[bookmark: historyclause][bookmark: _Toc383764588][bookmark: _GoBack]3GPP TSG-RAN WG1 Meeting #105-e																																																					 R1-2106038
e-Meeting, May 10th – 27th, 2021
Source:	vivo
Title:	Summary of AI 8.14.4 for XR
[bookmark: Source]Agenda Item:	8.14.4
[bookmark: DocumentFor]Document for:	Information
1. Introduction
This contribution is a summary of AI 8.14.4 based on the submitted contributions [1-12] for XR. 
Summary of proposals on XR enhancements
According to the contributions [1-12] submitted under AI 8.14.4, all observations and proposals can be categorized into five enhancements areas/techniques for XR as follows:
· Capacity enhancements areas/techniques
· UE power saving areas/techniques
· Mobility enhancements areas/techniques
· Coverage enhancements areas/techniques
· Others
Capacity enhancements areas/techniques
Based on the following companies’ observations and proposals, potential capacity enhancements areas/techniques can be summarized as below:
· SPS and CG enhancements
· In contributions [1][2][3][4][6][7][12], companies propose to study SPS and CG enhancements to accommodate XR traffic, due to the specific XR traffic characteristics of non-integral period, high data rate, varying packet size, low latency, high reliability and jitter. 
· In contribution [3], company proposes to study broader set of periodicities for SPS and CG. 
· In contributions [3][6], companies propose to study multiple TBs transmission and dynamically update existing configurations for SPS and CG.
· Traffic awareness transmission
· In contributions [1][3][4][8][9][11][12], companies propose to study traffic awareness transmission due to XR traffic is nearly transparent in current network architectures, which requires interactions among application server, CN, RAN and UE. It should be noted that traffic awareness transmission would need to be coordinated with other WGs as pointed in contribution [12].
· In contributions [3][4][8][9], companies propose to study frames/streams/layers/application data units (ADUs) identification, transmission and synchronization in RAN.
· In contributions [3][4][9], companies propose to study introduce new QoS parameters by SA2, such as ADU delay budget (ADB), ADU error rate (AER), ADU content policy (ACP), 6DoF error, Layered QoS.
· CSI enhancement
· In contributions [1][12], companies propose to study CSI enhancement.
· In contribution [9], company proposes to define new KPI to reflect the user experience.
· Slot aggregation transmission
· In contribution [2], company proposes to support mini-slot aggregation transmission for DL.
· Interference coordination
· In contribution [4], company proposes to study inter-cell interference coordination.
· PDCCH enhancement
· In contribution [7], company proposes to study solutions for maintain PDCCH blockage probabilities.
· HARQ ACK/NACK enhancement
· In contribution [11], company proposes to study CBG based feedback.
Companies’ views on capacity enhancements for XR are copied and pasted as below:
	InterDigitial
	Observation 1: Synchronization between different data streams belonging to the same XR application is a useful consideration for enhancing inter-UE prioritization/multiplexing mechanisms and improving capacity.
Observation 2: The understanding at access stratum layers of certain dynamic higher layer attributes of XR can be beneficial for assisting with RAN procedures and capacity improvement.
Observation 3: NR sidelink interface can be leveraged for supporting XR stringent latency requirements at high bitrates to connect multiple UEs in a UE cluster and improve capacity performance.
Proposal 1: 	RAN1 to study enhancements for improving capacity considering support of synchronized multiple-streams and multiple-devices per application in UL/DL.

	Samsung
	Proposal 1:
Improvements for XR should include better support for semi-persistent allocations to allow for higher instantaneous data rates, efficient delivery of multiple TBs, and increased flexibility to adapt configured grant allocations to source code rates.
Proposal 2:
Improvements for XR should support solutions to maintain PDCCH blocking probabilities at levels sufficiently (e.g. an order of magnitude) below the PDCCH BLER in presence of high instantaneous data rates and tight Uu latency budgets.

