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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	Assessment of XR capacity improvement techniques
During RAN1#110 meeting in Toulouse, companies were encouraged to follow the guidelines endorsed during RAN1#109-e meeting to facilitate the assessment of the techniques for improving the capacity for XR services.
From RAN1#109-e [2]:
	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.



From RAN1#110 Toulouse [3]:
	For future meetings:
Companies are requested to follow the following agreement and conclusion from RAN1#109-e. Check final FL summary for details.
Agreement:
· Rel-17 evaluation methodology for XR capacity enhancement captured in TR 38.838 is used as the baseline evaluation methodology for XR capacity enhancement of Rel-18 SI on XR enhancements.

Conclusion:
· Companies are encouraged to use the capacity Excel sheet attached with TR 38.838 in RP-213652  for recording the simulation results that are provided in their contributions.



In the following, we take the above into consideration and discuss our view on the assessment methodology and related principles.
XR services include downlink (DL) and uplink (UL) traffic flows, e.g., DL/UL video application packets (also referred to as scene traffic in UL), DL audio application packets, and UL pose/control application packets. These flows have different characteristics (e.g., bit rate, periodicity, jitter) and requirements in terms of (application) packet delay budget (PDB) [4]. The heterogeneity of XR traffic flows will likely require using different transmission schemes that when are mapped onto XR traffic, lead us to the following observation:
[bookmark: _Toc115468104]DG is a suitable transmission scheme to deal with varying and large-sized application packets and possible jitter for DL/UL video XR traffic.
[bookmark: _Toc115468105]CG is a suitable transmission scheme for predictable and fixed small-sized UL traffic, e.g., pose/control and BSRs triggered by UL video XR traffic.
Note that as discussed in the previous meetings, we are not convinced with the usage of DL SPS for serving XR traffic, and any related potential enhancement to improve XR capacity performance are not justified from our point of view. The view is aligned with the direction that RAN2 WG is adopted for exploring the potential enhancements for XR capacity.
Continuing from our RAN1#110 contribution [5], in this new contribution we would like to further highlight the role of XR awareness in designing specific solutions for XR capacity enhancement. 
It is common understanding that the knowledge of application information on XR traffic characteristics and requirements, e.g., traffic periodicity and application packet size statistics, can assist the RAN to handle different XR flows according to the committed Quality of Service (QoS) [6].
For example, the knowledge of UL traffic periodicity can enable the use of DG pre-scheduling, where the RAN can provide an initial UL grant to an XR user when traffic from this user is expected, without waiting for a scheduling request (SR). The knowledge of traffic size statistics can further assist RAN to properly allocate resources. In case of UL, enhanced BSR report can assist the scheduler for more proper resource allocation. We thus believe that further capacity improvements may be achieved by enhancing BSR and link adaptation (LA), aiming to optimize DG resource allocation, as demonstrated in the next sections via simulation results. 
In summary, we propose the following guidelines for assessing the necessity and benefit of the enhancement of DG and CG schemes for XR services.
[bookmark: _Toc115468121]To assess the necessity and benefit of the candidate enhancement techniques for improving capacity of XR video traffic, prioritize DG-based enhancement techniques.
[bookmark: _Toc115468122]To assess the necessity and benefit of the candidate CG enhancement techniques for improving capacity of XR video traffic, the CG-based transmissions for XR video traffic should be compared against DG-based transmissions for XR video traffic.
[bookmark: _Toc115468123]The necessity and benefit of the candidate enhancement techniques of DG and CG 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#109-e.
From RAN1#109-e [2]:
	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



Moreover, further agreement and conclusion were reached during RAN1#110. They address the methodology for assessing CG/SPS enhancements in comparison to DG-based approaches, and the lack of consensus on the necessity for SPS-specific enhancements. 
From RAN1#110 Toulouse [3]:
	Agreement:
· When DG is used as the baseline scheme, for the performance evaluation scheduling, after SR is triggered, both BSR and UL data can be transmitted using the UL grant after SR.
· Companies are encouraged to provide the size of resources by the first UL grant after SR.

Conclusion:
· There is no consensus in RAN1 on the benefits of enhancing SPS for the purpose of XR capacity enhancement



In the following, we take the above into consideration and discuss our view on the necessity and benefit of CG/SPS-based transmission enhancements, adopting DG-based transmissions as the performance baseline. Due to the Conclusion in RAN1#110 reported above, we focus our analysis on CG enhancements.
2.2.1 Dynamic adaptation of CG configurations
In RAN1#109-e and RAN1#110 meetings, there has been interest in proposing solutions to improve CG/SPS configurations towards adapting them to the dynamicity of XR video traffic in both DL and UL. Focusing on CG as explained before, CG transmission parameters are currently pre-configured, and updates can only be applied after reactivation/reconfiguration. Proponents of CG enhancements have several solutions for the dynamic adaptation of CG resources in RAN1#109-e and RAN1#110 contributions that can be summarized under this general idea:
· CG resources are pre-configured; then, additional control signalling is proposed where CG resources are downsized or supplemented depending on XR data. For example, a UCI similar to CG-UCI is proposed which informs network about changes in CG resource usage in a CG period.

