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1	Introduction
In RAN plenary 94-e [1], a new SI for Rel-18 on extended reality (XR) was agreed [1], with objectives covering 1) XR-awareness in RAN, 2) XR-specific power saving, and 3) XR-specific capacity improvements. 
In this contribution, we discuss possible study topics related to the third area, following the objectives in [1]:
“Objectives on XR-specific capacity improvements (RAN1, RAN2): 
· Study mechanisms that provide more efficient resource allocation and scheduling for XR service characteristics (periodicity, multiple flows, jitter, latency, reliability, etc…). Focus is on the following mechanisms: 
· SPS and CG enhancements;
· Dynamic scheduling / grant enhancements.”
[bookmark: _Ref178064866]2	Discussion
2.1	Principles for assessments of DG or CG/SPS based enhancements
During the last RAN1 meeting, many capacity enhancement techniques were proposed, and the following guideline was endorsed to facilitate the proper assessments of the techniques for identifications of potential techniques being necessary to improve capacity performance of XR traffic 
Agreement:
· To support a candidate capacity enhancement technique for XR traffic, capacity performance gain by the technique as compared to baseline should be shown.
· Capacity performance gain by the candidate technique as compared to baseline is a necessary condition to consider supporting the candidate technique.
Agreement:
· For each candidate capacity enhancement technique for XR traffic, companies are encouraged to consider the following common principle for assessment of the candidate capacity enhancement technique:
· Identify the XR-specific issue(s) that the enhancement technique is addressing
· Identify the necessity of the enhancement technique to address the issues
· Identify whether/how the enhancements provide benefit/performance capacity gain.
· Consider at least feasibility, complexity, and system level performance evaluations in comparing the enhancement techniques. Power saving gains for a given enhancement technique can optionally be evaluated and considered in addition to these other aspects.
· The baseline scheduling scheme when comparing the proposed capacity enhancements techniques is:
· Dynamic scheduling and/or
· Semi-persistent scheduling / Configured grant scheduling
· Note: Companies are encouraged to additionally use DG scheduling as the baseline scheduling scheme when showing the capacity performance gain

Regarding the transmission schemes for XR traffic, two general categories are considered to investigate for potential enhancements, namely, dynamic grant (DG) based transmissions, and UL Configured Grant (CG) and DL Semi-Persistent Scheduling (SPS) based transmissions. DG-based transmissions enable the gNB to provide variable transmission/reception parameters and resources to the User Equipment (UE), depending on system conditions and traffic characteristics. CG/SPS-based transmissions enable the gNB to semi-statically provide transmission/reception parameters and resources to the UE (e.g., Modulation and Coding Scheme (MCS) and Physical Resource Blocks (PRBs)), to be used periodically when traffic is present. 
XR services include downlink (DL) and uplink (UL) traffic flows, e.g., DL video and UL scene application packets (also referred to as video/scene frames), DL audio application packets, and UL pose/control application packets. As described in Error! Reference source not found., these flows have different characteristics (e.g., bit rate and periodicity) and requirements in terms of (application) packet delay budget (PDB). DL video and UL scene traffic are considered periodic and have large-sized application packets, with size variability at the presence of jitter (particularly in DL due to varying frame encoding delay and network transfer time). UL pose/control traffic is also assumed periodic but with fixed small-sized application packets and no jitter
In XR scenarios, the heterogeneity of XR traffic flows will likely require using different transmission schemes. From this perspective, we preliminary observe that:
[bookmark: _Toc111132938][bookmark: _Toc111133021][bookmark: _Toc111135082][bookmark: _Toc111135249][bookmark: _Toc111135364][bookmark: _Toc111135414][bookmark: _Toc111135491][bookmark: _Toc111135539][bookmark: _Toc111135635][bookmark: _Toc111132939][bookmark: _Toc111133022][bookmark: _Toc111135083][bookmark: _Toc111135250][bookmark: _Toc111135365][bookmark: _Toc111135415][bookmark: _Toc111135492][bookmark: _Toc111135540][bookmark: _Toc111135636][bookmark: _Toc111132940][bookmark: _Toc111133023][bookmark: _Toc111135084][bookmark: _Toc111135251][bookmark: _Toc111135366][bookmark: _Toc111135416][bookmark: _Toc111135493][bookmark: _Toc111135541][bookmark: _Toc111135637][bookmark: _Toc111132941][bookmark: _Toc111133024][bookmark: _Toc111135085][bookmark: _Toc111135252][bookmark: _Toc111135367][bookmark: _Toc111135417][bookmark: _Toc111135494][bookmark: _Toc111135542][bookmark: _Toc111135638][bookmark: _Toc111132945][bookmark: _Toc111133028][bookmark: _Toc111135089][bookmark: _Toc111135256][bookmark: _Toc111135371][bookmark: _Toc111135421][bookmark: _Toc111135498][bookmark: _Toc111135546][bookmark: _Toc111135642][bookmark: _Toc111132949][bookmark: _Toc111133032][bookmark: _Toc111135093][bookmark: _Toc111135260][bookmark: _Toc111135375][bookmark: _Toc111135425][bookmark: _Toc111135502][bookmark: _Toc111135550][bookmark: _Toc111135646][bookmark: _Toc111132953][bookmark: _Toc111133036][bookmark: _Toc111135097][bookmark: _Toc111135264][bookmark: _Toc111135379][bookmark: _Toc111135429][bookmark: _Toc111135506][bookmark: _Toc111135554][bookmark: _Toc111135650][bookmark: _Toc111240439]DG is a suitable transmission scheme to deal with varying and large-sized application packets and possible jitter for DL video and UL scene XR traffic.
[bookmark: _Toc111240440]CG is a suitable transmission scheme for predictable and fixed small-sized UL traffic, e.g., pose/control and BSRs triggered by UL scene XR traffic.