	Huawei, HiSilicon
	[bookmark: _Ref71314062]Observation 1: A KPI that can reflect the impact of network transmission on user experience for XR and CG services is needed.
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.
Proposal 3: RAN1 needs to identify a KPI that can reflect the user experience in XR and CG services
· The identified KPI can reflect the impact of network transmission on the user experience.
· The identified KPI can be calculated with RAN available information, such as packet loss information, packet delay information, and potentially with some XR/CG source related information if they can be available within RAN.

	Nokia, Nokia Shanghai Bell
	Observation 1: It is recommended to further study potential SPS enhancements to better accommodate XR services. Possible enhancements to consider may include support of broader set of periodicities, support for more than one transport block transmission per periodicity, and dynamic change of an existing SPS configuration. Other SPS enhancements may also be considered.
Observation 2: Further consider the impact on XR performance in FR2 from SMTC scheduling restrictions, incl. options where the gNB may configure a UE to prioritize decoding of critical PDCCH/PDSCH transmissions from its serving cell, even if colliding with SMTC windows where the UE may perform RSRP measurements. Instructing the UE to prioritize listening to its current best antenna panel for Rx from its serving cell during such time-instances.
Observation 3: Identify how to most efficiently accommodate XR for UEs with CA between FR1 and FR2, including aspects of most efficient resource allocation and transmission of RAN user- and control-plane messages, as well as policies for handling different payloads, on the different CCs. Including aspect of dynamic MAC-based beam management and RRC-based mobility and SCell configuration/release actions, involving synchronicity between actions for the CC.
Observation 4: 6DoF error and QoS characteristics like Packet Delay Budget (PDB) and Packet Error Rate (PER) depend on each other. For example, a low PER limits the maximum 6DoF error since the additional bitrate needed to transmit the extra-information to compensate the 6DoF error may not be achievable in certain radio conditions.
Observation 5:  Consider including the 6DoF error as a new QoS characteristic for QoS Flows and 5QIs defined for interactive XR and gaming services as this is useful information for the gNB RRM decisions, including scheduling decisions.
Observation 6: XR applications may generate multiple types of frames and/or multiple types of data streams within the same flow with different characteristics and QoS requirements. Different frames and/or streams of the same XR flow may be transmitted on different carriers (in case of CA) and/or different paths (in case of MC) and experience different delay. Therefore, proper synchronization of multiple frames and/or multiple data streams generated by the same XR application should be ensured.,

	ZTE, Sanechips
	Observation 1: 		The demand of capacity is larger than current simulation results.
Observation 2: 		RAN1 can consider enhancements using the yellow information in TABLE 2.
	Name
	Type
	Semantics

	number
	BIGINT
	Unique packet number in the delivery

	time_stamp_in_micro_s
	BIGINT
	Availability time of packet for next processing step relative to start time 0 in microseconds (0 means lost).

	size
	BIGINT
	packet size in bytes.

	user_id
	BIGINT
	assigns an id to the user in order to differentiate

	buffer
	BIGINT
	The associated eye buffer 1=left 2=right
In general, differentiates application traffic for different buffers, for example audio, video, left eye, right eye. For example mapped to port or track.

	delay
	BIGINT
	Delay observed of the packet in the last processing step (-1 means lost)

	render_timing
	BIGINT
	the rendering generation timing associated to the media included in the packet.

	number_in_unit
	BIGINT
	The number of the packet within the unit (slice), start at 1

	last_in_unit
	BIGINT
	Indicates if this is the last packet in the slice/unit 0=no, 1=yes 

	type
	BIGINT
	The data type of the unit 
0 unknown
For video 1=intra 2=inter

	importance
	BIGINT
	assigned relative importance information (higher number means higher importance)



Observation 3:	Further investigate the issues and potential working areas for enhancement towards CBG based feedback.