In our view, to handle dynamic XR traffic, dynamic scheduling is in principle a better alternative to current CG framework and related enhancements. If transmission parameters need to be updated due to changes in channel conditions, traffic arrivals, packet size, jitter, etc., new dynamic grants can be provided to accommodate such changes. In the following, we explain the reasons accompanied with supporting simulation results:
It should be known that the network can implement DG scheduling in multiple ways. 
· For example, pre-scheduling based on dynamic allocation, being already available in gNB implementations, can be used to mimic configured scheduling while keeping the flexibility of granting dynamic resources to dynamic XR traffic. There, we consider XR awareness related information available to the gNB, e.g., traffic periodicity information, and/or statistics on data packet size. Thus a UE can be allocated grants at regular periods without the UE needed to send an SR, while the dynamic scheduling properties are preserved by updating the link adaptation. 
· Similarly, a normal DG scheme (non-prescheduling) can also leverage XR awareness. In this case, after the SR by a UE is received, the gNB can provide an initial grant that enables the UE to initiate data transmission while sending the BSR. The resource allocation in the initial grant (after the SR) can leverage information on XR packet size statistics (e.g., a grant fitting an XR packet of minimum size can be provided). Then, BSR can be used to decide if further resources are needed in the next slots to finalize the transmission of the XR packet.
· Another DG implementation variant is to rely on CG resources to indicate to the gNB the arrival of new data instead of SR. The NW can configure CG resources to not only receive indication of new data, but also receive an BSR to have an informed initial grant. After receiving data on CG, the gNB continues to serve the XR traffic using dynamic scheduling. 

We have simulated the capacity performance for UL video traffic (10 Mbps and 60 fps) with CG and DG scheduling for system parameters conforming to Table A.1 in Appendix for PDB = 30 ms and PDB = 15 ms. We have considered the following cases in our simulations, for which we also provide diagrams in Appendix:
· Genie scheduling based dynamic grant (Genie DG):
· The scheduling is based on dynamic grants where it is assumed BSR is available with zero delay at the scheduler when a new packet arrives in the UE buffer, to be used for indicating UL grants to the UE. This case is simulated to show the upper bound on capacity performance. See Figure 1.  

[image: ]
[bookmark: _Ref115457134]Figure 1: Illustration of Genie scheduling based dynamic grant (Genie DG) scheme

· Dynamic grant (Normal DG):
· The scheduling is based on dynamic grants where it is assumed an SR is triggered upon arrival of a new video packet in the UE buffer. The network provides an initial grant of size 117 kbit as the minimum XR packet sizes used in simulation (See Note 1 below), upon receiving an SR. No knowledge of XR traffic periodicity is assumed. See Figure 2.  
· Note 1: Given the traffic model specified in 38.838 [4], frame rate of 60 fps and data rate of 10 Mbit/s give approximate average packet size of 167 kbit. The minimum and maximum packet size is derived in such a manner that 99% of range of distribution centred around mean is covered, i.e., from mean minus three times standard deviation to mean plus three times standard deviation. This gives minimum packet size 117 kbit and maximum size 217 kbit.

[image: ]
[bookmark: _Ref115458391]Figure 2: Illustration of dynamic scheduling grant (Normal DG) scheme

· Pre-scheduling dynamic grant (Pre-scheduling DG):
· The scheduling is based on dynamic grants where it is assumed that the network is provided with XR traffic periodicity. An initial grant to the UE when its traffic is expected is transmitted (implementation based learning) without using SR. The network provides an initial grant of size 117 kbit as the minimum XR packet sizes used in simulation. See Figure 3.
 

