any LS’s inquiring about additional information to be provided to RAN there is a need to evaluate the capacity or power saving gains of the proposed solutions.
[bookmark: _Toc165905686][bookmark: _Toc165652994]RAN2 shows gains capacity or power saving gains of proposed solutions before sending LS to SA2.
Moreover, we note that SA2 have already studied this topic back in Rel-18 concluding with no impact to RAN. SA2 did however introduce a Multi-Modality Service ID (MMSID) signalled from the Application Function (AF) to the Policy Control Function (PCF) for which the PCF may use to derive the QoS Profile for the given traffic flow. We further note that such Service ID does not describe any RAN level or service requirement related to the flow but only an ID indicating that the flow is of the type Multi-Modal. It does not indicate any form of inter-dependency between multi flows or carry any other information pertaining to the joint treatment of multiple flows in CN or RAN. Thus, forwarding such ID to RAN is meaningless as it does not add any information on top of what is already provided in the QoS profile. 
[bookmark: _Toc165653058][bookmark: _Toc166145755]The MMSID doesn’t put any requirement on RAN
[bookmark: _Toc165653059][bookmark: _Toc166145756]Signalling the MMSID to RAN does not add useful information for the handling of MM traffic flows.
MMSID is not forwarded to RAN.
It is our view that the handling of multi-modal flows is already made possible by the existing specification. With the CN already able to differentiate flows, assigning different QoS Profiles per QFI the RAN can handle the traffic flows according to the individual flow requirements. There is no indication that synchronisation requirements are needed if the CN can adequately map the flows to corresponding QoS profiles. 
[bookmark: _Toc165653060][bookmark: _Toc166145757]Multi-modal synchronisation requirements can already be met today by mapping individual flows to corresponding QoS Profiles
For scheduling there has been no evidence provided that synchronisation between different traffic flows is needed. Instead it should be noted that there are indications that dynamically changing the prioritization between flows is a complicated task with potential negative performance impacts, as is shown in our sister contribution on UL scheduling enhancements (R2-2404514) where the introduction of a delay aspect in the LCP algorithm results in degraded XR capacity. Current assumption is thus that it is sufficient to do scheduling based on the individual flows QoS requirements both in DL and UL direction, e.g. prioritization is based on time requirements and bit rates. Based on the lack of evidence of any benefits our proposal is to not introduce any new synchronisation aspects in the scheduling algorithms for handling multi-modality traffic.
[bookmark: _Toc165905687][bookmark: _Toc165652995]It is sufficient to handle multi-modality traffic through legacy scheduling, i.e. prioritization is based on individual QoS flow requirements, and no new synchronization aspects need to be introduced.

[bookmark: _Ref178064866]2	Discussion on DRX Enhancements for XR
2.1 Handling multiple flows with multiple active DRX configurations
The interleaved pattern of multiple (quasi-)periodic XR flows that are running in parallel creates irregular and short sleep opportunities. Current C-DRX solutions allow the NW to configure only one DRX configuration per serving cell, which cannot match the traffic characteristics of all XR flows. Thus, it cannot closely follow the short sleep opportunities and results in either low power saving gains, or in a long traffic delay. 
Our proposed solution is to support multiple active DRX configurations. With this solution, the NW provides multiple DRX configurations to a UE, all running in parallel. By doing so, the network could use XR traffic information such as traffic periodicity or jitter characteristics, provided for instance by the application, to configure DRX in a way that the DRX parameters in each configuration match each individual (quasi-)periodic traffic flow. The UE monitors the PDCCH while the drx-onDurationTimer (or drx-InactivityTimer, or Active Time) is running in any of the DRX configurations.
An example is shown in Figure 1, for two DRX configurations that are selected to match the parameter values (periodicity and alignment) of two traffic flows. The DL time slots in the TDD pattern in which the UE monitors the PDCCH are shaded in black. Thus, the multi-flow solution is able to follow the irregular time gaps due to the interleaved traffic flows and save UE power, while ensuring a low delay.  

 [image: ]
[bookmark: _Ref101429467]Figure 1. Illustration of multi-flow DRX with two configurations, each matching a DL traffic flow: the cycle and drx-onDurationTimer in green follow the video flow (16.66 ms period) and the DRX configuration in magenta follows the audio flow (10 ms period). The video traffic experiences a random jitter of ±4 ms with a truncated Gaussian distribution around the mean traffic period.

