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Introduction
At RAN #88-e, the SI on XR evaluation in NR was updated [2]. The objective of this study item are as follows:

1. Confirm XR and Cloud Gaming applications of interest
2. Identify the traffic model for each application of interest taking outcome of SA WG4 work as input, including considering different upper layer assumptions, e.g. rendering latency, codec compression capability etc.
3. Identify evaluation methodology to assess XR and CG performance along with identification of KPIs of interest for relevant deployment scenarios
4. Once traffic model and evaluation methodologies are agreed, carry out performance evaluations towards characterization of identified KPIs 

Traffic models for XR and evaluation methodology were finalized in RAN1, and evaluation results conforming to the agreed evaluation methodology were captured in Q3/Q4 2021. In the same timeframe RAN conducted several email discussions to identify the scope and possible objectives of XR in Rel-18.
 
In this contribution we provide our views on potential enhancements for XR in Rel-18 and propose some adjustments to the Rel-18 study item objectives. We further indicate our view on the timeline. 
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XR use cases and enhancements
XR use cases and drivers for NR enhancements for XR

eXtended Reality (XR) is a broad term covering Augmented Reality (AR), Mixed Reality (MR) and Virtual Reality (VR). Along with Cloud Computing, XR applications typically require high throughput and low latency. A part of end-to-end packet latency is contributed by those from radio network and transport network. With Edge Computing, the proportion of latency contributed by other parts in the end-to-end service can be reduced, and it makes more readily achievable for low latency.  

The 5G system has been designed to deliver eMBB, URLLC and mMTC services. For NR, support of eMBB and URLLC was introduced in Rel-15, enhancements have been made in Rel-16 and are under way in Rel-17.

If the XR use cases are not distinct enough from existing eMBB/URLLC use cases, XR-specific enhancements are hardly justified, as there are many already for generic eMBB/URLLC use cases. From discussion in [5][6], SA4 study[8][9][10], and cited studies from [3][4], we do see some unique characteristics in the traffic profile of XR applications. Then XR-specific traffic characteristics [5], especially multiple periodic data streams with variable packet sizes as depicted in Figure 1 and Figure 2, should be the driving motif for NR enhancements for XR. We have

Proposal 1: Rel-18 NR enhancements for XR should be motivated by XR services’ traffic characteristics, especially the multiple data flow aspects.
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Figure 1 Multiple data flows in XR traffic
Issues and potential enhancements
Achieving low latency, high throughput and high reliability is hard enough, even with abundant band-width supported by NR. When UE power consumption and system capacity, which can be quantized by the average number of satisfied UEs engaged in XR services in a cell, are considered, the problem is even harder. In our view, the Rel-18 XR enhancements for NR is about leveraging the findings from RAN1 and SA4 on XR traffic characteristics to achieve UE power saving and enhance system capacity.  The central importance of UE power consumption is reflected in the Rel-17 XR SID [1] “…, the 5G connection must carry AR application traffic, and the UE power consumption from that traffic has a significant bearing on the viability of such AR glasses products.” If the power consumption aspect is not adequately addressed, then XR offerings will not be viable and any other enhancements will be meaningless. We have

Observation 1: UE power consumption is key to the viability of XR.

UE power consumption can be incurred for 
1. PDSCH/PUSCH processing
2. PDCCH monitoring
3. CSI feedback
4. RRM and RLM  

Among them, except item 4, which does not depend on the traffic characteristics, all other items have strong dependence on the traffic characteristics. With multiple flows at DL (the consideration for UL can be similarly developed), the gNB can choose to use separate PDSCHs to carry higher layer packets with different QoS requirements, or the gNB can use a single PDSCH to carry higher layer packets. Both approaches have their pros and cons. With the first approach, essentially TDM is used for different data flows, the latency for data flows can be long, and the UE’s on-time may be long and consequently UE power consumption can be large, yet the first approach does allow gNB much freedom in giving different treatments for different data flows, e.g. OLLA, retransmission, etc. The second approach may be preferred as the on-time for the UE can be shorter than that with the first approach. However, as different data flows have different QoS requirements, how to address different latency budgets for different data flows in a single PDSCH may require further investigation.