[image: ]
[bookmark: _Ref115460630]Figure 3: Illustration of Pre-scheduling dynamic grant (Pre-scheduling DG) scheme
· Hybrid scheduling based configured and dynamic grant (Hybrid CG-DG):
· The scheduling is based on a combined use of configured and dynamic grants. SR resources are not used. Instead. CG resources are configured with minimum size in every UL slot in order to transmit BSR and small amount of data when new data arrives. Whenever XR packet arrives in a buffer, the UE uses the nearest possible CG occasion for BSR transmission and possibly small amount of data. The network can thus use the BSR to provide dynamic grants for the following data transmission. No knowledge of XR traffic periodicity is assumed. See Figure 4.
[image: ]
[bookmark: _Ref115462082]Figure 4: Illustration of Hybrid scheduling based configured and dynamic grant (Hybrid CG-DG)

· Configured grant (Normal CG):
· The scheduling is based on configured grants where it is assumed that the network uses information on traffic periodicity, size statistics, TDD pattern, PDB, etc., to derive proper configurations for CG size and periodicity. The initial transmissions happen only on CG occasions, and retransmissions can occur on dynamic grant. See 
· We have simulated the performance curves for various CG configuration parameters as following and picked the best configuration for comparison with other schemes. 
· PDB = 30 ms, CG with size / periodicity of (30 kbit / 2.5 ms), (60 kbit / 5 ms), and (90 kbit / 7.5 ms)
· The CG configuration with 5 ms periodicity and 60 kbit occasion size outperforms other CG configurations.
· PDB = 15 ms, CG with size / periodicity of (60 kbit / 2.5 ms) and (100 kbit / 2.5 ms)
· The CG configuration with 2.5 ms periodicity and 60 Kbit occasion size outperforms the other CG configuration.

[image: ]
Figure 5: Illustration of configured grant scheduling (Normal CG) scheme

The capacity performance results are shown in Figure 6 for PDB = 15 ms and PDB = 30 ms. The results show 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.  On the other hand, in smaller PDB case, there can be room for CG improvement. However, in both scenarios, pre-scheduling DG (improved version of DG) and hybrid allocation (combination of CG and DG) seem to be lucrative options, as they can provide better performance than CG or normal DG, which is close to the upper bound. For lower PDB scenario, hybrid allocation seems to slightly outperform pre-scheduling DG. For pre-scheduling DG, the scheduling operation relies on periodicity information (XR awareness information) availability at the network. If no such framework pertinent to XR-awareness information delivery is provided/standardized, other implementation options such as scheduling based on hybrid CG and DG can deliver capacity gains.
The results support our view that the periodic nature of video XR traffic does not motivate the usage of CG based transmission. This characteristic instead motivates usage of dynamic grant pre-scheduling or hybrid allocation schemes that are already used in practice. 
[image: ][image: ]
[bookmark: _Ref110510692]Figure 6. 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 DG, pre-scheduling-based DG, normal CG and hybrid CG-DG for transmission of XR video in UL as percentage of number of satisfied users. Left: PDB = 15ms and Right: PDB = 30ms.
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
	4.45%
	5.02
	144%

	Normal DG
	6.80
	0%
	2.06
	0%

	Pre-scheduling DG
	6.86
	0.9%
	4.85
	121%

	Normal CG
	6.35
	-6.48%
	2.75
	33%

	Hybrid CG-DG
	6.97
	2.56%
	4.97
	142%



Summing up all of above, we think that studying dynamic adaptations for 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: _Toc115468106]Dynamicity of XR traffic with frequent/periodic occasions can be handled by existing specifications and gNB implementation.
[bookmark: _Toc115468107][bookmark: _Toc115468108]Necessity of supporting new features to enable dynamic adaptation of CG transmission is not justified.
Based on our observations we propose:
[bookmark: _Toc115468124]Deprioritize studying the enhancements based on dynamic adaptations for CG based transmissions.
2.2.2	Non-integer periodicity
In the last meeting, there were discussions on exploring possible enhancements for CG periodicity to better match with XR traffic periodicity. The motivation is to avoid increasing delays including the impact due to TDD pattern constraints. 
The standard already supports multiple CG configurations that can be used to handle non-integer periodicites. For example, in case of 16.667 ms period, the period is 50/3 ms and therefore 3 CGs with period 100 slots on 30 kHz SCS could be used. However, CG can be beneficial if it is used as a complement to DG but relying solely on CG to serve XR service is not a preferred solution. Figure 6 shows that good performance is obtained when CG is used to carry BSR and potentially smaller amount of data. 
[bookmark: _Toc115468109]Introduction of new CG periodicities to match the periodicity between XR video traffic and CG configuration seems to be unnecessary
Based on the above discussion, we propose the following:
[bookmark: _Hlk110338571][bookmark: _Toc115468125]Deprioritize studying the enhancements for matching the periodicity of CG resource allocations to XR traffic periodicity.
2.2.3	Multiple PUSCHs per CG period
One of the enhancements for CG discussed in the last meeting is the support of multiple PUSCH per CG 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 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 configurations having same periodicity but different offset, our view is as the following.
To optimize multiple CG 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 disadvantages 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.
· 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.