Table 1, Table 2, and Table 3 show example simulation results for two downlink traffic flows (video and audio) and one UL flow (pose). The difference between the tables consists in the video traffic periodicity and audio packet delay budget (PDB) – underlined in the table titles. For all results, the simulation methodology in [2] and the assumptions in Annex A are considered. The UE power saving gain (PSG) is estimated vs. Always On. According to the capacity definition in [2], there need to be at least 90% satisfied UEs, where a UE is satisfied if all its flows meet their own PDB requirements (99% of the application packets transmitted within their PDB). 
[bookmark: _Ref108451435]Table 1 Results for 8 UEs/cell and VR multi-stream traffic: DL video (60 fps, 30 Mbps, ±4 ms jitter, 10 ms PDB), DL audio (10 ms periodicity, 30 ms PDB), UL pose (4 ms periodicity, 10 ms PDB)
	Power Saving Scheme
	DRX cycle (ms)
	drx-onDurationTimer (ms)
	drx-InactivityTimer (ms)
	% of satisfied UE
	Mean PSG of all UEs
	Mean PSG of satisfied UEs

	Always On
	-
	-
	-
	92.1%
	-
	-

	R15/16 Long DRX 
	10
	8
	4
	85.5%
	5.7%
	5.8%

	R15/16 Short DRX
	4
	2
	4
	82.9%
	6.7%
	6.8%

	Rel-18 non-integer DRX
	16.66 
	10
	4
	89.6%
	8.1%
	8.2%

	Multiple active DRX
	16.66
	10
	4
	91.1%
	6.0%
	6.0%

	
	10
	2
	4
	
	
	



[bookmark: _Ref118279530]Table 2 Results for 8 UEs/cell and VR multi-stream traffic: DL video (60 fps, 30 Mbps, ±4 ms jitter, 10 ms PDB), DL audio (10 ms periodicity, 10 ms PDB), UL pose (4 ms periodicity, 10 ms PDB)
	Power Saving Scheme
	DRX cycle (ms)
	drx-onDurationTimer (ms)
	drx-InactivityTimer (ms)
	% of satisfied UE
	Mean PSG of all UEs
	Mean PSG of satisfied UEs

	Always On
	-
	-
	-
	92.1%
	-
	-

	R15/16 Long DRX
	10
	8
	4
	85.5%
	5.7%
	5.8%

	R15/16 Short DRX
	4
	2
	4
	82.9%
	6.7%
	6.7%

	Rel-18 non-integer DRX
	16.66 
	10
	4
	63.5%
	8.1%
	14.0%

	Multiple active DRX
	16.66 
	10
	4
	91.1%
	6.0%
	6.0%

	
	10
	2
	4
	
	
	



[bookmark: _Ref161676172]Table 3 Results for 5 UEs/cell and VR multi-stream traffic: DL video (30 fps, 30 Mbps, ±4 ms jitter, 10 ms PDB), DL audio (10 ms periodicity, 10 ms PDB), UL pose (4 ms periodicity, 10 ms PDB)
	Power Saving Scheme
	DRX cycle (ms)
	drx-onDurationTimer (ms)
	drx-InactivityTimer (ms)
	% of satisfied UE
	Mean PSG of all UEs
	Mean PSG of satisfied UEs

	Always On
	-
	-
	-
	94.3%
	-
	-

	R15/16 Long DRX
	10
	8
	4
	89.0%
	6.3%
	6.3%

	R15/16 Short DRX
	4
	2
	4
	87.4%
	8.1%
	8.1%

	Rel-18 non-integer DRX
	33.33 
	10
	4
	0%
	19.6%
	-

	Multiple active DRX
	33.33 
	10
	4
	93.4%
	14.1%
	14.3%

	
	10
	2
	0
	
	
	