Ideally, when there is no uplink traffic or downlink traffic, there should be no activity on the UE side to minimize power consumption. Of course, some minimal functionalities need to be kept for the UE in the connected mode to allow nimble response from the UE once traffic arrives. Assume basic PDCCH monitoring for network connection is maintained by the UE, through CSS monitoring with CORESET #0 for example, then other PDCCH monitoring activities should be reduced as much as possible. Then when traffic arrives, the accompanying demand on PDCCH monitoring (e.g. for dynamic signaling for scheduling, retransmission for SPS/CG, etc) can be accommodated. In the current NR design, PDCCH monitoring is controlled through cDRX, PDCCH skipping and search space switching; whether they are adequate for multiple traffic flows with non-integer periodicity should be investigated. 

Traffic periodicity

From SA4 and RAN1 discussions, we can see support of video traffic is a salient component in XR service.  Video traffic has some unique characteristics:
· Non-integer periodicity, video at 60, 90 and 120 frames/second
· Time-varying packet size, e.g. due to I-frame or P-frame/B-frame
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Figure 2 Multiple data streams with periodical traffic arrivals and time-varying packet size
As video frames can be generated at regular time epochs, DL SPS and UL configured grant should be the first candidates considered to accommodate the XR traffic in general, and video traffic in particular. However, the Rel-16 NR design has some limitations. Note the DL SPS periodicity and UL configured grant periodicity available in Rel-16 do not match well with video traffic’s:
· Supported periodicity for DL SPS in Rel-16 NR:
· {1, …, 640} milliseconds for a NR system at 15 KHz subcarrier spacing,          
· {1/2, 1, 3/2, …, 640} milliseconds at 30 KHz, etc.
· …
· Supported periodicities for UL configured grant in Rel-16 NR:
· Multiple of 1 millisecond for 15 KHz up to 640 milliseconds, 2 symbols (1/7 milliseconds), 7 symbols (0.5 milliseconds)
· Multiple of 1/2 millisecond for 30 KHz up to 640 milliseconds, 2 symbols (1/14 milliseconds), 7 symbols (0.25 milliseconds)
· With video frames generated at 30, 60, 90, 120 Hz, out of many periodicities supported currently in NR for SPS and CG, none is a good match for any of them.  


Time-varying packet size

When data streams can be generated at cadences which are not integer multiples of the NR’s basic timing (90 frames per seconds), DL SPS with over-provision has been considered a possible solution. As shown in Figure 3, with a number of DL SPS configurations configured for a UE, with some DL SPS occasions with no actual data transmission, the alignment latency in DL transmission can be controlled. However, for the transmission occasions not associated with any actual transmission, the UE still needs to generate HARQ feedback and transmit over the configured PUCCH resource. More importantly, as the UE does not have the a priori knowledge on whether there is actual transmission in a slot or not, some UE processing is still needed to make a determination:  
· DMRS correlation
· e.g. the UE performs correlation with the assumed DMRS to decide whether there is actual transmission or not.
· LDPC decoding
· Depending on DL SPS’s MCS level (e.g. low MCS level, hence the required SINR can be rather low), the UE may not be able to decide there is actual transmission or not simply from DMRS correlation, further processing such as LDPC decoding may be needed.
In this case, UE power consumption is incurred for non-existent data transmission.

With over-provision, the UE is still required to send HARQ feedback over PUCCH for non-existent SPS PDSCH transmission, which wastes system resources; and leads to UL interference. There are proposals in 3GPP RAN1 to deal with those two issues, e.g. the UE is to skip the HARQ feedback for non-existent data transmission, shown in Figure 4. Note however the UE power consumption issue is not dealt with by the proposed solution with skipping HARQ feedback.
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Figure 3 Over-provision for traffic with non-integer periodicity
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Figure 4 Skipping of HARQ feedback

With time-varying packet size, while the gNB can always configure a UE with resources sufficient even for the largest packet size. However, that can lead to low system capacity, for example the number of UEs with XR service can be limited.

Also jitter in the traffic arrival for downlink can be expected. With time-varying packet size (or frame size for the video traffic for example), then some kind of signaling mechanism to indicate to the UE the reception occasions with actual data transmission can be beneficial from UE power saving point of view.