Moreover, application information on XR traffic characteristics and requirements can assist the RAN to handle different XR flows according to the committed Quality of Service (QoS), such as knowing which IP packets belong to the same application packet and the periodicity of the traffic flows [3]. For example, the knowledge of traffic periodicity can enable a proper use of pre-scheduling, where the network can provide an initial UL transmission grant to an XR user when its traffic is expected, without waiting for a SR. Similarly, the knowledge of packet size characteristics can enable a proper use of multi-PxSCH scheduling, e.g., when it is expected that several TBs (slots) will be needed to transmit a large-sized XR application packet. 
Considering the above discussion, we consider the following guidelines for assessing the necessity and benefit of the enhancement of DG and CG/SPS schemes for XR services.
[bookmark: _Toc111240451]To assess the necessity and benefits of the candidate enhancement techniques for improving capacity of XR video traffic, prioritize DG based enhancement techniques for XR video traffic.
[bookmark: _Toc111240452]To assess the necessity of the candidate CG/SPS enhancement techniques for improving capacity of XR video traffic, the CG/SPS based transmissions for XR video traffic should be compared to DG based transmissions for XR video traffic.
[bookmark: _Toc111240453]The necessity and benefit of the candidate enhancement techniques of DG and CG/SPS schemes for XR services should be assessed under the assumption of XR-awareness at RAN.

2.2	CG/SPS enhancements
Regarding the candidate CG/SPS enhancement techniques, the following agreement was reached during RAN1#109e [4]:
Agreement:
To study whether/how to support a candidate capacity enhancement technique for XR traffic based SPS/CG transmissions, companies are encouraged to consider the following studies:
· Study enhancements related to multiple PDSCHs SPS transmission occasions in a period
· Study enhancements related to multiple PUSCHs CG transmission occasions in a period
· Study enhancements related to dynamic adaptation of SPS/CG parameters/configurations
· Study enhancements related to non-integer periodicity for SPS/CG transmissions.
· Note: Other studies are not precluded, as well as the combination of the above studies.
· Follow the common principle for assessment of the candidate capacity enhancement technique
· 

In the following, we discuss our view regarding the proposed candidate enhancements for the areas mentioned above.
2.2.1	Dynamic adaptation of SPS/CG
In RAN1#109e meeting, there has been interest in improvement of SPS/CG configurations to adapt dynamic XR traffic whereas of currently, the allocation and transmission parameters are pre-configured, and if require any updates, then that can be only applied after reactivation/reconfiguration. Thus, for any prospective enhancements to handle dynamicity of XR traffic, nonetheless, it will require some form of additional signalling, such as DCIs, UCIs or MAC CEs. This will make SPS/CG tread towards dynamic grant-based allocation, which we believe is a poor solution and is explained by the following arguments:
· Dynamic adaptation of CG/SPS proposes to over provision resources by CG/SPS, then dynamically cancel unneeded resources, and then re-allocate freed resources to other UEs. 

To handle dynamic XR traffic with frequent/periodic occasions, instead of SPS/CG, multi-slot allocation may be a better alternative. If parameters have changed due to channel conditions, traffic arrivals, packet size, jitter, etc., then a new multi-slot allocation grant/assignment can be provided which emulates the changed requirements.

Therefore, to handle dynamicity of XR traffic, the allocations based on dynamic scheduling should be utilized. Further, the network can implement dynamic scheduling in multiple ways depending on the PDB requirement, TDD pattern configuration, etc. For example, pre-scheduling based on dynamic allocation, being already available in gNB implementations, can be used to mimic configured scheduling but to keep needed dynamicity. There, we consider XR-awareness related information available to the gNB, e.g., traffic periodicity information, arrival time, and statistical properties of data packets, and thus a UE can be allocated grants at regular periods without the UE needed to send an SR every time, while the dynamic scheduling properties are preserved by updating the link adaptation and resource allocation. 
We have simulated the capacity performance for UL video traffic with CG and DG scheduling for system parameters conforming to Table A.1 in appendix for 30 ms and 15 ms PDB. We have considered following cases for the simulation:
· Genie scheduling based dynamic (Genie DG):
· The scheduling is based on dynamic grants where it is assumed accurate BSR with zero delay is available at the scheduler to be used for indicating proper UL grant to the UE. This case is considered to show the upper bound.
· Normal scheduling-based dynamic grant (Normal DG):
· The scheduling is based on dynamic grants where it is assumed an SR is triggered upon arrival of a new ADU in the UE buffer. A UL resource is granted then to the UE and the follow up UL grants are updated based on corresponding BSR. This case is considered as baseline.
· Pre-scheduling based dynamic grant (Pre-scheduling DG):
· An initial grant for a TBS with e.g., minimum size of ADU of 100 kbits, is scheduled and periodically (every 5ms here) is updated assuming the XR periodicity and arrivals related information is known according to XR awareness (i.e., without relying on SR). 
· Normal scheduling based configured grant (Normal CG):
· Configured grant with 60 kbits TBS every 5 ms, or 100 kbits TBS every 2.5 ms for 30 ms and 15ms PDB, respectively, are used. To ensure the CG scheme is simulated with bigger sized and more frequent occasions for 15 ms PDB requirement. 

The capacity performance results are shown in Figure 1. This shows that for larger PDB, if any potential enhancements applied for dynamic adaptation to CG, still there will be no or very limited capacity gains as the performance with static parameters already matching quite close to the upper bound. However, in smaller PDB case, there can be room for CG based improvement for CG. However, in both scenarios, pre-scheduling DG seems to be a lucrative option, as it can provide better performance than CG and close to the upper bound.
The results support our view that the periodic nature of video XR traffic does not motivate the usage of CG/SPS based transmission. This characteristic instead motivates usage of dynamic grant pre-scheduling schemes that are already used in practice. Incorporating BSR enhancements, as we discuss later, is the proper approach to further improve the dynamic grant pre-scheduling schemes. 
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[bookmark: _Ref110510692]Figure 1. Fraction of satisfied users, using the XR capacity KPI with target of 99% packet success rate, for Genie scheduling based DG (upper bound), normal scheduling based, pre-scheduling-based DG and scheduling based CG for transmission of XR video in UL as percentage of number of satisfied users. Solid and dashed lines illustrate the capacity performance corresponding to 30ms and 15ms PDB, respectively.