Therefore, we are not convinced with grouping of CG configurations with joint activation, as signalling and specification complexity is high. Based on the above discussion, we propose the following:

[bookmark: _Toc115468126]Do not pursue enhancements based on joint activation to enable multiple CGs occasions in a period.
Although we are not convinced that CG enhancements are justified or necessary for improving XR traffic capacity performance, from the specification and complexity point of view, an extension of multi-PUSCH allocation framework to single CG seems to be the most reasonable approach, if justified to be needed. 
For an extension of multi-PUSCH allocation framework to single CG, since number of allocated slots are already incorporated in TDRA table and, thus, it can be supported with activation / re-activation DCI for CG. The specification complexity may be low compared to solutions based on grouping of CGs. At the time of activation, multiple HARQ processes can be automatically associated with single CG configuration. Simultaneously, PDCCH monitoring is not increased as there is only one configuration associated with multi-PUSCH allocations. Moreover, any potential enhancements to multi-PUSCH framework for dynamic grants can be inherited.
[bookmark: _Toc115468127]The enhancements based on multi-PUSCH allocation for a single CG 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 was reached during RAN1#109-e.
From RAN1#109-e [2]:
	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 view on the above aspects, also considering the progress made in RAN1#110.
2.3.1	Dynamic Multi-PxSCH scheduling 
As regards to possible enhancements for dynamic multi-PDSCH / multi-PUSCH scheduling (in short, multi-PxSCH scheduling), the following agreement was reached during RAN1#110.
From RAN1#110 Toulouse [3]:
	Agreement:
· RAN1 to make decision on the following in RAN1#110bis-e
· Support single DCI scheduling multi-PDSCHs/PUSCHs which is currently supported for FR2-2 to other SCS in FR1/FR2.



In the following, we take the above into consideration and discuss our view on the necessity and benefit of dynamic multi-PxSCH scheduling enhancements.
As discussed in our RAN1#110 contribution [5], the network may often need to allocate several PxSCHs over different slots to deliver an XR application packet, e.g., a DL/UL video/scene frame. Using normal DG, one DCI (PDCCH) is used to schedule each PxSCH independently. By doing so, the network can promptly adapt its scheduling decisions to the variation of system conditions and traffic characteristics. 
The use of multi-PxSCH scheduling can also be considered an option for XR, with a single PDCCH used to dynamically schedule multiple PxSCHs. As preliminary demonstrated in [5] via simulation results, the use of the existing multi-PxSCH scheduling framework would result in capacity decrease compared to normal DG, due to the lower flexibility in assigning resources across the PxSCHs scheduled by the same PDCCH (e.g., Modulation and Coding Scheme (MCS) and bandwidth). Moreover, the benefit of lower PDCCH overhead compared to normal DG may be limited in XR scenarios. This because only a few PDCCHs are presumably transmitted in the same slot for providing DL/UL grants to a limited number of XR users; hence, reusing PDCCH resources for PDSCH transmissions, when such resources are made free by using multi-PxSCH scheduling, is expected to bring low capacity gains.
[bookmark: _Toc115468110]For serving varying and large-sized XR application packets, single DCI (PDCCH) scheduling multiple PxSCHs can be an alternative to single DCI (PDCCH) scheduling single PxSCH.
[bookmark: _Toc115468111]Single DCI (PDCCH) scheduling multiple PxSCHs lacks the flexibility of single DCI (PDCCH) scheduling single PxSCH. 
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. We observe that enabling multi-PDSCH in FR1 and for lower SCS (30 kHz) may be beneficial for XR, as also being discussed in the Rel-17 UE Features agenda item [7], considering that XR services are expected to be supported in this frequency range. Hence, we propose:
[bookmark: _Toc115468128]RAN1 to support the extension of operation of dynamic multi-PDSCH scheduling to FR1 and lower SCS (e.g., 30 kHz).
As regards to specific enhancements, we believe that the simulation results provided in [5] highlight that such enhancements should focus on increasing the flexibility in resource allocation of the existing multi-PxSCH scheduling framework. Indeed, enabling a more flexible allocation of MCS and bandwidth across the PxSCHs scheduled by the same PDCCH fits well with XR traffic and leads to performance similar to normal DG. The gains over standard multi-PxSCH scheduling depend on how efficiently such flexibility is included in the existing framework (e.g., in terms of additional control signalling), an aspect to address in the next SI/WI phases.
[bookmark: _Toc115468129]Consider study of enhancements for dynamic multi-PxSCH scheduling to enable a flexible allocation of MCS and frequency for the PxSCHs scheduled by the same DCI (PDCCH) with reduced control signalling overhead.
2.3.2	Scheduling Request and Buffer Status Report enhancements
As regards to possible enhancements for SR and BSR, the following agreement was reached during RAN1#110.
From RAN1#110 Toulouse [3]:
	Agreement:
· Whether/how to enhance BSR to improve capacity performance of XR traffic is within RAN2 scope and is not handled by RAN1.
· Note that companies should indicate if and what BSR enhancement is assumed in their RAN1 proposals on CG and DG enhancements.
· RAN1 can evaluate BSR enhancement to improve capacity performance.