For UL, embedded signaling can be used to adapt the transport block size. For example, as shown in Figure 5, CG-UCI can be enhanced to indicate the MCS level or number of symbols in the PUSCH so the transport block size can be adopted according to the current need of XR traffic.
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Figure 5 Using CG-UCI to adapt the transport block size


PDCCH monitoring

From discussion in NR Rel-15/16, it can be seen PDCCH monitoring can account for much of UE power consumption. In Rel-16/Rel-17, PDCCH monitoring is adapted according to the current traffic need through newly introduced mechanisms such as wake-up signal, which can be a rather effective approach to save power if the XR traffic consists of a single flow, and the periodicity of the traffic arrival is not too small. With multiple data flows, adaptation to traffic becomes more challenging as those data flows may have non-commensurate periodicities. Then light-weighted control signaling embedded in the PDSCH reception occasions should be investigated to circumvent PDCCH monitoring and also make control signaling goes with traffic rather than making traffic follows control signaling. 




HARQ/CSI feedback enhancements

CSI enhancements have been much discussed in the Rel-17 eIIoT/URLLC, in the end no enhancement along the line of soft-HARQ-ACK or Delta-MCS will not be supported in Rel-17. It can be also observed that proposed enhancements over there are motivated by quite diverse use cases, hence the pros/cons could not be assessed with consistent criteria. As XR traffic does provide some unique challenges and opportunities for system design, in our view, a component of CSI enhancements can be also included in the XR work item. Yet the objective should be clearly specified to target XR’s traffic characteristics, so to focus the discussion. 

As some traffic stream of XR service can have a stringent latency requirement, the 2nd transmission is the only opportunity for the gNB to provide more coded bits to the UE, so they can be combined with previously received coded bits (LLRs) for successful decoding. As such, if a UE does not decode PDSCH successfully for the first transmission or for a retransmission when the latency bound is in danger of being exceeded, the more relevant information for the UE to provide is not merely the fact the UE fails to decode the transport block, rather how much more redundancy is needed from the gNB to allow the UE to decode the transport block in the next attempt, which can be the only chance for the UE to receive the transport block within the latency bound. From that, it is reasonable to allow the UE to indicate how much redundancy is needed further for the UE to decode the transport block. Also the UE can consider the current status of the soft buffer in its feedback to the gNB. In Rel-17 eIIoT/URLLC, a number of soft NACK/soft ACK schemes have been proposed; some of them target 10^-6 BLER which is not the typically required for XR. Nevertheless, we feel CSI enhancements can be important for achieving low latency & decent system capacity, and some of them may lead to suitable solution for XR.

Staggered transmission has been proposed by some companies to avoid simultaneous traffic arrivals from multiple UEs in a cell. Considering quasi-periodic traffic arrival and additionally staggered transmission, interference can fluctuate substantially between slots depending on traffic from neighboring cells. Interference measurement which faithfully reflects the interference experienced by PDSCH carrying XR traffic should be supported, hence enhancement in CSI measurement can be motivated. Periodic and semi-persistent CSI measurement resources matched with XR traffic arrival can be supported. Also for CSI reporting, while it is possible to use aperiodic CSI reporting to match the reporting occasions with XR traffic arrival, it can be also beneficial for periodic and semi-persistent CSI reporting’s occasions to be matched with XR traffic arrival, for faithful CSI measurements.

To allow meaningful technical discussion on relevant enhancements, the use cases for CSI enhancements should be based on the XR traffic characteristics and clearly defined in the WID.  

In summary, we have

Proposal 2: Rel-18 XR WID should specify the mechanism to adapt UE processing of data channel, control channel, CSI feedback to XR traffic flows:
· To achieve UE power saving for XR, specify enhancements in SPS/configured grant/DRX configurations to adopt to non-integer periodicity of XR traffic with multiple traffic flows.
· To achieve UE power saving for XR, evaluate and specify control signaling enhancements to adapt to time-varying packet size for XR traffic. 
· For improved system capacity, specify CSI enhancements for faithful CSI measurements.
· To support latency-sensitive XR traffic flows,  support CSI/HARQ feedback enhancements to achieve efficient transmission and satisfy stringent latency requirement.

Potential protocol enhancements
General signaling adjustments to support XR traffic characteristics

Following the Rel-17 studies of requirements for XR traffic characteristics and the results identified by SA4 and RAN1, it is important to scrutinize the Rel-17 study results. Where appropriate, RAN2 needs to define protocol enhancements that enable the support of XR in Rel-18. This includes a study of suitable enhancements to support the specific XR requirements identified in the RAN1 and SA4 studies. A central theme along those lines is to ensure XR traffic meets its defined QoS without unduly impacting UE power consumption. XR traffic flows need to be scheduled on time, bearing in mind their relative importance in a mix of multiple QoS flows. This may encompass a review of treatment and preparation of SDUs for proper staggering of data in the L2 stack and MAC. Any necessary signaling adjustments will need to be added as well.