For convenience, the results presented in figure and relative gains are summarized in Table 1 below.

[bookmark: _Ref111187906]Table 1 Summary of simulation results for DG and CG scenarios
	
	30ms PDB
	15ms PDB

	Scenario
	Capacity (#users)
	Gain (comparing to Normal DG)
	Capacity (#users)
	Gain (comparing to Normal DG)

	Genie DG
	7.10
	4.41%
	5.02
	96%

	Normal DG
	6.80
	0%
	2.56
	0%

	Pre-scheduling DG
	6.80
	0%
	4.50
	76%

	Normal CG
	6.35
	-6.62%
	1.61
	-39%



Summing up all of above, we think that studying dynamic adaptations for SPS/CG to serve video traffic is hardly motivated and may bring negligible gains for capacity, and on the contrary may increase power usage and system complexity considerably.
[bookmark: _Toc111240441]Dynamicity of XR traffic with frequent/periodic occasions can be handled by existing gNB implementation using pre-scheduling based on dynamic allocation.
[bookmark: _Toc111240442]The capacity performance of dynamic pre-scheduling with XR-awareness is the highest and the closest to the achievable bound. 
[bookmark: _Toc111240443]Necessity of supporting new features to enable dynamic adaptation of CG/SPS transmission is not justified.
Based on our observations we propose:
[bookmark: _Toc111240454]Deprioritize studying the enhancements based on dynamic adaptations for SPS/CG based transmissions.
2.2.2	Non-integer periodicity
In the last meeting, there were discussions on exploring possible enhancements for CG/SPS periodicity to better match with XR traffic periodicity. The motivation is to avoid increasing delays including the impact due to TDD pattern constraints. However, if we see the performance curves depicted in Figure 1, the usage of CG/SPS based transmission for XR video traffic are not motivated, and consequently, any potential enhancements to match the periodicity seem to be unnecessary.
[bookmark: _Toc111240444]Usage of CG/SPS based transmission for XR video traffic is not motivated, and consequently, any potential enhancement to match the periodicity between XR video traffic and CG/SPS configurations seems to be unnecessary
Based on the above discussion, we propose the following:
[bookmark: _Hlk110338571][bookmark: _Toc111240455]Deprioritize studying the enhancements for matching the periodicity of CG/SPS resource allocations to XR traffic periodicity.
2.2.3	Multiple PxSCHs per SPS/CG period
One of the enhancements for CG/SPS was discussed in the last meeting is the support of multiple PUSCH/PDSCH per CG/SPS period to cater large video packets. 
As we concluded in the previous section, DG based allocation is already capable of supporting dynamic variations in XR video traffic, so any enhancements to CG/SPS cannot provide capacity higher than dynamic grant scheduling. In addition to the questionable capacity performance gains to motivate such enhancements, we discuss the following challenges regarding complexity of the proposed candidate schemes.

Regarding the enhancements proposed based on grouping of multiple CG/SPS configurations having same periodicity but different offset, our view is as the following.
To optimize multiple CG/SPS framework for multiple PxSCHs per period, the joint activation is missing, considering the enhancements done in Rel-16. It was discussed in Rel-16, whether multiple configurations can be grouped and activated/reactivated/de-activated jointly using a single DCI. However, only joint deactivation was specified in Rel-16. The disadvantageous that we observe with the support of joint activation are summarized below:
In order to activate as a group, we see the following challenges:
· The network may need to spend signalling to allocate individual CG IDs, then configure a group ID mapping to group of individual CG IDs, in order to activate/update/reactivate CGs with required parameters. 
· It may increase both delay and PDCCH resource usage as control signalling will be spent, at first, perhaps creating individual CGs.
· It may also need modification of DCI, or even additional of fields for group activation. This is not similar to group deactivation, where many of the fields are not useful, and thus used for validation or indicate group ID in the HARQ bitfield provided by ConfiguredGrantConfigType2DeactivationStateList or sps-ConfigDeactivationStateList.
· To have all CGs belonging a group the same parameters, such as MCS, RV pattern, etc., then it does not make sense to create multiple CGs with same parameters. Instead, one could aim for devising multiple allocations with similar parameters within the single CG/SPS.
Therefore, we are not convinced with grouping of CG/SPS configurations with joint activation, as signalling and specification complexity is high. Based on the above discussion, we propose the following:

[bookmark: _Toc111240456]Do not pursue enhancements based on joint activation to enable multiple CGs/SPSs occasions in a period.
Although we are not convinced that SPS/CG enhancements are justified or necessary for improving XR traffic capacity performance, from the specification and complexity point of view, an extension of multi-PxSCH allocation framework to single CG/SPS seems to be the most reasonable approach, if justified to be needed. 
For an extension of multi-PxSCH allocation framework to single CG/SPS, since number of allocated slots are already incorporated in TDRA table and, thus, it can be supported with activation / re-activation DCI for CG/SPS. The specification complexity may be low compared to solutions based on grouping of CGs/SPS. At the time of activation, multiple HARQ processes can be automatically associated with single CG/SPS configuration. Simultaneously, PDCCH monitoring is not increased as there is only one configuration associated with multi PxSCH allocations. Moreover, any potential enhancements to multi-PxSCH framework for dynamic grants can be inherited.
[bookmark: _Toc111240457]The enhancements based on multi-PxSCH allocation for a single CG/SPS can be considered to study if the corresponding capacity performance gains are provided and  the specification effort is low.

