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1. Introduction 
In RAN plenary RAN#100 Rel-19 workshop, it has been identified in the RAN chairman’s summary that there is a strong support to further improve XR performance in Rel-19 [1].

2. [bookmark: _Ref144296963] View on the Rel19 XR enhancements 
In the scope of Rel-19 XR discussions, there have been several topics brought up by companies. This section outlines the potential objectives based on the discussions, justification and background on selected topics related to Rel-19 XR in RAN.

2.1. Justification​
General motivation: eXtended Reality (XR) remains an important and challenging use case with high data rate requirements under bounded latency constraints. The earlier Release 17 and 18 XR study items in RAN WG1 and WG2 indicated room for several enhancements to improve e.g., the overall XR system capacity, UE power consumption, and the overall QoS/QoE and application awareness framework for XR to have efficient RAN solutions. Although the Release 18 XR work item had good progress and specification of several useful enhancements, there is still a need for further enhancements in Release 19 to have even better XR performance. This includes follow-up on items from the Release 18 XR study item (3GPP TR 38.835) that were not fully addressed. 
Scheduling restriction enhancements: The need to perform RRM measurements can severely impact the performance of XR applications, as there are cases where this imposes scheduling restrictions, either due to potential measurement gaps for inter-frequency RRM measurements, or alike restrictions for FR2 intra-frequency RRM measurements. In the Release 18 XR study item, having periodic windows of scheduling restrictions was found to sometime collide with desired times for scheduling XR users to fulfil their packet delay budgets (PDB) or PDU set delay budget (PSDB), and hence causing loss of XR capacity (see evaluation results in 3GPP TR 38.835 Annex B.1.7). Therefore, methods to relax, or overcome, harmful scheduling restrictions from UEs prioritizing RRM measurements, shall be considered in Release 19. In specifying such solutions, both the positive impact on XR capacity and the impact on RRM measurement quality (and its potential impact on related RRM mechanisms) shall be considered.
LCP enhancements: The logical channel prioritization (LCP) procedure currently standardized in MAC specifications includes mechanisms to enforce a prioritized bit rate over a configurable period of time. There are no standardized mechanisms that can enforce a prioritized data rate while also satisfying delay-critical requirements. XR applications typically have requirements in terms of both minimum data rate and maximum packet delay. This calls for enhancements of the uplink LCP procedure that consider both the data rate and latency requirements of XR applications. 
UTO-UCI enhancements: How the UE shall determine the content of UTO-UCI with single CG configuration is completely left for UE implementation in Release 18. Without clear and testable UE behaviour, the whole UTO-UCI feature becomes hardly usable. Therefore, the specification of clear and testable UE behaviour for how the UE determines the content of UTO-UCI with single CG configuration shall be in the scope of the Release 19 work item. Enhancements for UTO-UCI across multiple CG configurations could also be considered. 
CQI enhancements: Another important functionality for achieving good XR capacity is efficient dynamic link adaptation. This is of particular importance for transmission of larger transport blocks (i.e., larger payloads) as is typically the case for high bit rate XR applications of e.g., 30 or 45 Mbps. Given large payloads for XR cases, code block group (CBG)-based transmissions are attractive to have resource-efficient transmissions to improve capacity as only the failed CBGs (not all) need to be retransmitted with HARQ. In addition, as shown in 3GPP TR 38.835, Annex B.1.3, the XR capacity can be improved by introducing an enhanced CQI scheme that is tailored for TB transmissions with several CBGs, such that the gNB can more accurately set its used MCS, subject to controlling the probability of maximum having a certain subset of the CBGs in error. Other CQI enhancement for XR cases were also reported in 3GPP TR 38.835, Annex B.1.4. Also, Annex B.1.5 include link adaptation related enhancements in the form of soft-HARQ feedback. The simulation results captured in TR 38.835 for the baseline scenario (FR1, DL, InH, 30 and 45 Mbps, PDB = 10 and 15 ms) demonstrate: (i) 16%-24% capacity gains from enhanced CQI scheme captured in Annex B.1.3 (enhanced CQI for CBG-based transmissions); (ii) 4% capacity gains from the scheme described in Annex B.1.4 and BLER =10% (enhanced CQI based on DMRS) and (iii) 5%-14% capacity gains from the scheme described in Annex B.1.5 with 4 slots ReTx delay (soft HARQ-ACK enhancements). It is, therefore, proposed to specify enhanced link adaptation schemes in Release 19 that results in clear XR capacity improvement. In doing so, it is desirable to favour solutions that builds on the current NR CQI framework with modest changes to the current specifications only (e.g., favouring solutions that relies on reporting an index pointing to well-defined CQI tables as in current specification, minimum changes to UE PHY CSI measurements, and no new reference signals being introduced).
Layer-2 UP enhancements: During the Release 18 study item on XR enhancements, discussions on an even Leaner Protocol Stack (LPS) design for Release 19 emerged, where some properties of the currently specified NR Layer 2 protocol stack were highlighted, as they may potentially cause challenges for XR applications. One of these properties is, for example, the inefficiency of RLC acknowledged mode (AM) in handling retransmissions of data packets within the stringent delay requirements of XR applications. Therefore, RLC enhancements for latency-sensitive traffic should be investigated and specified in Release 19. Furthermore, gaps in the received sequence of SN will stall the receiver when discard occurs, introducing delays. This issue did not get enough airtime in Release18 and should be discussed again in Release 19.
Multi-modal flows: Multi-modality has been discussed in Rel-18 by SA2 working group, but only few enhancements that are transparent to RAN like the multi-modal flow identifier have been identified. Any additional enhancement related to multi-modality(intra-UE)/multi-QoS flow should be evaluated in close coordination with SA2 and/or SA4 accounting for earlier agreements. This evaluation shall also measure the impact on RAN specifications of any proposed enhancement compared to the gains it brings in terms of capacity and power saving with respect to other schemes that have been specified in earlier releases.
Performance evaluation methodology: During the process specifying the above listed enhancements, system-level simulations (SLS) may be used to compare the benefits of different candidate solution variants. The SLS methodology shall follow the earlier XR simulation agreements in 3GPP TRs 38.838 and 38.835. In addition to those XR-only simulation assumptions, simulations of background eMBB traffic (in coexistence of XR) can optionally be considered as this is most realistic, i.e., the majority of 5G-Advanced networks are expected to carry mixed traffic on their carriers. The eMBB traffic may be modelled as simple full buffer or as FTP3.