Proposal 3: Study, identify and specify if needed, suitable protocol enhancements to efficiently enable the support of XR traffic characteristics based on Rel-17 studies in RAN1 and SA4.


UE Scheduling Assistance

In addition to the considerations above, in certain situations and as a consequence of multiple XR flows acting in parallel, the UE may end up with a requirement to adjust the periodicity or indicate an update of burst arrival patterns and other parameters associated with a set of QoS flows or DRBs. Furthermore, the bursty traffic characteristic of XR creates interference to neighboring cells which imposes additional constraints on link adaptation. Accurate burst timing information helps limit those constraints as well.

While in TSN the gate schedule (which affects CG/SPS allocations) is relatively constant, packet arrival patterns are more dynamic in XR. TSN can control packet arrival cycles from a central network element such as the CNC but for XR, a pattern update can originate from multiple entities in the system. This means scheduling becomes more complex. Accurate and up-to-date information on expected burst timings also helps reduce collisions when the network can utilize this information to schedule grants accordingly. 

TSCAI (TSC Assistance Information, defined in TS 23.501) is a mechanism the 5G system can use to provide a gNB with traffic pattern related information such as periodicity and burst arrival time. 3GPP SA2 decided to extend and adopt this mechanism for Advanced Interactive Services in 5G. However, provision and usage of TSCAI is optional. In order to utilize the information, 5G AF, SMF and gNB all need to support the TSCAI parameters. Given the large variety of XR service types and deployment options, we assume that TSCAI may not be available for all types of XR scenarios. 

In cases where the Core Network is unable to provide TSCAI the UE can provide scheduling assistance information to the gNB. The UE may as well indicate to the gNB a preference for a parameter update when required, for example, in use-cases heavily relying on CG/SPS. This helps ensure radio resources are allocated appropriately.

On a high level, the network may configure the UE to enable/disable scheduling assistance information, e.g., at QoS flow establishment or through an update at a later time. Scheduling assistance information may be configured for UL and DL separately and the UE may provide it through a variety of configurable delivery options, for example, mapped to RRC, SDAP, or MAC. The gNB may configure the UE with an appropriate reporting method mapped to a message layer. Once configured, the UE provides updates either immediately or when significant traffic pattern changes are detected.
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Figure 6 UE Scheduling Assistance Information
In addition to scheduling assistance from the UE, RAN should investigate the required set of QoS parameters for XR including how to signal them and how to optimize the system for the bursty traffic characteristics exposed by XR. 

Further to an indication of UE scheduling assistance confined to the radio resource allocation at a particular gNB, adjustments may be needed from an end-to-end perspective. Adjustments may be based on codec rates and application layer parameters, for example, to optimize an XR session between two UEs or between a UE and an XR application server. Scenarios with XR traffic between UEs served by different network operators or even between different countries require special consideration as well. The SA4 specs define access network bitrate recommendations (ANBR) which is supported by the Recommended Bit Rate MAC CE in RAN2 specs. However, ANBR is limited to bitrate recommendations for DRBs and does not allow to report periodicity, burst arrival and packet distribution based on QoS flows. Accurate knowledge of expected burst timing benefits the scheduling at each peer end (both at application level as well as at lower layers) and helps reduce jitter and latency, thus also impacts UE power saving. A concept to signal scheduling adjustments may be needed not only for MTSI but also for XR architectures based on DASH or WebRTC. RAN2 would need to work with SA4 and SA2 on suitable concept updates and including the set of potential scheduling parameters required. 

Proposal 4: Specify enhancements to configure and enable UE scheduling assistance information
· Study, identify and specify if needed, the set of QoS parameters for XR including how to signal them and how to optimize the system for bursty traffic characteristics exposed by XR (in interaction with SA2)
· Identify and specify enhancements for end-to-end scheduling adjustments (in interaction with SA4)


Activity alignment

XR traffic is associated with multiple modalities represented by different traffic flows where the UE needs to handle multiple QoS flows in parallel. In addition, XR flows might also exist in parallel to traffic on other DRBs. The existence of multiple parallel traffic flows can lead to data transmissions that are spread apart in time such that the UE becomes active much more frequently. As a result, UE power consumption will be affected. Another aspect to consider is that some XR traffic flows benefit from (or even require) synchronized transmission based on application layer requirements. To serve both objectives, RAN should investigate means to efficiently identify and schedule data transmissions in a time-aligned manner to allow related information to be transmitted in proximity.