2.3	Dynamic scheduling/grant enhancements
As regards to DG enhancements, the following agreements were reached during RAN1#109e [4]:
Agreement:
To study whether/how to support a candidate capacity enhancement technique for XR traffic based dynamic scheduling/grant transmissions, companies are encouraged to consider the following studies:
· Study enhancements related to extending capability of single DCI scheduling multi-PDSCHs/PUSCHs for FR2-2 to FR1/FR2.
· Note: whether and how to discuss enhancements may depend on the outcome of Rel-17 B52.6G UE feature discussion
· Study enhancements related to HARQ-ACK and/or CBG transmissions for single DCI scheduling one or multi PDSCH(s).
· Study enhancements related to allowing different configurations per PDSCH/PUSCH
· Study enhancement related to scheduling request and/or BSR with the focus on L1 enhancements.
· Note: Other studies are not precluded as well as the combination of the above studies.
· Follow the common principle for assessment of the candidate capacity enhancement technique.

In the following, we provide our observations and proposals on the above aspects.
2.3.1	Dynamic Multi-PxSCH scheduling
As we concluded in the previous section, DG based scheduling is the suitable scheduling approach for serving the XR traffic with varying and large-sized application packets and possible jitter for DL video and UL scene XR traffic. As discussed in [5], the network may often need to allocate several TBs (slots) to deliver all the IP packets belonging to an XR application packet, e.g., DL/UL video/scene frames. With normal dynamic scheduling, the network may often need to send multiple DCIs to the UE (one DCI per TB) to finalize the resource allocation for an XR application packet. By doing so, it can also promptly adapt its scheduling decisions to the variation of system conditions and traffic characteristics, assuming these latter are known at RAN via XR-awareness. In this context, we believe that for dynamic scheduling, using single DCI that schedules multiple PxSCHs is the natural choice for XR-specific traffic. The existing dynamic scheduling of multi-PxSCHs lack needed flexibility at the cost of lower DCI overhead as compared to single PxSCH dynamic scheduling.
[bookmark: _Toc111240445]Dynamic scheduling based on single DCI scheduling multiple PxSCHs is a natural choice to serve XR traffic due to corresponding varying and large-sized application packets.
[bookmark: _Toc111240446]Single DCI scheduling multiple PxSCHs lacks the flexibility of single DCI scheduling single PxSCH, 
In this context, we believe that in the domain of dynamic scheduling, the enhancements of dynamic scheduling of multi-PxSCHs are relevant to be investigated to explore potential improvements in XR capacity performance.
[bookmark: _Toc111240458]Consider studying candidate enhancement techniques for single DCI scheduling multiple PxSCHs to explore potential capacity performance gains when used for serving XR traffic.
During RAN1#109e, enhancements to the multi-PxSCH framework were identified as a possible working area for achieving the above goal. Currently, multi-PxSCH scheduling allows to use a single DCI for granting the transmission of up to 8 TBs in different slots in DL (multi-PDSCH) and UL (multi-PUSCH). With respect to Rel-16 and Rel-17, and considering XR use cases, we consider the following  enhancement areas.

Multi-PxSCH enhancements for operations in FR1 and FR2:
As per Rel-17, multi-PUSCH is available for operations in FR1 and FR2, while multi-PDSCH is limited to FR2 and sub-carrier spacing (SCS) from 120 kHz up. On the one hand, we observe that enabling multi-PDSCH in FR1 and for lower SCS (30 kHz) may be beneficial for XR, considering that XR services are expected to be supported in this frequency range. On the other hand, we also highlight those discussions on this aspect are already ongoing within the Rel-17 UE Features agenda item, where proposals for enabling multi-PDSCH in FR1 and for SCS of 30 kHz are already under discussion (see [6]). Hence, we believe that coordination between working groups is needed to avoid work duplication.
[bookmark: _Toc111240459]Extend operation of dynamic scheduling of multi-PDSCH  to FR1 and lower SCS (e.g., 30 kHz) for XR. The work on this aspect must consider the outcomes from the UE feature discussions in Rel-17 B52.6G.
Multi-PxSCH enhancements for higher scheduling flexibility:
 As per Rel-17, the multi-PxSCH framework allows to change the time allocation of the TBs scheduled by the same multi-PxSCH DCI. This is possible because the DCI points at a row of an RRC-configured time-domain resource allocation (TDRA) table, where a different Start and Length Indicator Value (SLIV) can be given to each TB. On the contrary, current multi-PxSCH does not allow to change MCS values and PRB allocation across the TBs scheduled together, thus practically limiting scheduling flexibility.   
As also mentioned in previous sections, a static allocation of MCS and PRBs may be a limiting factor for XR services, and thus for the use of multi-PxSCH in XR context, because it may not perform well for transmitting consecutive TBs under variable system conditions and traffic characteristics. Therefore, we believe it is beneficial to enhance the scheduling flexibility over the set of TBs scheduled by the same multi-PxSCH DCI. 
We highlight the possible gains of introducing a solution to enhance multi-PxSCH flexibility through a preliminary illustrative example. In the adopted simulation setup (see Table A.1 in Appendix for the list of settings), we compare the system capacity achieved by different DL transmission schemes while delivering DL video traffic flows (60 fps, 30Mbps bit rate, and PDB = 10 ms) to XR users. The transmission schemes under comparison leverage different tradeoff between scheduling flexibility and constraints, as follows: 
· Normal single PDSCH DG: 
· A single DCI schedules a single PDSCH. An active user is allocated with MCS and PRBs depending on the scheduling decisions in each slot. This scheme follows normal DG operations. This case is considered to show the upper bound discarding the DCI overhead. 
· Normal multi-PDSCHs DG:
· A single DCI schedules multiple PDSCHs. An active user is allocated with same MCS and PRBs over a maximum of 3 consecutive slots. This scheme mimics a standard multi-PDSCH mechanism due to the constraints of allocating same MCS/PRB resources for a set of 3 consecutive TBs. This case is considered as baseline.
· Multi-PDSCHs with flexible MCS:
· A single DCI schedules multiple PDSCHs. An active user is allocated with same PRBs but variable MCS over a maximum of 3 consecutive slots. This scheme mimics a multi-PDSCH scheme with enhanced MCS flexibility for a set of 3 consecutive TBs.  
· Multi-PDSCHs with flexible PRB:
· A single DCI schedules multiple PDSCHs. An active user is allocated with same MCS but variable PRBs over a maximum of 3 consecutive slots. This scheme mimics a multi-PDSCH scheme with enhanced PRB flexibility for a set of 3 consecutive TBs.
· Multi-PDSCHs with flexible MCS and PRB:
· A single DCI schedules multiple PDSCHs. An active user is allocated with variable MCS and PRBs over a maximum of 3 consecutive slots. This scheme mimics a multi-PDSCH scheme with enhanced MCS/PRB flexibility for a set of 3 consecutive TBs.
[image: Chart, line chart
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[bookmark: _Ref110515024]Figure 2. Fraction of satisfied DL VR users (10ms PDB), using the XR capacity KPI with target of 99% successful frames, for various scheduling schemes
Figure 2 shows the corresponding system level simulation results. The simulation results clearly demonstrate the gap in capacity performance of existing multi-PxSCHs scheduling as compared to a full flexible scheduler, i.e. single PxSCH scheduling. This highlights that enhancing multi-PxSCHs scheduling that fits well for XR use cases is beneficial and can lead to performance similar to normal DG. The overall gains over standard multi-PxSCHs depend on how efficiently scheduling flexibility is included in the existing framework (e.g., in terms of additional control signalling), an aspect that can be addressed in the next SI/WI phases.
For convenience, we summarize results from Figure 2 in the table below.
Table 2. Summary of simulation results for Multi-PDSCH
	Scenario
	Capacity (# users)
	Gain