2.2. Background on selected topics ​ 
2.2.1.  Scheduling restrictions and RRM measurement enhancements​
As discussed during the Rel-18 SI on XR enhancements for NR, performing RRM measurements does not come for free, as there are cases where these imposes scheduling restrictions, either due to potential measurement gaps for inter-frequency RRM measurements, or alike restrictions for FR2 intra-frequency RRM measurements. Accounting that scheduling restrictions apply, on SSBs to be measured, starting from one symbol before and ending one symbol after each SSB, it in practice means that every slot where SSBs are to be measured is restricted from scheduling, according to the RAN4 restrictions. This can result in a UE not being available for scheduling by the network in nearly 25% of the time if, e.g., 64 SSBs are to be measured and assuming SMTC windows of 5ms occurring every 20ms. The system-level performance degradation from the mentioned scheduling restrictions in FR2 have been evaluated in several contributions to both RAN1 and RAN, showing a capacity loss ranging from about 5% to more than 50%, depending on the assumed packet delay budget (PDB) and SMTC configuration. The performance degradation is summarized in Table 1 and Figure 1. More details about the results and corresponding simulation assumptions can be found in [2]. Therefore, relaxation of the scheduling restrictions based on network configuration is needed to improve the XR capacity, at least in medium to low mobility scenarios.
[bookmark: _Ref144119786]Table 1. Number of satisfied XR users per cell for different SMTC configurations in FR2, DU, 30 Mbps
	 
	CG (PDB: 15ms)
	AR/VR (PDB: 10ms)
	Capacity loss w.r.t. no scheduling restrictions

	
	
	
	CG (PDB: 15ms)
	AR/VR (PDB: 10ms)

	W/O scheduling restrictions
	9 UEs
	7 UEs
	-
	-

	SMTC 1 (20,5)
	6.2 UEs
	3.1 UEs
	31%
	56%

	SMTC 2 (20,3)
	8 UEs
	5.1 UEs
	11%
	27%

	SMTC 3 (20,2)
	8.5 UEs
	6.5 UEs
	6%
	7%

	SMTC 4 (40,5)
	7.3 UEs
	4.1 UEs
	19%
	41%

	SMTC 5 (40,2)
	8.6 UEs
	6.6 UEs
	4%
	6%
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(a) CG in FR2 at 30Mbps 
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(b) AR/VR in FR2 at 30Mbps


[bookmark: _Ref144119803]Figure 1 - Percentage of satisfied XR users obtained from system-level simulations for DU at FR2 with 30 Mbps and 99% of XR frames received within PDBs of 10ms and 15 ms, with/without scheduling restrictions during SMTC periods.