The results in all tables show that none of the legacy Long DRX, Short DRX, or non-integer DRX can reach 90% satisfied UEs. All these legacy variants thus decrease the XR capacity compared to Always On. The most severe case is in Table 3 (video 30 fps and audio with 10 ms PDB), where non-integer DRX results in 0% satisfied UEs. By contrast, multiple active DRX always exceeds 90% satisfied UEs and can also save UE power up to 14.3%.  
[bookmark: _Toc115075967][bookmark: _Toc115269960][bookmark: _Toc165653061][bookmark: _Toc166145758]A single DRX configuration matched to a traffic flow may not be suitable to fulfil the PDBs of other traffic flows, resulting in down to zero capacity.
[bookmark: _Toc115075968][bookmark: _Toc115269961][bookmark: _Toc165653062][bookmark: _Toc166145759]Multiple active DRX configurations, each matching a traffic flow, are suitable to achieve both high UE power saving gains and many satisfied UEs, if a single DRX configuration matched to one flow does not satisfy the PDBs of other flows.
[bookmark: _Toc115075974][bookmark: _Toc115269955][bookmark: _Toc165905688][bookmark: _Toc165652996]Support multiple active DRX configurations to limit the delay and optimize power saving of UEs with multi-flow XR services.

2.2 Relaxing the limitation for configuring secondary DRX group
Two DRX groups can be configured per UE in case of carrier aggregation (CA). However, only the drx-onDurationTimer and drx-InactivityTimer can be configured with different values for the two DRX groups, whereas the other DRX parameter values must be the same. This is too restrictive and we show that enhancing the DRX groups to allow independent parameter values per DRX group is beneficial for XR traffic. 
As a DRX group enhancement example, we consider different drx-StartOffsets for the different DRX groups. This allows to handle video jitter when CA is employed, by better covering the expected arrival of the video packets, as follows. The first DRX group can be configured for e.g. the PCell with a long drx-onDurationTimer that covers the entire jitter range, to limit delay. The secondary DRX group can be configured for e.g. the SCell to have a shorter drx-onDurationTimer (covering part of the jitter range) and an enhanced and shifted drx-StartOffset, to cover the second half of the jitter range. This saves UE power by not monitoring the SCell during the first half of the jitter range, and does not increase the traffic delay too much, since the highest probability of traffic arrival is in the middle of the jitter range.  
Table 4 shows simulation results for two downlink traffic flows (video and audio) and one UL flow (pose). As in Section 3.1, the simulation methodology in [2] and the assumptions in Annex A are considered. The UE power saving gain (PSG) is estimated vs. Always On. According to the capacity definition in [2], there need to be at least 90% satisfied UEs, where a UE is satisfied if all its flows meet their own PDB requirements (99% of the application packets transmitted within their PDB). 
[bookmark: _Ref161996706]Table 4 Results for FR1+FR2 CA, 4 UEs/cell and VR multi-stream traffic: DL video (60 fps, 60 Mbps, ±4 ms jitter, 10 ms PDB), DL audio (10 ms periodicity, 30 ms PDB), UL pose (4 ms periodicity, 10 ms PDB)
	Power Saving Scheme
	DRX cycle (ms)
	drx-onDurationTimer (ms)
	drx-InactivityTimer (ms)
	% of satisfied UE
	Mean PSG of all UEs
	Mean PSG of satisfied UEs

	Always On
	-
	-
	-
	93.6%
	-
	-

	Legacy 1 DRX group
	16.66 
	10
	4
	93.3%
	16.0%
	16.1%

	Legacy 2 DRX groups
	Both groups: 16.66
	Group 1: 10
Group 2: 5
	Group 1: 4
Group 2: 2
	83.8%
	26.8%
	27.2%

	Enhanced 2 DRX groups (independent drx-StartOffset): 3 ms delayed cycle start of group 2 versus group 1 
	Both groups: 16.66
	Group 1: 10
Group 2: 5
	Group 1: 4
Group 2: 2
	90.0%
	27.5%
	27.7%



The results show that with the enhancement of independent configuration parameters per DRX group, a significant PSG of around 27% can be achieved, while also increasing the percentage of satisfied UEs versus the legacy case of two DRX groups with only drx-onDurationTimer and drx-InactivityTimer being different among the two groups.
[bookmark: _Toc165653063][bookmark: _Toc166145760]Having different drx-StartOffsets for the DRX groups can improve the number of satisfied UEs when the groups have different drx-onDurationTimer and drx-InactivityTimer.
[bookmark: _Toc165905689][bookmark: _Toc165652997]Support independent configuration parameters for the secondary DRX group.  