	Normal single PDSCH DG
	6.05
	16,5%

	Normal multi-PDSCH DG
	5.19
	0

	Multi-PDSCHs with flexible MCS
	5.71
	10%

	Multi-PDSCHs with flexible PRB
	5.95
	14,5%

	Multi-PDSCHs with flexible MCS and PRB
	5.95
	14,5%




[bookmark: _Toc111240460]Consider study of enhancements for multi-PxSCHs dynamic scheduling to enable flexibility for MCS values and frequency allocation for the TBs scheduled by the same DCI with reduced control signalling overhead.

2.3.2	Scheduling Request and buffer status report enhancements
With an assumption that application awareness provides traffic properties to RAN, the gNB can predict traffic arrival and packet size at certain accuracy and then can proactively provide grants of appropriate size to UE (see our discussion on pre-scheduling based dynamic grant in Section 2.2) Therefore, by proper scheduling the impact of SR on the performance would be minor in particular for serving XR traffic due to its characteristics. 
If the intention of the proposed enhancements for SR, is to provide information about traffic type (video or pose) for which SR is triggered such that this information can be combined with knowledge of traffic properties derived from application awareness to benefit the scheduler, it is still not clear if any enhancements is needed. Such goals can be achieved by means of the current specifications via proper associating of logical channels and SR configurations. 
Based on above we can conclude that SR enhancements are not needed at physical layer.
[bookmark: _Toc111240461][bookmark: _Toc111135579][bookmark: _Toc111135675]Deprioritize studying SR enhancements at physical layer to improve capacity performance of XR traffic.

Regarding potential enhancements of BSR, we have previously shown the benefits of the enhancements that can contribute to more efficient scheduling of UL XR traffic to improve capacity [5]. However, the needed BSR enhancements are within RAN2 expertise as we discussed in [7].
[bookmark: _Toc111132962][bookmark: _Toc111133045][bookmark: _Toc111135106][bookmark: _Toc111135273][bookmark: _Toc111135388][bookmark: _Toc111135438][bookmark: _Toc111135515][bookmark: _Toc111135563][bookmark: _Toc111135659][bookmark: _Toc111240447]Finer BSR granularity improves the capacity performance for XR traffic and it is within the RAN2 scope.
Therefore, to properly utilizing the time in RAN1 and RAN2, we propose the following:
[bookmark: _Toc111240462]The BSR enhancements to improve capacity performance of XR traffic are not handled by RAN1.

2.4	Other Enhancements
In the following, we discuss our view regarding other enhancements techniques that were discussed during the last meeting.
2.4.1	Link Adaptation Enhancements
As regards to Link Adaptation (LA) enhancements, the following agreements were reached during RAN1#109e [4]:
Agreement:
The following lists the candidate enhancements techniques for link adaptation to imporve XR capacity that are proposed by companies RAN1#109-e. 
· At least the proponets are encouraged to justify the corresponding capacity benefits for XR traffic for considering potential study of these candidate enhancements techniques.  
· Delta MCS
· Soft HARQ-ACK feedback
· Cooperative MIMO scheme via precoding technique - bi-directional training
· Enhanced link adaptation for CBG-based transmission
· CSI report enhancements to address the different BLER requirements of different XR flows
· Follow the common principle for assessment of the candidate capacity enhancement technique.