2.2.2.  CQI enhancements for CBG based transmissions​
Given large payloads for XR cases, code block group (CBG)-based transmissions are attractive as a mean to have resource-efficient transmissions to improve capacity. However, to fully gain from CBG-based transmissions, there is a need to have efficient link adaptation methods tailored for the CBG-based transmissions through enhanced CQI (eCQI). We have previously shown in [3] that the wide channels required to carry the XR data exhibit varying quality across CBGs – Figure 2.
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[bookmark: _Ref144115227]Figure 2 - SNR values per CGB in a single TB
These enhancements can control a maximum amount of failed CBGs per each transport block transmission which in turn helps with the timely reception of packets within the XR services’ strict delay budgets. The potential benefits are shown in Figure 3 below.
[image: ]
Figure 3 - Improved XR capacity with improved CGB based CQI reporting.
In addition to CQI enhancements for CBG based transmissions, TR 38.835 included two more enhancements related to CQI/HARQ. The comparison of those in terms of capacity gains and specification impact are given in Table 2. 
Table 2. Comparison of CQI enhancements gains from TR 38.835 (Rel18 XR)
	Baseline scenario: FR1, DL, InH, 30 and 45 Mbps, PDB = 10 and 15 ms. BLER =10%

	Scheme
	Results
	Note

	 
	30 Mbps;
10ms
	30 Mbps;
15ms
	45 Mbps;
10ms
	45 Mbps;
15ms
	 

	Annex B.1.3: Enhanced CQI for CBG-based transmissions

	Gain: 17%
	Gain: 16%
	Gain: 24%
	Gain: 22%
	Spec impact is low. 
-New condition to choose the CQI index (no new reporting format)
-New RRC values for number and error probability of CBGs.

	Annex B.1.4: Enhanced CQI based on DMRS

	Gain: 4%
	Gain:  4%
	 
	 
	Considerable changes to specs.
Note: larger gains are observed when DMRS-based CQI is compared to legacy CQI for outer-loop link adaptation configurations of 'disabled' (gains is ~6% for InH and 21% for Uma, 30MBps and 10ms) and BLER=22% (gain is~9%), respectively.

	Annex B.1.5: Soft HARQ-ACK enhancements

	Gain: 5% (4 slots ReTx delay)
	 
	Gain: 14% (4 slots ReTx delay)
	 
	Spec impact is average.
-New HARQ ACK format (new reporting format, extra bits); 
-New list of values in RRC for delta MCS.
Note: the gains from Soft HARQ are increased when ReTx delay is increased (e.g., 8 slots)



2.2.3.  Rate control for delay-critical GBR in UL
XR applications require rate control to manage the sharing of uplink resources among logical channels having data to transmit in the uplink direction. NR relies on the logical channel prioritization function (LCP) for that purpose. RRC controls LCP by giving each logical channel a priority, a prioritised bit rate (PBR), a bucket size duration (BSD) and a list of possible restrictions (controlling which configured cells, numerologies, PUSCH transmission duration and Configured Grant type the logical channel can use), as depicted in Figure 4. 
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[bookmark: _Ref144121118]Figure 4 - LCP to distribute UL grant resources among logical channels.
In scenarios where LCP restrictions can be put in place to isolate Delay Critical GBR (DC-GBR) services by mapping them on distinct resources (may it be cell, numerology…), it is obvious that through scheduling (dynamic or SPS), the gNB has direct control of the DC-GBR bearers and can always ensure that the Maximum Data Burst Volume (MDBV) over PDB duration is never exceeded and that the Guaranteed Flow Bit Rate (GFBR) over the Averaging Window (AW) is fulfilled. However, in scenarios where LCP restrictions cannot isolate DC-GBR services from each other and/or from other services, the gNB has limited control of the bearers’ usage of the UL grant and their supported QoS. LCP restrictions present limitations of applicability depending on the deployment scenario and scalability issues in case of multiple DC-GBR bearers per UE. 
For instance, the current LCP procedure at UE’s MAC allows fulfilling either the GFBR or the MDBV (over PDB) rate requirement for DC-GBR bearers, but not both.
· If the logical channel is served resources based on its average rate (i.e., PBR = GFBR), there are no guarantees that up to MDBV can be sent within PDB.
· If the logical channel is served resources based on its burst peak rate (i.e., PBR = MDBV/PDB > GFBR), larger and/or more frequent UL grants need to be provided to the UE to satisfy the remaining logical channels (reduces cell capacity).
If no larger or more frequent UL grants are provided to the UE, there is risk of starvation for logical channels with lower priority. 