Conclusion
In the previous sections we made the following observations: 
Observation 1	The MMSID doesn’t put any requirement on RAN
Observation 2	Signalling the MMSID to RAN does not add useful information for the handling of MM traffic flows.
Observation 3	Multi-modal synchronisation requirements can already be met today by mapping individual flows to corresponding QoS Profiles
Observation 4	A single DRX configuration matched to a traffic flow may not be suitable to fulfil the PDBs of other traffic flows, resulting in down to zero capacity.
Observation 5	Multiple active DRX configurations, each matching a traffic flow, are suitable to achieve both high UE power saving gains and many satisfied UEs, if a single DRX configuration matched to one flow does not satisfy the PDBs of other flows.
Observation 6	Having different drx-StartOffsets for the DRX groups can improve the number of satisfied UEs when the groups have different drx-onDurationTimer and drx-InactivityTimer.

Based on the discussion in the previous sections we propose the following:
Proposal 1	RAN2 shows gains capacity or power saving gains of proposed solutions before sending LS to SA2.
Proposal 2	To handle multi-modality traffic it is sufficient with legacy scheduling, i.e. prioritization is based on individual QoS flow requirements, and no new synchronization aspects need to be introduced.
Proposal 3	Support multiple active DRX configurations to limit the delay and optimize power saving of UEs with multi-flow XR services.
Proposal 4	Support independent configuration parameters for the secondary DRX group.
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Annex A: Simulation assumptions

For all simulation results, dynamic grant (DG) is used for the DL video flow and DL audio flow, while configured grant (CG) is configured for the UL pose flow, so this flow does not affect the DRX configuration. 

The UE power consumption model is adopted from [3], with the additional UL power modelling in [2], namely linear interpolation method in linear scale for UE Tx power values other than 0 dBm and 23 dBm. Other parameters are summarized in Tables A.1 and A.2. 

Table A.1: System simulation parameters
	Parameter
	Deployment scenarios

	
	Dense Urban 
(38.913 w/ following parameters)


	Layout
	9cells with wraparound
ISD: 200m

	Channel model
	UMa (38.901)

	UE Distribution
	80% indoor, 20% outdoor single carrier/ 100% Outdoor carrier aggregation FR1+FR2

	Carrier frequency
	4 GHz FR1/ 28 GHz FR2

	Subcarrier spacing
	30 kHz FR1/ 120 kHz FR2

	BS height
	25m

	UE height
	For Dense urban and Urban Macro, the UE height for indoor UEs is updated as following based on Table 6-1 in TR 36.873.
	UE height (hUT) in meters
	general equation for UE height
	hUT=3(nfl – 1) + 1.5

	
	nfl for outdoor UEs
	1

	
	nfl for indoor UEs
	nfl ~ uniform(1,Nfl) where
Nfl ~ uniform(4,8)




	BS noise figure
	5 dB

	UE noise figure
	9 dB

	BS receiver
	MMSE-IRC

	UE receiver
	MMSE-IRC

	Channel estimation
	Realistic

	UE speed
	3 km/h

	MCS
	Up to 256QAM

	BS Antenna Pattern
	3-sector antenna radiation pattern, 8 dBi

	BS Antenna Configuration 
	64 TxRU, (M, N, P, Mg, Ng; Mp, Np) = (8,8,2,1,1;4,8)
(dH, dV) = (0.5λ, 0.5λ), (Carrier aggregation FR1/FR2 32/32 TxRU)

	UE Antenna Pattern
	Omni-directional, 0 dBi

	UE Antenna Configuration 
	2T/4R, (M, N, P, Mg, Ng; Mp, Np) = (1,2,2,1,1;1,2), (dH, dV) = (0.5, N/A)λ

	Down Tilt 
	12 degrees

	BS Transmit Power
	44 dBm per 20 MHz

Note: For system BW larger than above, Tx power scales up accordingly.

	UE max tx power
	23dBm

	System Bandwidth
	100 MHz



Table A.2: Other assumptions
	TDD Configuration 
	DDDSU single carrier/ DDDU carrier aggregation FR1+FR2

	Scheduler
	SU-MIMO PF scheduler 

	PHY processing delay
	UE PDSCH processing Capability #1
DL NACK to retransmission delay 1.5ms

	DMRS overhead
	1 DMRS symbol per PDSCH

	Power control parameter
	alpha: 0.8

	Transmission scheme
	Reciprocity-based precoding 

	Configured Grant
	On
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