	Ericsson
	Observation 1	Studying the feasibility and benefits of making available XR application traffic information at RAN/UE could be useful for enabling a more intelligent radio resource management.
Observation 2	This type of study would need to be coordinated with SA2 and SA4 as well as other RAN WGs.
Observation 3	Timely and accurate application traffic information report by the UE in the UL should be studied to improve capacity by efficiently allocating resource within a bounded latency and reducing waste of radio resources.
Observation 4	Studying efficient mechanisms of XR video traffic dropping is beneficial for capacity enhancement.  
Observation 5	Multiple resource allocation to handle one large video frame is expected and it would be beneficial to study potential of control signaling reduction for downlink and uplink video traffic.
Observation 6	Dynamic scheduling is more appropriate mechanism to be used for XR video traffic.
Observation 7	SPS/CG alone are not suitable mechanisms to be used for XR video traffic with large and varying packet size, and/or jitter.
Observation 8	CG is relevant to more predictable UL traffic, e.g., pose or BSR triggered by UL video, but arrival pattern matching with existing CG configuration needs to be studied.
Observation 9	Inaccurate channel quality estimation, caused by, e.g., interference variations may lead to larger delay, and/or inefficient use of the channel.
Observation 10	Improved link adaptation may be beneficial for increased XR capacity.

	Qualcomm
	Observation 13: SPS/CG optimizations can free up more resources for XR traffic leading to increase in DL/UL capacity and also UE power saving benefits.
Observation 14: Using positioning or mobility information derived from the XR application packets, the UE may trigger beam management and measurement configuration updates at the gNB. This may lead to improved XR performance.
Observation 15: Delay-aware scheduling could increase XR capacity.
Observation 16: For XR traffic support, Network Coding in the RAN protocol stack could provide performance benefits – smaller delays, smaller packet loss rate, larger capacity – compared to the baseline HARQ/PDCP duplication schemes
Observations 17: 5G QoS parameters (e.g., PDB, PER) are specified in terms of IP packets, but XR and Cloud Gaming applications consume data at a minimum granularity level of “Application Data Unit” (ADU), where an ADU can consist of multiple IP packets.
Observations 18: 5G System Capacity can benefit if ADU delay budget (ADB), ADU error rate (AER) and ADU content policy (ACP) can be specified. ADB, AER, ACP can be specified towards a 5G system if it is aware of ADUs.
Observations 19: 5G System can benefit from an awareness of the end of a burst that can contain multiple ADUs, using that information to send UEs to sleep without the need for an inactivity timer.
Observation 20: Appropriate staggering across UEs within one cell could increase XR capacity.
Observation 21: Inter-cell interference coordination among different gNBs could increase XR capacity.

	CATT
	Observation 1: The challenge of XR and cloud gaming with requirements is to support broadband URLLC (eMBB + URLLC) services with minimizing UE power consumption.
Proposal 1: To support low latency and high throughput DL transmission of XR traffic, mini-slot based DL scheduling needs to be enhanced for support of large data rate with high reliability, low HARQ delay and low control channel overhead.
Proposal 2: Grant free based transmission schemes enhancements should be considered to support low latency, large data rate transmission of XR traffic.

	vivo
	Proposal 1: Study enhancement for SPS and configure grant transmission to accommodate XR traffic.
Proposal 2: Study the following potential aspects for capacity enhancement for XR:
· CSI measurement/reporting enhancement for both initial transmission and retransmission
· UE assistance/preference information, e.g. amount of data waiting to be transmitted, PDB information, synchronization requirement etc.
· Adaptive transmission for multiple flows/streams
Proposal 4: Study cross-layer design for RAN adaptive transmission for XR traffic.

	Apple 
	Proposal: 
· If XR specific enhancements are to be made, then XR-specific traffic characteristics, especially multiple periodic data flows with variable packet sizes, should be considered.
· Study solutions with SPS/configured grant to handle data flows with non-integer periodicity for DL and UL.