In the following, we take the above into consideration and discuss our view on the necessity and benefit of SR and/or BSR enhancements.
Assuming that application awareness provides traffic properties to RAN, the gNB can predict traffic arrival and packet size at certain accuracy and can proactively provide grants of appropriate size to UE (see our discussion on pre-scheduling based dynamic grant in Section 2.2). Therefore, by using proper scheduling, the impact of SR on the performance would be minor, in particular for serving XR traffic due to its characteristics. Similar observations can be derived by assuming to use Hybrid CG-DG (see again discussion on the scheduling schemes in Section 2.2). Also in this case, the need for SRs is effectively minimized, since the availability of a CG in the next UL slot would enable to directly send an updated BSR to the network, thus skipping the SR.      
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 unclear if any enhancement is needed. Such goals can be achieved by means of the current specifications via proper association of logical channels and SR configurations. 
Based on above we can conclude that SR enhancements are not needed at physical layer.
[bookmark: _Toc115468130][bookmark: _Toc111135579][bookmark: _Toc111135675]Deprioritize studying SR enhancements at physical layer to improve capacity performance of XR traffic.
Regarding potential enhancements for BSR, we have previously shown the benefits of the enhancements that can contribute to more efficient scheduling of UL XR traffic to improve capacity [8][9]. However, the needed BSR enhancements are within RAN2 expertise as we discussed in [8][9].
[bookmark: _Toc111132962][bookmark: _Toc111133045][bookmark: _Toc111135106][bookmark: _Toc111135273][bookmark: _Toc111135388][bookmark: _Toc111135438][bookmark: _Toc111135515][bookmark: _Toc111135563][bookmark: _Toc111135659][bookmark: _Toc115468112]Finer BSR granularity improves the capacity performance for XR traffic, and it is within the RAN2 scope.
[bookmark: _Toc102152245][bookmark: _Toc115468113]Including additional delay information in BSR can increase system capacity.
Therefore, to properly utilizing the time in RAN1 and RAN2, we propose the following:
[bookmark: _Toc115468131]The BSR enhancements to improve capacity performance of XR traffic are not handled by RAN1.
2.4	Other Enhancements
As regards to other enhancements, the following agreement was reached during RAN1#110.
From RAN1#110 Toulouse [3]:
	Agreement:
· Deprioritize the study of CQI report for different BLER and/or different XR traffic to improve XR capacity performance.

Agreement:
· Deprioritize the study of intra/inter UE prioritization/multiplexing enhancements to improve XR capacity performance.




In the following, we discuss our view regarding other enhancements techniques, focusing on link adaptation and measurement gaps enhancements.
2.4.1	Link Adaptation Enhancements 
As regards to Link Adaptation (LA) enhancements, the following agreements were reached during RAN1#109-e and RAN1#110.
From RAN1#109-e [2]:
	Agreement:
The following lists the candidate enhancements techniques for link adaptation to improve XR capacity that are proposed by companies: 
· At least the proponents 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.



From RAN1#110 [3]: 
Agreement
Deprioritize the study of CQI report for different BLER and/or different XR traffic to improve XR capacity performance.



In the following, we provide our observations and proposals on the above aspects.
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: _Toc115468132]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.

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 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: _Toc115468133]Deprioritize further study of Delta MCS and Soft HARQ feedback.
In our previous contribution [5] we observed that 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. Below we demonstrate by simulation results that DMRS-based CSI enables gNB to perform a better LA in re-transmissions.
Methods for re-transmission LA:
When gNB performs LA for a re-transmission, the TBS cannot be changed, but time- and/or frequency-domain allocation and modulation can be adopted. In our simulations, as a baseline we assume re-transmission LA to be without time-domain adaption, i.e., slot-based transmission, while frequency-domain allocation and a modulation are selected by gNB such that predicted BLEP (Block-Error Probability) is lower than a target BLEP. This is similar to LA for initial transmission, where the only difference is that the TBS is not fixed for the initial transmission. Since LA has no knowledge about the reception quality for previous PDSCH transmissions, other than that they failed or not, for baseline schemes LA assumes that only the upcoming PDSCH will contribute to a potential correct decoding. 
When DMRS-based CSI (we denote it as DMRS-CQI) is available, the LA has knowledge of the reception quality of previous PDSCH transmissions which enables LA to estimate how each transmission contribute to the total decoding result. The DMRS-CQI reports can also be used as a better prediction of the quality that can be expected for the upcoming PDSCH transmission. Here, we can make a simple assumption that the SINR for the upcoming PDSCH transmission is either the mean SINR deduced from the DMRS-CQI values or the SINR deduced from the last legacy CSI report depending on which of them is smallest. We emphasize here that LA for initial transmission is performed in the same way as for baseline LA although a DMRS-CQI report may be a better prediction of the SINR for an initial PDSCH than a legacy CSI report. In simulations, the DMRS-CQI value reported is with respect to same CQI table used for legacy CSI reporting.
We compare the DMRS-CQI scheme with two baseline schemes: 
· TB-based transmission (denoted as “TB-tx”)
· CBG-based transmission (denoted as “CBG-tx”), where CBG (Codeblock group) HARQ-ACK is enabled, and UE is configured with 8 CBGs. 