3. WI objectives for Rel19 XR enhancements 
Based on the topics and corresponding enhancements discussed in Section 2, potential objectives for Rel-19 WID on further XR enhancements for NR could be:
Proposal 1:
The Rel19 XR enhancements objectives are as follows:
· Specify enhancements to relax, or overcome, harmful scheduling restrictions for XR users that are caused by RRM measurements (e.g., from inter-frequency RRM measurement gaps or FR2 intra-frequency measurements). [RAN2, RAN1, RAN4] 
· Specify enhancements to the LCP mechanism in the uplink to enable better control of the data rate and delay requirements of individual bearers to achieve the best possible XR capacity. [RAN2]
· Specify enhanced CQI/HARQ feedback schemes to improve the XR link adaptation performance, resulting in higher XR capacity. [RAN1, RAN2]
· The starting point should be the solutions from the Rel-18 XR SI phase as captured in 3GPP TR 38.835 Annex B.1.3 to B.1.5. Favouring the scheme with most attractive XR capacity benefits and lowest specification impact. 
· Note: Target solutions that build on the current NR HARQ and CQI framework with modest changes (e.g., favouring solutions that relies on reporting an index pointing to well-defined CQI tables as in current specification, minimum changes to UE PHY CSI measurements, and no new reference signals being introduced).
· Specify the following user plane enhancements: [RAN2]
· Means to enhance NR RLC operation to improve the performance of data transfer within small packet delay budgets. 
· Mechanism to inform the receiver of missing SN in PDCP. 
· Specify clear and testable UE behaviour for the determination and indication of unused transmission occasions using UTO-UCI, possibly including, if justified, extension of UTO-UCI indication across multiple CG configurations of the same UE. [RAN2, RAN1]
· Study and, if justified by capacity and/or power saving gains, specify aspects related to multi-modality(intra-UE)/multi-QoS flow (with close coordination with SA2/SA4), and other aspects requiring coordination w/ SA initiated work as necessary (e.g., SA2/SA4 task list which may potential have RAN impact) ​[RAN2]
Note: System-level simulations (SLS) may be used to compare the benefits of different solution variants. The SLS methodology shall follow the earlier XR simulation agreements in 3GPP TRs 38.838 and 38.835, including options for also with background eMBB traffic in addition to XR users. The eMBB traffic may be modelled as simple full buffer or as FTP3.

4. Conclusion
In this document we present our views for Rel-19 further XR enhancements in RAN working groups. The topics discussed in Section 2 are intended to highlight the potential objectives, justification and background on selected topics related to Rel-19 XR in RAN. In summary, the possible Rel19 XR enhancement objectives are:
Proposal 1:
The Rel19 XR enhancements objectives are as follows:
· Specify enhancements to relax, or overcome, harmful scheduling restrictions for XR users that are caused by RRM measurements (e.g., from inter-frequency RRM measurement gaps or FR2 intra-frequency measurements). [RAN2, RAN1, RAN4] 
· Specify enhancements to the LCP mechanism in the uplink to enable better control of the data rate and delay requirements of individual bearers to achieve the best possible XR capacity. [RAN2]
· Specify enhanced CQI/HARQ feedback schemes to improve the XR link adaptation performance, resulting in higher XR capacity. [RAN1, RAN2]
· The starting point should be the solutions from the Rel-18 XR SI phase as captured in 3GPP TR 38.835 Annex B.1.3 to B.1.5. Favouring the scheme with most attractive XR capacity benefits and lowest specification impact. 
· Note: Target solutions that build on the current NR HARQ and CQI framework with modest changes (e.g., favouring solutions that relies on reporting an index pointing to well-defined CQI tables as in current specification, minimum changes to UE PHY CSI measurements, and no new reference signals being introduced).
· Specify the following user plane enhancements: [RAN2]
· Means to enhance NR RLC operation to improve the performance of data transfer within small packet delay budgets. 
· Mechanism to inform the receiver of missing SN in PDCP. 
· Specify clear and testable UE behaviour for the determination and indication of unused transmission occasions using UTO-UCI, possibly including, if justified, extension of UTO-UCI indication across multiple CG configurations of the same UE. [RAN2, RAN1]
· Study and, if justified by capacity and/or power saving gains, specify aspects related to multi-modality(intra-UE)/multi-QoS flow (with close coordination with SA2/SA4), and other aspects requiring coordination w/ SA initiated work as necessary (e.g., SA2/SA4 task list which may potential have RAN impact) ​[RAN2]
Note: System-level simulations (SLS) may be used to compare the benefits of different solution variants. The SLS methodology shall follow the earlier XR simulation agreements in 3GPP TRs 38.838 and 38.835, including options for also with background eMBB traffic in addition to XR users. The eMBB traffic may be modelled as simple full buffer or as FTP3.
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