The figure below illustrates the problem in a highly simplified manner using an example set of transmissions on a single component carrier. 
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Figure 7 Activity Alignment
The UE not only has different streams of concurrent data (e.g., audio, video, data, control), also multiple streams may have a similar QoS requirements. As a result, multiple QoS flows may be mapped to the same DRB (logical channel) more frequently.

Proposal 5: Specify enhancements for data transmission alignment to prolong the inactive time and to allow for better synchronization between flows.


Differentiated QoS for XR

From a higher layer perspective, XR applications operate on Application Data Units (ADU) in bursts represented by larger chunks of data where a “chunk” of application layer data may consist of a series of several data packets. Application layer data may be delivered in a burst (often relatively periodical). While 5G QoS mostly relates to data packets and uses an averaging period for the bitrate, XR traffic often relies on a series of packets such as an ADU and/or a frame to perform an operation (e.g., a slice to decode a video frame). Therefore, SA and RAN should evaluate if, and for how much, the unit of a frame and/or an ADU can be considered as part of QoS for XR. 
Furthermore, the packets that form an ADU are collectively needed for the decoding of e.g., a video frame. RAN needs to investigate (in collaboration with SA) whether/how related ADU packets can receive a similar QoS treatment. If there is congestion in the RAN or when a packet is lost or not delivered on time, the whole frame may render useless. Thus, if a packet is dropped, subsequent packets belonging to the same frame no longer need to be delivered. The UE and the gNB may prevent transmitting these packets altogether, and thereby use radio resources more efficiently. 

Observation 2: It is beneficial for the UE and/or the gNB to drop eligible less important packets when packet dropping is deemed necessary. 

XR-specific QoS may also require means for prioritization of frames and packets within the same data flow (or within the same DRB). This includes a study of possible methods for prioritization of important/special packets (such as TCP ACKs or RTCP feedback). Moreover, if a service consists of multiple data flows, coordination and additional prioritization mechanisms can be beneficial between flows. 

XR traffic characteristics involve requirements for reliable transmission of data with reasonably low latency and medium/high data rates. As indicated above, XR traffic is relatively periodical. Configured grants and semi-persistent scheduling are suited to support transmission of traffic of such nature. Where a differentiated treatment of certain frames or packets is required within a data flow potentially the scheduling needs to consider such association. We therefore highlight that RAN should study whether enhancements are required to lower protocol layers or whether any scheduling/mapping enhancements can be done on SDAP level instead.

Proposal 6: Study and specify if needed, in collaboration with SA, enhancements for differentiated treatment of ADUs, frames and important data/control packets both within a data flow and between multiple data flows. 


XR timeline in Rel-18
As captured in the moderator summary of email discussions for RAN #94-e, 
“For overall setup of the work on XR enhancements the consensus is to first do a Study Item for 6 months for both RAN1 and RAN2, followed by a Work Item.”

At RAN #94-e, RAN needs to bring clarity for the work to come in Rel-18, i.e. RAN needs to agree a Rel-18 study item on XR and Rel-18 work item on XR at the same time. Assume the time budget for the Rel-18 study item XR will be decided at RAN #94-e, to ensure there is time to generate specifications for XR with high quality, adequate time budget for the Rel-18 WI on XR should be decided or planned now rather than later. Of course, given the outcome of the Rel-18 SI on XR, there may be some fine tuning on the time budget, e.g., consider the coordination with the SA2 study item on XR, and the required enhancements for QoS enhancements, UE power saving and system capacity. However, not taking a tentative time budget now have the undesirable consequence the XR WI needs to be squeezed in later.  


We have 

Proposal 7: 
· RAN should agree on a Rel-18 SI on XR and a Rel-18 WI on XR at RAN #94-e.
· RAN should agree on the time budget on Rel-18 SI on XR at RAN #94-e, and agree at least a tentative time budget on Rel-18 WI on XR at RAN #94-e. 