Relation between CBG and TB error probability:
For CBG-based transmission scheme, CBGs for which a HARQ NACK was received are only re-transmitted. In simulations, we assume all CB (Code blocks) to have same error probability. That is, we assume that NR’s interleaved VRB-to-PRB mapping can perfectly average out the SINR for all CBs. With this assumption, it can be further assumed that the number of CBG errors to be binomially distributed with parameters ), where  is the CBG error probability and  is the number of CBGs. The TB error probability  then equals . Furthermore, if LA would like to target a defined CBG error rate, it can choose a suitable TB error target. Since we can assume the number of in-correct CBGs to be a binomially distributed random variable with parameters ), then the probability that at most  of the CBGs are erroneous equals: 
.
If LA targets at most 25% of CBGs to be in error, then  will fulfil this target with a 99.9% probability when . In terms of TB error probability this corresponds to 22% error probability. In simulations, LA will however only use BLER target in terms of TB error probability. 

Simulation results with different TB BLER target:
Figure 7 and Figure 8 shows simulation results in Indoor Hotspot (InH) and Urban macro (Uma) scenario, respectively, with the different LA schemes: TB-based (“TB-tx”), CBG-based with CBG HARQ-ACK (“CBG-tx”) and TB-based with DMRS-CQI reporting (“TB-tx, DMRS-CQI”) for different BLER target settings. All schemes simulated with outer loop (OL) or without outer loop (no OL). “noOL” means that 10% TB target BLER for inner-loop LA and disabled outer-loop, “OL 10%” means 10% TB target BLER for inner- and outer-loop and “OL 22%” means 22% TB target BLER for inner- and outer-loop. Detailed simulation parameters are collected in Table 1 (UMa) and Table 2 (InH) in the Appendix. For UMa scenario, reciprocity-based precoding is used while codebook-based pre-coding is used for InH. For both scenarios, proportional-fair scheduling is used. 

[image: ] [image: ]
[bookmark: _Ref115087583]Figure 7: Indoor Hotspot (InH) DL capacity evaluation for LA schemes for AR/VR (left figure) and CG (right figure). 
[image: ][image: ]
[bookmark: _Ref115094416]Figure 8: Urban macro (UMa) DL capacity evaluation for LA schemes for AR/VR (left figure) and CG (right figure). 