In the following, we provide our observations and proposals on the above aspects.
Both Delta MCS and Soft HARQ-ACK feedback are mechanisms that provide gNB with increased knowledge of the radio conditions (SINR) prevailed at the time of transmission. By comparing the SINR at time of transmission with the SINR gNB expects when performing link adaptation (LA), the gNB can both perform a better outer loop LA adjustment and perform a better LA decision for a potential re-transmission. Both Delta MCS and Soft HARQ-ACK feedback were intensively discussed in Rel-17 where it was very difficult for companies to agree. We believe the main difficulty is that both measures are relative, and that UE has no knowledge of what target BLER the gNB aimed for which means that a reference point (BLER) is needed. Since companies did not manage to agree on a new reference point and the details of these schemes in Rel-17, we believe there is no hope that this will change in Rel-18. We, therefore, propose: 
[bookmark: _Toc111240463]Deprioritize further study of Delta MCS and Soft HARQ feedback.
On the other hand, in Rel-17 IIoT/URLLC discussions of CSI enhancement the technique of DMRS-based CSI was explicitly excluded. However, in our view, a DMRS-based CSI reporting where UE reports a CQI value indicating the quality of a received PDSCH can provide the gNB the same or better information as Delta-MCS and Soft HARQ-ACK feedback can provide. 
[bookmark: _Toc111240448]A DMRS-based CSI reporting can provide gNB with same or better information as Delta-MCS and Soft HARQ-ACK feedback. 
Since CQI is a well-established quality measure, we believe it would be easier to agree on specification details for DMRS-based CSI reporting than for the techniques such as Delta MCS and Soft HARQ-ACK feedback. We, therefore, propose: 
[bookmark: _Toc111240464]Study further capacity benefits with DMRS-based CSI reporting for XR traffic.

We understand the technique Cooperative MIMO scheme via precoding technique - bi-directional training as a general MIMO technique that is not specifically related to XR. Our understanding of the technique is that this is already possible to perform by implementation using current specification at least to some extent. It is strongly preferred that the potential enhancements in sounding flexibility suggested by the proponent are treated under Rel-18 NR MIMO evolution for downlink and uplink.
[bookmark: _Toc111240465]Potential continuation of study of Cooperative MIMO scheme via precoding technique - bi-directional training is performed under Rel-18 SI NR MIMO evolution for downlink and uplink.

The technique Enhanced link adaptation for CBG-based transmission we understand as mainly implementation and it is not related to specification enhancement although the proponent mention that CSI reporting could be improved by limiting the number of Code Block Groups that should fail with a 10% probability. Our understanding is that since mapping of coded bits is frequency-first, all Code Blocks (CBs) will experience similar SINR. That is, all CBs could be regarded to have same error probability . For large BWP when a CB only will cover a part of the bandwidth, it is possible to use NR’s interleaved VRB-to-PRB mapping to average out SINR for all CBs and to make the CBs having similar error probability. When CSI is determined by the UE, it is our understanding that the UE reports a CQI corresponding a TB such that 

where  is the number of CBs for the TB. From the above equation gNB could determine the CB error probability  and clearly also the CBG failure rate  from the number of CBs per CBG . Furthermore, from  the gNB could determine the SINR from which the link adaptation could choose a MCS such that the CBG failure rate is below some preferred value. 
[bookmark: _Toc111240449]Current CSI reporting framework enables link adaption to choose a MCS such that the CBG failure rate is below a preferred value while VRB-to-PRB mapping can average out SINR for all CBGs.
We agree that CBG-based transmission is likely beneficial for XR but based on our understanding we do not see a motivation to change the CSI reporting for CBG-based transmission. 
[bookmark: _Toc111240466]Deprioritize further study of CSI enhancements specific to CBG-based transmission.

For the candidate technique CSI report enhancements to address the different BLER requirements of different XR flows we understand this as a proposal to define a new CQI table with a target BLER between the present BLER targets 0.1 and 1e-5. The argument seems to be that different XR flows have different reliability requirements and that the present CQI tables with 0.1 BLER target intended for eMBB services and the CQI with 1e-5 BLER target specified for URLLC services are not enough since operating BLER for XR service is likely to be in the range 1e-2 to 1e-3. Already in Rel-15 it was discussed to define more CQI tables between 0.1 and 1e-5 since not all URLLC services has the extreme 1e-5 reliability requirement. Still, it was concluded that no additional table was needed. For URLLC with more relaxed requirements than 1e-5 it was left for gNB to maintain a coding model for UE decoding performance in order to map CQI defined for 0.1 or 1e-5 BLER target to a SINR value and then use the SINR and the coding model to determine which MCS is suitable for e.g. 1e-3 BLER target. For URLLC this was judged to work fine, and we are not aware of any information stating that such method gives a large performance degradation. Of course, packet sizes for URLLC are rather small while packet sizes for XR are huge it may be argued that it would be more important to optimize for XR services. However, we do not see how a new CQI table with a BLER target of, say 1e-3, would help link adaptation to better select an MCS for XR. Current MCS tables are designed such that one step in MCS corresponds roughly to 1 dB step in required SINR to maintain same BLER. For a large Transport Block Size (TBS) the LDPC BLER curves for different MCS are quite close to stair-step like such that 1 dB change in SINR can easily change BLER from 0.9 to 1e-5. This means also that for a fixed SINR, it is often impossible find a MCS that yield a target BLER of say 1e-3. Either a MCS that yield a higher BLER or a MCS that yield a lower BLER must be selected. Our understanding is that a new CQI table with BLER target between 0.1 and 1e-5 will not provide any significant gain or ease the task faced by the link adaption. Therefore, we propose:
[bookmark: _Toc111240467] Deprioritize further study of new CQI tables with a BLER target for XR purpose.
[bookmark: _Hlk106370506]2.4.2	Measurement Gaps Enhancements
As regards to Measurement Gaps (MG) enhancements, the following agreements were reached during RAN1#109e [4]:
Agreement:
The following lists the candidate enhancements techniques based on measurement-gap link to imporve XR capacity that are proposed by companies RAN1#109-e. 
· At least the proponets are encouraged to justify the corresponding capacity benefits for XR traffic for considering potential study of these candidate enhancements techniques.  
· Dynamic L1 based MG activation/deactivation. 
· Reuse current R16/R17 RRM relaxation condition to allow scheduling in MG to transform the R16/R17 RRM power saving gain into capacity gain.
· Follow the common principle for assessment of the candidate capacity enhancement technique.