UE power saving areas/techniques
In contributions [1][2][3][4][7][8][11][12], companies proposed to study power saving enhancements to accommodate XR traffic. Based on companies’ observations and proposals, potential UE power saving enhancements areas/techniques can be summarized as below:
· DRX adaptation
· DRX enhancements for XR are discussed in contributions [1][3][4] [7] [11] [12]. For XR, there may be issue of the mismatch between XR traffic period and DRX cycle. To solve this issue, DRX parameters or configurations need to be adaptively adjusted.
· DCI based PDCCH monitoring reduction
· As pointed by [1][4], the ongoing study for R17 power saving, such as search space set group switching and PDCCH skipping indication could be applied to XR traffic.
· Jitter handling
· [bookmark: _Hlk72485257]In contributions [1][4][11], packets jitter has been discussed. [11] observed that even if the mismatch problem declared in above is solved, the packets may not arrive in “DRX On” state due to jitter. One of the solutions mentioned by [1] is to extend the length/duration of DRX onduration or PDCCH monitoring to cover the jitter range (e.g. [-4, 4]ms).  In addition, both [1] and [4] proposed another jitter solution that once the data arrives at the gNB side, the network will immediately send a wake-up signal, so as to wake up UE to do PDCCH monitoring.
· UL and DL transmission alignment
· [1][4] provide their views on UL and DL transmission alignment for the purpose of power saving. [1] points out that to avoid doing transmitting/receiving during DRX off stage or PDCCH skipping duration, UL transmission can be configured according to the DRX. And other several enhancements are also proposed by [4] as follows:
· SR for dynamic grant based PUSCH scheduling
· CG based PUSCH
· DG based PUSCH
· UE assistance information
· As UE assistance information is introduced in the context of sidelink for traffic pattern indication, UE can also report some assistance or preference information to assist the network do some decisions or update aiming to power saving as mentioned in [4].
· Traffic offloading by multiple devices per application
· In contribution [8], mechanisms considering XR traffic pattern and dynamic offloading of processing to devices in a UE group is proposed.
Companies’ views on UE power saving enhancements for XR are copied and pasted as below:
	Samsung
	Proposal 3:
Improvements for XR should include solutions that allow reduced UE power consumption under the PDB constraints when in RRC_CONNECTED mode and configured with C-DRX.

	Nokia, Nokia Shanghai Bell
	Observation 7: It is recommended to further study potential DRX enhancements to better accommodate XR services. Possible enhancements to consider may include supporting periodicity resynchronization, support for DRX adaptation/reconfiguration, and dynamic change of an existing DRX configuration. Other DRX enhancements may also be considered.

	InterDigital
	[bookmark: _Hlk72486685]Observation 7: Mechanisms considering XR traffic pattern and dynamic offloading of processing to devices in a UE group can result in power saving gains.
Observation 8: Proper alignment/synchronization of transmissions from multiple streams could provide more opportunities for the XR device to operate in low power mode or extend its DRX sleep cycle.
Proposal 3: 	RAN1 to study enhancements for maximizing power savings gain considering support of multiple-streams and multiple-devices per application.