Small gain with CBG-based re-transmission compared to TB-based, but significant gain with DMRS-based CQI:
Based on the simulation results in Figure 7 and Figure 8  we can make the following observations. 
[bookmark: _Toc115468114]For the InH and UMa scenarios, CBG-based re-transmissions yield only a small capacity improvement compared to TB-based re-transmissions. 
[bookmark: _Toc115468115]Downlink XR capacity depends heavily on the target BLER in link adaptation. For the InH and UMa scenarios, significantly higher capacity is possible than achievable using an OL with 10% target BLER. 
[bookmark: _Toc115468116]For comparable BLER targets in link adaption, DMRS-based CQI give a significant downlink XR capacity improvement compared to a baseline TB- or CBG-based scheme in the InH and UMa scenarios.
[bookmark: _Toc115468117]For CBG-based re-transmission with 8 CBGs, the reporting overhead increase is 7 bits per PDSCH compared to TB-based re-transmission while for DMRS-based CQI the reporting overhead increase is 4 bits per PDSCH. 
The reason why CBG-based re-transmissions only give a small capacity improvement compared to TB-based is due to that error curves versus SINR are “knee-like”. Only a small change in SINR can change BLEP from close to 1 to 1e-5. This further has the consequence that for almost all transmissions either all CBGs are successfully decoded or none of the CBGs could be correctly decoded. In fact, for less than 3% for InH (6% for Uma) of the transmissions, the number of in-correctly decoded CBGs is different from 0 and . This means that the occasions where CBG-based re-transmission can reduce the resource consumption compared to TB-based re-transmission are rather rare for the InH and UMa scenarios. 
Higher CBG BLER target does not help CBG-based scheme, but even bigger gain with DMRS-based CQI for 15 ms PDB;
It may be argued that a 3% CBG error probability target is too low for CBG-based re-transmissions to benefit from not having to re-transmit correct CBG. With , the expected value for the binomially distributed random variable with parameters  equals  if . If instead , then the expected number of in-correct CBGs equals 25% of the number of CBGs, which maybe could be a better target. With  and  the TB error probability equals , For InH scenario we have simulated the cases TB-based (“TB-tx”), CBG-based with CBG HARQ-ACK (“CBG-tx”) and TB-based with DMRS-CQI reporting (“TB-tx, DMRS-CQI”) where both inner- and outer-loop LA target 90% TB error probability. Since the case “OL 10%” yield worst performance in Figure 7, we re-placed it in Figure 9 with “OL 90%” where both inner- and outer-loop LA target 90% TB error probability. 
[image: ][image: ]
[bookmark: _Ref115257258]Figure 9: Indoor Hotspot (InH) DL capacity evaluation for LA schemes for AR/VR (left figure) and CG (right figure), where the LA scheme “OL 10%” is replaced with “OL 90%”. 

Only a few UEs reach the target BLER for InH scenario
It should be emphasized that for the “OL 90%” LA schemes, although OL attempts to push MCS selection towards 90% BLER, only a small fraction of the UEs reach such high BLER. In fact, only 10% of the UEs come close to 90% and only for the highest load points. At 10 UEs/cell, the BLER for the average UE is below ~50%. This is shown in Figure 10 below. 

[image: ]
[bookmark: _Ref115352621]Figure 10: Transport block HARQ BLER for 10%-tile (solid), mean (dashed) and 90%-tile (dot-dashed) for Indoor Hotspot scenario.   

Based on the simulation results in Figure 9 and Figure 10 we can make the following observations: 
[bookmark: _Toc115468118]For the InH scenario, CBG-based re-transmissions only yield a small capacity improvement compared to TB-based re-transmissions also for 90% TB BLER target. 
[bookmark: _Toc115468119]90% TB BLER target only reached by a few UEs at highest load points for InH scenario.  
[bookmark: _Toc115468120]For 15 ms PDB, the capacity obtained with DMRS-based CQI can be further improved using 90% TB error probability target. 
Based on our simulation results and observations we propose: 
[bookmark: _Toc115468134]Deprioritize further study of CSI enhancements specific to CBG-based (re-)transmission.
[bookmark: _Toc115468135]R18 supports DMRS-based CSI reporting. 
[bookmark: _Hlk106370506]2.4.2	Measurement Gaps Enhancements 
As regards to Measurement Gaps (MG) enhancements, the following agreements were reached during RAN1#109-e
From RAN1#109-e [2]:
	Agreement:
The following lists the candidate enhancements techniques based on measurement-gap link to improve XR capacity that are proposed by companies: 
· At least the proponents 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.



In the last meeting several companies brought up an issue of scheduling restrictions during measurement gaps which may negatively impact XR capacity. In this section we provide our view to this issue.
First, we would like to pay attention to the fact that the measurement procedures to be done by UE are defined in 38.133 which is handled by RAN4. So, any possible change or potential enhancement of RAN4 specification should be coordinated with RAN4 group.
Secondly, the measurement gap is not necessary to be configured and its usage strongly depends on scenario. For example, if UE is supposed to measure only NR cells in FR1 with central frequency aligned with serving cell and having same SCS and BWP, UE can do measurements without gaps. This is the case if we refer to system simulation parameters for FR1 defined in 38.838 in Annex A.1 and A.4 - measurement gaps are not required in that scenario. Having said that, RAN1 should agree on whether MG are needed or not for most probable use cases. If MG are needed, enhancements may have to be discussed in RAN2 and RAN4 as well.