As measurement gap is a part of mobility framework and it can’t be taken out of context. Allowing scheduling in measurement gaps may have serious impact on mobility in the whole system, because inter-cell measurements performed by UE are usually aligned with broadcast channels of neighbouring cells and under control of upper layers. Thus, any change in measurement gap framework should be assessed carefully by all relevant RAN groups. Moreover, measurement gaps decrease overall system capacity even for eMBB users and not for XR traffic alone, therefore, it is a generic issue.
Based on above discussion, we propose to approach mobility-related enhancements via relevant working item.
[bookmark: _Toc111240468]Do not consider measurement gaps-based enhancements in XR study. Such enhancements can be investigated under mobility enhancements WI if necessary.

2.4.3	Intra/Inter-UE multiplexing
As regards to inter-UE / intra-UE multiplexing techniques, the following agreements were reached during RAN1#109e [4]:
Agreement:
The following lists the candidate enhancements techniques to imporve XR capacity that are proposed by companies RAN1#109-e. 
· At least the proponets are encouraged to justify the corresponding capacity benefits for XR traffic for considering potential study of these candidate enhancements techniques.  
· Inter-UE/intra-UE multiplexing techniques, including e.g. finer granularity preemption indication
· Follow the common principle for assessment of the candidate capacity enhancement technique.

In the following, we provide our observations and proposals on the above aspects.
2.4.3.1	Inter-UE prioritization/multiplexing
Starting from inter UE pre-emption enhancements, as we understand [8] and [10] the main proposal is to enhance DL pre-emption signalling accuracy in frequency domain to let XR PDSCH transmission recover after being pre-empted by URLLC transmission or another XR UE transmission of higher priority (e.g., I-frame or audio/data packet). We believe that the following needs to be considered:
Assumption on pre-emption of XR traffic: 
First, we question the assumption that one time-critical traffic can pre-empt another time-critical traffic due to the following reasons:
· The pre-emption mechanism is intended to keep fulfilling time-critical traffic requirements when non-time-critical (eMBB) and time-critical services are multiplexed. For eMBB, a throughput is a main metric, and it is proven in Rel-15 that eMBB throughput is naturally decreased due to pre-emption, but not dramatically if pre-emption indication is used. In case time-critical traffic (e.g., XR) is pre-empted instead of eMBB, we may expect serious degradation of the capacity for this service even with pre-emption indication, since capacity metric is used instead of throughput, which includes delay and reliability. Therefore, multiplexing of XR and URLLC in the same bandwidth part is highly unwanted. Other alternatives can be preferred instead, e.g., one can serve URLLC and XR on different cells or frequency ranges and fill up vacant resources by eMBB traffic.
· In case of XR pre-emption potentially happening in the system, link adaptation algorithm should consider this uncertainty and reduce target BLER for initial XR transmissions to keep residual BLER at needed level. This again will lead to capacity reduction, which only strengthen up the previous argument that usage of pre-emption for XR is unwanted.
· DL pre-emption itself is intended for rare use cases because in most of the cases URLLC traffic (especially with most extreme requirements) is periodic and deterministic, which is also the case for audio/data stream of XR. Thus, a scheduler can anticipate arrival of URLLC traffic and audio/data XR stream in future and avoid using pre-emption.
· DL pre-emption is a recovery action which happen after PDSCH transmission and might be too slow for XR traffic. It is especially true considering power saving enhancements where PDCCH monitoring needs to be minimized.

Assumption on pre-emption of one type of stream to prioritize another stream: 
As we understand, there is no common understanding in SA2 or SA4 that audio/pose is more important than video for application. And it is even questionable to assume that I-frames are more important than P-frames or aggregated stream (video+audio+data). What we know is that the requirements must be fulfilled for all traffic streams together and for all kind of video frames.
Assumption that pre-emption indication is coarse in frequency and can be improved:
· First, there is some frequency selectivity for pre-emption indication, and it is possible to configure DCI 2_1 to indicate pre-emption in full BWP or ½ of BWP. 
· Introduction of more accurate frequency signaling has been discussed in Rel-15. However, potential signaling overhead was not justified by gains. Moreover, since DCI 2_1 is a group common format, the understanding of BWP can be different for different UEs and it is not straightforward to reuse FDRA field in DCI 2_1 which makes specification work more difficult.
· Finally, there is an alternative mechanism based on CBGFI (flush indicator) which can be used in re-transmissions. A combination of R15 pre-emption signalling and CBGFI may considerably improve accuracy of soft-buffer cleaning.

[bookmark: _Toc111240450]Pre-emption of XR traffic has low relevance and enhancements of current signaling mechanisms are not justified.
Summing up all above, we think that studying inter-UE enhancements further has a very little to no value for XR and for NR in general.
[bookmark: _Toc111240469]Deprioritize further study of Inter-UE multiplexing enhancements.
2.4.3.2	Intra-UE prioritization/multiplexing
According to our understanding of the proponents’ papers [9] and [10], the main suggestion is to increase number of physical layer priorities from two levels (one bit) to more levels (more than one bit).
First, the introduction of multi-bit physical layer priority has been debated a lot in Rel-16. Looking at the whole PHY layer priority framework because of Rel-16 and Rel-17 enhancements, we see no opportunity to enhance it. There are several reasons:
· Introduction of two level PHY layer priority led to analysis of very many scenarios of overlapping between PUSCH and PUCCH of different kind. Introduction of one more bit may double the effort needed to complete the specification.
· Since UE performs PUSCH/PUCCH prioritization based on actual presence of information (SR or data), the framework requires a lot of potential blind decodes from gNB to check all possible hypotheses. Introduction of four levels of physical layer priority will double number of hypotheses to check which needs to be multiplied by number of UEs in the system. The gain must very high, and scenario should be frequently faced to make it acceptable for specification work, which is not the case.
· Finally, as packet delay budget for XR does not require mini-slot scheduling and all XR streams are almost equally important, the usage of intra-UE prioritization/multiplexing framework for XR is questionable.