Objectives of Rel-18 SI
The objectives in the moderator summary of email discussions for RAN #94-e are copied below.

· Proposed objectives for the Study Item on XR-awareness in RAN (RAN2):
· Study and identify the XR traffic (both UL and DL) characteristics, QoS metrics, and application layer attributes beneficial for the gNB to be aware of, e.g. [the QoS flow association, frame-level QoS, ADU-based QoS, XR specific QoS].
· Study how this information aids XR-specific traffic handling.
· Cooperation is needed with the corresponding study work of SA2 //add latest SA2 reference 
· Proposed objectives on XR-specific Power Saving (RAN1, RAN2):
· Study XR specific power saving techniques to accommodate XR service characteristics (periodicity, jitter, latency, reliability, etc…):
· C-DRX enhancement.
· PDCCH monitoring enhancement.
· [Further candidate techniques can be added here, if consensus is found to add it]
· Proposed objectives on XR-specific capacity considerations (RAN1, RAN2):
· Study mechanisms that provide more efficient resource allocation and scheduling for XR services:
· Enhancement to SPS and CG
· Enhancement for dynamic grants.
· [Further candidate techniques can be added here, if consensus is found to add it]

At the email discussions for RAN #93-e, multiple data flow aspects were identified as a key aspect and included in the summary, however they are not explicitly included in the above objectives. In our view, it is important to bring back multiple data flows aspects for all 3 objectives:

At a very high level, XR application typically involves multiple data flows, which is clearly shown in the SA4 traffic models and RAN1 traffic models developed in Rel-17 SI on XR. 

Second, in Rel-16 URLLC study, actually one periodic traffic has been considered already. Multiple data flows with different periodicities, packet size distributions, reliability requirements and latency requirements are the key to drive enhancements which can be actually useful to XR application in the field. Otherwise, it runs the risk to give too a broad scope to working groups, and working groups still need to figure out/guess the use cases allowed by the SI or the WI. Hence our proposal is to explicitly enumerate the key characteristics of XR traffic in the objectives part.

Also as discussed in Section 2.2.3 and as pointed by many companies, some of control channel enhancements may be useful for XR applications in terms of UE power saving. Whether they can be all formulated as PDCCH enhancements is not clear at this time yet. From that we propose to modify “PDCCH monitoring enhancement” to a more generic term as “control channel enhancement”.

As discussed in Section 2.2.4, we see CSI/HARQ feedback enhancements as a key part to enhance system capacity when meeting stringent latency requirements for XR.  In summary, we have the following proposal concerning Rel-18 SID on XR:

Proposal 8, modify the objectives of Rel-18 SI on XR as highlighted below:

· Proposed objectives for the Study Item on XR-awareness in RAN (RAN2):
· Study and identify the XR traffic (both UL and DL) characteristics, QoS metrics, and application layer attributes beneficial for the gNB to be aware of, e.g. [the QoS flow association, frame-level QoS, ADU-based QoS, XR specific QoS].
· Study how this information aids XR-specific traffic handling.
· Cooperation is needed with the corresponding study work of SA2 //add latest SA2 reference 
· Proposed objectives on XR-specific Power Saving (RAN1, RAN2):
· Study XR specific power saving techniques to accommodate XR service characteristics including periodicity, multiple data flows, variable packet size, jitter, latency, reliability, etc…:
· C-DRX enhancement.
· PDCCH monitoring enhancement.
· [Further candidate techniques can be added here, if consensus is found to add it]
· Proposed objectives on XR-specific capacity considerations (RAN1, RAN2):
· Study mechanisms that provide more efficient resource allocation and scheduling for XR service characteristics including periodicity, multiple data flows, variable packet size, jitter, latency, reliability, etc…::
· Enhancement to SPS and CG
· Enhancement for dynamic grants.
· Enhancement for CSI/HARQ to meet stringent latency requirement
· [Further candidate techniques can be added here, if consensus is found to add it]


Relationship between Rel-17 SI and Rel-18 SI

At RAN1 #107-e, the following was reached concerning the Rel-17 SI conclusion:

The study focused on the following objectives: (1) confirm XR and Cloud Gaming (CG) applications of interest, (2) identify the traffic models for the applications of interest taking outcome of SA WG4 work as input, (3) identify evaluation methodology and KPIs to assess XR and CG performance for relevant deployment scenarios, (4) evaluate XR and CG performance towards characterization of identified KPIs.