	Qualcomm
	Observation 1: There is tempo mismatch issue between periodic XR DL traffic and R15/16 CDRX configuration. This would lead to XR capacity loss due to larger latency and/or larger UE power consumption to keep the same latency performance.
Observation 2: There is larger cycle which is aligned with XR DL traffic period. Within the period, some of CDRX start offset(s) could be adjusted to address mismatch between DL traffic arrival timing(s) and On-duration start point(s).
Observation 3: Early DL traffic arrival increases latency and affects capacity/XR user experience negatively.
Observation 4: Late DL traffic arrival increases UE power consumption due to increased number of unnecessary PDCCH monitoring.
Observation 5: For low latency operation, dense WUS monitoring occasion is required and modem needs to wake up as quickly as possible after the low power WUS is indicated. 
Observation 6: For lower power operation, WUS needs to be monitored with very low power, e.g., using simple time domain correlation and energy detection.
Observation 7: The current R17 L1-based signaling for UE power saving could be useful for XR UE power saving.
Observation 8: Absence of alignment between DL and UL activity could increase UE power consumption.
Observation 9: To achieve DL and UL alignment for XR, SR, CG, and DG-based PUSCH may need enhancements to better support XR traffic pattern, e.g., periodicity, UL activity restriction, timer behavior triggered by UL activity.
Observations 10: Frequent uplink traffic with XR and Cloud Gaming prevents the UE from going into sleep and taking advantage of any possible power savings from gaps between the less frequent downlink traffic. 
Observations 11: Power savings can be realized if we introduce an uplink-only state with transitions to and from the state based on DCI or based on duty-cycles determined by the cadence of downlink traffic. 
Observation 12: UE can help network for UL resource allocation by UL traffic pattern indication using UAI.

	Ericsson
	Observation 11: Typical periodicity of burst video frame arrival will lead to mismatch with DRX pattern which result in unnecessary extra latency so that studying DRX pattern matching with common XR video traffic arrival time is useful.

	vivo
	Proposal 3: Study enhancements for power consumption reduction considering trade-off between power saving and UE capacity, the following aspects can be considered:
· CDRX enhancement, e.g. dynamic or static DRX startoffset adjustment
· DCI based power saving enhancement, e.g. search space set group switching, PDCCH skipping
· UL and DL transmission alignment
· Jitter handling

	ZTE, Sanechips
	Observation 4: 	Due to the mismatch between XR traffic periodicity and DRX cycle, XR traffic cannot be guaranteed to always arrive at the DRX On period.
Observation 5: 	The packets may not arrive in “DRX On” state due to jitter even if the mismatch problem is solved.
Observation 6: 	Whether or not WUS can be used in XR should be carefully studied since WUS may split the sleep time and decrease the power saving gain.
Observation 7: 	Large value of K0min/K2min should not be used considering the latency requirement for XR services.
Observation 8: 	The power saving technique on dynamic scheduling can be considered as a start point for uplink power saving study.
Proposal 1:	Dynamic DRX parameters change indicated by a DCI can be considered.

	CATT
	Proposal 3: Power saving customized for XR service should be investigated for latency sensitive traffic.



Mobility enhancements areas/techniques
Based on the following companies’ observations and proposals, potential mobility enhancements areas/techniques can be summarized as below: 
· In contributions [4] [8] [12], companies propose to study mobility enhancements to accommodate XR traffic. However, in contribution [7], company holds negative attitude.
· In contribution [4], company proposes to study DAPS HO for FR2, CA and multi-TRP scenarios.
· In contribution [8], company proposes to study leveraging on XR device capabilities to increase the radio link robustness, such as multiple devices coordination.
· In contribution [12], company proposes to study fewer and faster cell reconfigurations.
Companies’ views on mobility enhancements for XR are copied and pasted as below:
	Ericsson
	Observation 12:	Mobility procedures and enhancements could take advantage of the traffic characteristics of the application when possible e.g. the periodicity of the traffic.
Observation 13:	Methods to have fewer and faster reconfigurations should be studied including tightening the RRC processing delay requirements.

	Samsung
	Proposal 4
Improvements to XR should not include mobility enhancements specific to XR or CG type of applications.

	InterDigitial
	Observation 4: Existing coverage and mobility solutions may be inadequate for XR use cases using split rendering/computing architecture with strict latency and throughput requirements.  
Observation 5: Leveraging on the capabilities of XR devices (e.g. sensing, tracking) can be beneficial for ensuring connectivity robustness. 
Observation 6:	Assistance from multiple devices in a UE device group/cluster can be leveraged to improve coverage and mobility.
Proposal 2: 	RAN1 to study enhancements for increasing the radio link robustness by leveraging on XR device capabilities for ensuring coverage and service continuity. 