Other than that, according to our understanding, the fundamental bottleneck for intra-UE multiplexing/prioritization is usage of only one processing chain in a UE per carrier which poses out-of-order rule to dynamically scheduled transmissions. Without adding multiple processing chains to one carrier, the framework likely can’t be improved.
Summing up all above, we think that studying intra-UE enhancements further has a very little to no value for XR and for NR in general.
[bookmark: _Toc111240470]Deprioritize further study of Intra-UE prioritization/multiplexing enhancements.

3	Conclusion
[bookmark: _In-sequence_SDU_delivery]In the previous sections we made the following observations: 
Observation 1	DG is a suitable transmission scheme to deal with varying and large-sized application packets and possible jitter for DL video and UL scene XR traffic.
Observation 2	CG is a suitable transmission scheme for predictable and fixed small-sized UL traffic, e.g., pose/control and BSRs triggered by UL scene XR traffic.
Observation 3	Dynamicity of XR traffic with frequent/periodic occasions can be handled by existing gNB implementation using pre-scheduling based on dynamic allocation.
Observation 4	The capacity performance of dynamic pre-scheduling with XR-awareness is the highest and the closest to the achievable bound.
Observation 5	Necessity of supporting new features to enable dynamic adaptation of CG/SPS transmission is not justified.
Observation 6	Usage of CG/SPS based transmission for XR video traffic is not motivated, and consequently, any potential enhancement to match the periodicity between XR video traffic and CG/SPS configurations seems to be unnecessary
Observation 7	Dynamic scheduling based on single DCI scheduling multiple PxSCHs is a natural choice to serve XR traffic due to corresponding varying and large-sized application packets.
Observation 8	Single DCI scheduling multiple PxSCHs lacks the flexibility of single DCI scheduling single PxSCH,
Observation 9	Finer BSR granularity improves the capacity performance for XR traffic and it is within the RAN2 scope.
Observation 10	A DMRS-based CSI reporting can provide gNB with same or better information as Delta-MCS and Soft HARQ-ACK feedback.
Observation 11	Current CSI reporting framework enables link adaption to choose a MCS such that the CBG failure rate is below a preferred value while VRB-to-PRB mapping can average out SINR for all CBGs.
Observation 12	Pre-emption of XR traffic has low relevance and enhancements of current signaling mechanisms are not justified.
Based on the discussion in the previous sections we propose the following:
Proposal 1	To assess the necessity and benefits of the candidate enhancement techniques for improving capacity of XR video traffic, prioritize DG based enhancement techniques for XR video traffic.
Proposal 2	To assess the necessity of the candidate CG/SPS enhancement techniques for improving capacity of XR video traffic, the CG/SPS based transmissions for XR video traffic should be compared to DG based transmissions for XR video traffic.
Proposal 3	The necessity and benefit of the candidate enhancement techniques of DG and CG/SPS schemes for XR services should be assessed under the assumption of XR-awareness at RAN.
Proposal 4	Deprioritize studying the enhancements based on dynamic adaptations for SPS/CG based transmissions.
Proposal 5	Deprioritize studying the enhancements for matching the periodicity of CG/SPS resource allocations to XR traffic periodicity.
Proposal 6	Do not pursue enhancements based on joint activation to enable multiple CGs/SPSs occasions in a period.
Proposal 7	The enhancements based on multi-PxSCH allocation for a single CG/SPS can be considered to study if the corresponding capacity performance gains are provided and  the specification effort is low.
Proposal 8	Consider studying candidate enhancement techniques for single DCI scheduling multiple PxSCHs to explore potential capacity performance gains when used for serving XR traffic.
Proposal 9	Extend operation of dynamic scheduling of multi-PDSCH  to FR1 and lower SCS (e.g., 30 kHz) for XR. The work on this aspect must consider the outcomes from the UE feature discussions in Rel-17 B52.6G.
Proposal 10	Consider study of enhancements for multi-PxSCHs dynamic scheduling to enable flexibility  for MCS values and frequency allocation for the TBs scheduled by the same DCI with reduced control signalling overhead.
Proposal 11	Deprioritize studying SR enhancements at physical layer to improve capacity performance of XR traffic.
Proposal 12	The BSR enhancements to improve capacity performance of XR traffic are not handled by RAN1.
Proposal 13	Deprioritize further study of Delta MCS and Soft HARQ feedback.
Proposal 14	Study further capacity benefits with DMRS-based CSI reporting for XR traffic.
Proposal 15	Potential continuation of study of Cooperative MIMO scheme via precoding technique - bi-directional training is performed under Rel-18 SI NR MIMO evolution for downlink and uplink.
Proposal 16	Deprioritize further study of CSI enhancements specific to CBG-based transmission.
Proposal 17	Deprioritize further study of new CQI tables with a BLER target for XR purpose.
Proposal 18	Do not consider measurement gaps-based enhancements in XR study. Such enhancements can be investigated under mobility enhancements WI if necessary.
Proposal 19	Deprioritize further study of Inter-UE multiplexing enhancements.
Proposal 20	Deprioritize further study of Intra-UE prioritization/multiplexing enhancements.
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Appendix
Table A.1: System simulation parameters
	Parameter
	Deployment scenarios

	
	Dense Urban / Urban Macro
(38.913 w/ following parameters)

	Layout
	9 cells with wraparound
ISD: 200m (Dense Urban), ISD: 500m (Urban Macro)

	Channel model
	UMa (38.901)

	UE Distribution
	80% indoor, 20% outdoor

	Carrier frequency
	4 GHz

	Subcarrier spacing
	30 kHz

	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)

	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

	TDD Configuration
	DDDSU

	Scheduler
	PF scheduler (for CG vs. DG comparison) and RR scheduler (for dynamically scheduled Multi-PxSCH results)

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

	DMRS overhead
	1 DMRS symbol per PDSCH/PUSCH

	Power control parameter
	alpha: 0.8

	Transmission scheme
	UL: Codebook-based type 1 (for CG vs. DG comparison) and DL: Reciprocity-based precoding (for dynamically scheduled Multi-PxSCH results)
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