Diverse AR, VR, and CG applications were identified and confirmed as the applications of interest in the study. These applications include, but not limited to: VR1 (Viewport dependent streaming), VR2 (Split Rendering: Viewport rendering with Time Warp in device), AR1 (XR Distributed Computing), AR2 (XR Conversational), and CG.

Traffic models and characteristics of AR, VR, and CG applications were developed taking into account NR RAN performance evaluations. The traffic models include single stream downlink (DL) traffic model for VR/AR/CG, optional multi-stream DL traffic model for VR/AR/CG, single stream uplink (UL) traffic models for VR/AR/CG, and multi-stream UL traffic model for AR, as described in Clause 6. A baseline per UE KPI which considers PER and PDB is identified and used for subsequent evaluations.

The AR, VR, and CG performance for NR was evaluated using the traffic models for FR1 and FR2 in various deployment scenarios (indoor hotspot, dense urban, and urban macro) in terms of capacity, UE power consumption, coverage and mobility.

XR capacity
The capacity for AR, VR, and CG applications was evaluated and the results are summarized as follows:
· The baseline capacity for AR, VR, and CG in FR1 DL/UL and FR2 DL/UL were evaluated based on the agreed traffic models, evaluation methodology, and KPIs, with the results collected in Clause 8.3.1. The evaluation results show that 
5G NR can support AR, VR, and CG for the evaluated cases and scenarios, where the capacity in urban macro scenario is generally lower than that in dense urban and indoor hotspot scenarios, in particular for AR applications with uplink video.

· The capacity impact of different data-rates, different PDB/PER (packet delay budget/packet error rate) values, jitter, dual-eye buffer staggering, different TDD frame formats, different bandwidths, or FDM/SDM and mini-slot operations have been evaluated.  The results and observations are given in Clause 8.3.2. Based on the evaluation results, the following is observed:
· The NR system capacity in support of AR, VR, and CG applications is smaller for applications requiring higher data rate. 
· The NR system capacity in support of AR, VR, and CG applications is higher with larger PDB value and/or relaxed PER requirement (i.e., higher PER values). 
· The AR, VR, and CG capacity is higher with larger system bandwidth.
· Various potential NR capacity enhancement schemes in support of XR services were proposed and evaluated by different companies.  Their results are collected in Clause 8.3.3.


XR UE power consumption
The UE power consumption for AR, VR, and CG applications was evaluated and the results are summarized as follows:
· The power saving gain from Release 15, 16, and 17 power saving schemes including CDRX, PDCCH monitoring adaptation, cross slot scheduling, MIMO layer adaptation was evaluated with respect to the case when UE is always on, i.e., UE is available for gNB scheduling for all slots. Corresponding results and observations are given in Clause 9.3.1.
· The UE power consumption was evaluated for different parameters. The results are collected in Clause 9.3.2.  The following is observed from the results:
· There is a trade-off between UE power saving gain and capacity.
·  The choice of a CDRX configuration (cycle, on duration, and inactivity timer) greatly affects the power saving (PS) gain.
· The potential enhancement schemes for UE power saving were proposed and evaluated by different companies.  Their results and observations are given in Clause 9.3.3.

XR coverage
The AR, VR, and CG coverage was evaluated based on the agreed traffic model and two methodologies for coverage evaluation. Note that these two methodologies are different from the traditional methodology based on link budget for coverage evaluation. The results are collected in Clause 10.3.
According to the evaluation results, it is observed that for deployment scenarios of dense urban and urban macro, UL coverage is worse than DL coverage. 

XR mobility
The performance of mobility for AR, VR, and CG applications was studied. The study considers two mobility KPIs given in Clause 11.2: number of consecutive XR packets lost due to a handover event and minimum target time between handover events. The evaluation methodology of mobility performance is a simplified analytical approach given in Clause A.4, and the evaluation results are collected in Clause 11.3. The following is observed from the results:
· Higher PDB leads to lower (better) mobility KPIs.
· Higher frame rate leads to higher (worse) number of consecutive XR packets lost.
· When varying the handover interruption time, the lower (better) mobility KPIs are achieved when handover interruption time is lower than PDB. 
· Higher handover interruption time leads to higher (worse) mobility KPIs.

Based on the study, it is recommended to further study and enhance the capacity and UE power consumption performance of 5G NR for XR and CG applications.