	Qualcomm
	Observation 22: DAPS HO can be leveraged for mobility support of XR traffic, however, FR2 extensions are required.
Observation 23: For FR1, the support of CA and mTRP in source cell during DAPS HO is required.



Coverage enhancements areas/techniques
Based on the following companies’ observations and proposals, potential coverage enhancements areas/techniques can be summarized as below: 
· In contribution [8], company proposes to study coverage enhancements to accommodate XR traffic, and leveraging on XR device capabilities to increase the radio link robustness.
Companies’ view on coverage enhancements for XR are copied and pasted as below:
	InterDigitial
	Observation 4: Existing coverage and mobility solutions may be inadequate for XR use cases using split rendering/computing architecture with strict latency and throughput requirements.  
Observation 5: Leveraging on the capabilities of XR devices (e.g. sensing, tracking) can be beneficial for ensuring connectivity robustness. 
Observation 6:	Assistance from multiple devices in a UE device group/cluster can be leveraged to improve coverage and mobility.
Proposal 2: 	RAN1 to study enhancements for increasing the radio link robustness by leveraging on XR device capabilities for ensuring coverage and service continuity.



Others
In addition to above enhancements areas/techniques, other enhancements areas/ techniques for XR are mainly focused on sidelink area. Based on a few of companies’ inputs, potential other enhancements areas/techniques for XR can be summarized as below: 
· In contribution [5], company proposes to study sidelink on unlicensed spectrum to support XR traffics.
· In contribution [10], company proposes to study sidelink enhancement to support wireless tethering between XR device and UE.
Companies’ views on other enhancements for XR are copied and pasted as below:
	OPPO
	Observation 1: Some XR/CG services have tight requirements for data rate, low latency and reliability. 
Observation 2: A NR cell can only support a very limited number of XR/CG users via NR Uu interface. 
Observation 3: Support XR/CG services on sidelink can have various advantages. 
Observation 4: Abundant unlicensed spectrum is promising to meet the high data rates of some XR/CG services. 
Observation 5: The mechanism(s) developed by Rel-17 enhancement of IIoT and URLLC can be reused to improve the reliability of the communication on unlicensed spectrum. 
Observation 6: Uu link can be used with sidelink to improve the reliability in case the sidelink suffers bad quality. 
Proposal 1: Study sidelink on unlicensed spectrum (SL-U) to support XR/CG services.
· SL-U can be controlled by network

	Xiaomi
	Proposal 1: In XR discussion, focus on the potential enhancements which consider the unique characteristic of XR traffic.
Proposal 2: Sidelink enhancement to support wireless tethering for XR & CG services can be considered.


List of contributions under AI 8.14.4 in RAN1 #105-e
[1] R1-2104398	Challenges and potential enhancements of XR	vivo
[2] R1-2104501	Potential area of NR enhancement for the support of XR services	CATT
[3] R1-2104558	Enhancements for better XR support over NR	Nokia, Nokia Shanghai Bell
[4] R1-2104704	Potential Enhancements for XR	Qualcomm Incorporated
[5] R1-2104748	Discussion on the support of XR/CG service in sidelink-unlicensed 	OPPO
[6] R1-2105137	Considerations on potential enhancements for XR 	Apple
[7] R1-2105344	Potential enhancements for better XR support in NR	 Samsung
[8] R1-2105502	Discussion on potential enhancements for XR	InterDigital, Inc.
[9] R1-2105522	Challenges and potential enhancements for XR and Cloud Gaming	Huawei, HiSilicon
[10] R1-2105549	Discussion on potential enhancement for supporting XR	 Xiaomi
[11] R1-2105606	Further Discussion on Capacity and Power Working Areas for XR	ZTE, Sanechips
[12] R1-2105832	Discussion on enhancements for XR	Ericsson
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