First we note the traffic models including different flavors of multiple flow traffic for both uplink and downlink are captured in the TR. Some enhancements for system capacity and UE power saving are captured in TR 38.838 already, due to limited time companies may not have enough to check enhancements proposed by other companies or finish evaluation on enhancements they favor. Also when capturing the enhancements from companies, it is mainly the proponent companies providing their descriptions, other companies did not participate the in the process of extracting the “essence” of the enhancement. If that were done,  then alternative means to achieve the enhancement, perhaps with less implementation & specification impact could be identified. Such kind of deliberation can and should take place in Rel-18 SI. With such consideration, the Rel-17 SI evaluations on enhancements as captured in the TR can be used as inputs for each company to plan & conduct the study in the next phase, but they don’t become the “baseline” for Rel-18 SI.  
 
Conclusion
In this contribution, we provide our views on enhancement for XR. We have 

Observation 1: UE power consumption is key to the viability of XR.

Proposal 1: Rel-18 NR enhancements for XR should be motivated by XR services’ traffic characteristics, especially the multiple data flow aspects.

Proposal 2: Rel-18 XR WID should specify the mechanism to adapt UE processing of data channel, control channel, CSI feedback to XR traffic flows:
· To achieve UE power saving for XR, specify enhancements in SPS/configured grant/DRX configurations to adopt to non-integer periodicity of XR traffic with multiple traffic flows.
· To achieve UE power saving for XR, evaluate and specify control signaling enhancements to adapt to time-varying packet size for XR traffic. 
· For improved system capacity, specify CSI enhancements for faithful CSI measurements.
· To support latency sensitive XR traffic flows, support CSI/HARQ feedback enhancements to achieve efficient transmission and satisfy stringent latency requirement.

Proposal 3: Study, identify and specify if needed, suitable protocol enhancements to efficiently enable the support of XR traffic characteristics based on Rel-17 studies in RAN1 and SA4.

Proposal 4: Specify enhancements to configure and enable UE scheduling assistance information
· Study, identify and specify if needed, the set of QoS parameters for XR including how to signal them and how to optimize the system for bursty traffic characteristics exposed by XR (in interaction with SA2)
· Identify and specify enhancements for end-to-end scheduling adjustments (in interaction with SA4)

Proposal 5: Specify enhancements for data transmission alignment to prolong the inactive time and to allow for better synchronization between flows.

Observation 2: It is beneficial for the UE and/or the gNB to drop eligible less important packets when packet dropping is deemed necessary. 

Proposal 6: Study and specify if needed, in collaboration with SA, enhancements for differentiated treatment of ADUs, frames and important data/control packets both within a data flow and between multiple data flows. 

Proposal 7: 
· RAN should agree on a Rel-18 SI on XR and a Rel-18 WI on XR at RAN #94-e.
· RAN should agree on the time budget on Rel-18 SI on XR at RAN #94-e, and agree at least a tentative time budget on Rel-18 WI on XR at RAN #94-e. 


Proposal 8, modify the objectives of Rel-18 SI on XR as highlighted below:

· Proposed objectives for the Study Item on XR-awareness in RAN (RAN2):
· Study and identify the XR traffic (both UL and DL) characteristics, QoS metrics, and application layer attributes beneficial for the gNB to be aware of, e.g. [the QoS flow association, frame-level QoS, ADU-based QoS, XR specific QoS].
· Study how this information aids XR-specific traffic handling.
· Cooperation is needed with the corresponding study work of SA2 //add latest SA2 reference 
· Proposed objectives on XR-specific Power Saving (RAN1, RAN2):
· Study XR specific power saving techniques to accommodate XR service characteristics including periodicity, multiple data flows, variable packet size, jitter, latency, reliability, etc…:
· C-DRX enhancement.
· PDCCH monitoring enhancement.
· [Further candidate techniques can be added here, if consensus is found to add it]
· Proposed objectives on XR-specific capacity considerations (RAN1, RAN2):
· Study mechanisms that provide more efficient resource allocation and scheduling for XR service characteristics including periodicity, multiple data flows, variable packet size, jitter, latency, reliability, etc…::
· Enhancement to SPS and CG
· Enhancement for dynamic grants.
· Enhancement for CSI/HARQ to meet stringent latency requirement
· [Further candidate techniques can be added here, if consensus is found to add it]
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