[bookmark: _Toc115468136]To study potential improvements in XR capacity based on measurement gaps, the scenarios where a measurement gap is needed should be considered for the study and RAN2 and RAN4 involvements in the study should be accommodated.
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/UL video 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 video XR traffic.
Observation 3	Dynamicity of XR traffic with frequent/periodic occasions can be handled by existing specifications and gNB implementation.
Observation 4	Necessity of supporting new features to enable dynamic adaptation of CG transmission is not justified.
Observation 5	Introduction of new CG periodicities to match the periodicity between XR video traffic and CG configuration seems to be unnecessary
Observation 6	For serving varying and large-sized XR application packets, single DCI (PDCCH) scheduling multiple PxSCHs can be an alternative to single DCI (PDCCH) scheduling single PxSCH.
Observation 7	Single DCI (PDCCH) scheduling multiple PxSCHs lacks the flexibility of single DCI (PDCCH) scheduling single PxSCH.
Observation 8	Finer BSR granularity improves the capacity performance for XR traffic, and it is within the RAN2 scope.
Observation 9	Including additional delay information in BSR can increase system capacity.
Observation 10	For the InH and UMa scenarios, CBG-based re-transmissions yield only a small capacity improvement compared to TB-based re-transmissions.
Observation 11	Downlink XR capacity depends heavily on the target BLER in link adaptation. For the InH and UMa scenarios, significantly higher capacity is possible than achievable using an OL with 10% target BLER.
Observation 12	For comparable BLER targets in link adaption, DMRS-based CQI give a significant downlink XR capacity improvement compared to a baseline TB- or CBG-based scheme in the InH and UMa scenarios.
Observation 13	For CBG-based re-transmission with 8 CBGs, the reporting overhead increase is 7 bits per PDSCH compared to TB-based re-transmission while for DMRS-based CQI the reporting overhead increase is 4 bits per PDSCH.
Observation 14	For the InH scenario, CBG-based re-transmissions only yield a small capacity improvement compared to TB-based re-transmissions also for 90% TB BLER target.
Observation 15	90% TB BLER target only reached by a few UEs at highest load points for InH scenario.
Observation 16	For 15 ms PDB, the capacity obtained with DMRS-based CQI can be further improved using 90% TB error probability target.
Based on the discussion in the previous sections we propose the following:
Proposal 1	To assess the necessity and benefit of the candidate enhancement techniques for improving capacity of XR video traffic, prioritize DG-based enhancement techniques.
Proposal 2	To assess the necessity and benefit of the candidate CG enhancement techniques for improving capacity of XR video traffic, the CG-based transmissions for XR video traffic should be compared against DG-based transmissions for XR video traffic.
Proposal 3	The necessity and benefit of the candidate enhancement techniques of DG and CG 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 CG based transmissions.
Proposal 5	Deprioritize studying the enhancements for matching the periodicity of CG resource allocations to XR traffic periodicity.
Proposal 6	Do not pursue enhancements based on joint activation to enable multiple CGs occasions in a period.
Proposal 7	The enhancements based on multi-PUSCH allocation for a single CG can be considered to study if the corresponding capacity performance gains are provided and the specification effort is low.
Proposal 8	RAN1 to support the extension of operation of dynamic multi-PDSCH scheduling to FR1 and lower SCS (e.g., 30 kHz).
Proposal 9	Consider study of enhancements for dynamic multi-PxSCH scheduling to enable a flexible allocation of MCS and frequency for the PxSCHs scheduled by the same DCI (PDCCH) with reduced control signalling overhead.
Proposal 10	Deprioritize studying SR enhancements at physical layer to improve capacity performance of XR traffic.
Proposal 11	The BSR enhancements to improve capacity performance of XR traffic are not handled by RAN1.
Proposal 12	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 13	Deprioritize further study of Delta MCS and Soft HARQ feedback.
Proposal 14	Deprioritize further study of CSI enhancements specific to CBG-based (re-)transmission.
Proposal 15	R18 supports DMRS-based CSI reporting.
Proposal 16	To study potential improvements in XR capacity based on measurement gaps, the  scenarios where a measurement gap is an issue should be considered for the study and RAN2 and RAN4 WGs should be involved in the study.
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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 LA enhancements results) 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

	CSI reporting
	LA enhancements: periodic 2.5 ms, Rank restriction:  

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






[bookmark: _Ref115090541]Table 2: System simulation parameters for Indoor Hotspot
	Parameter
	Deployment scenarios

	
	Indoor Hotspot 
(38.913 w/ following parameters)

	Layout
	120m x 50m
ISD: 20m
TRP numbers: 12

	Channel model
	InH(38.901)

	UE Distribution
	100% indoor

	Carrier frequency
	4 GHz

	Subcarrier spacing
	30 kHz

	BS height
	3m

	UE height
	1.5 m

	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/hr

	MCS
	Up to 256QAM

	BS Antenna Pattern
	Ceiling-mount antenna radiation pattern, 5 dBi

	BS Antenna Configuration 
	32 TxRU, (M, N, P, Mg, Ng; Mp, Np) = (4,4,2,1,1;4,4)
(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 
	 90° (pointing to the ground)

	BS Transmit Power
	24 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 

	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

	CSI reporting
	Periodic: 2.5 ms, Rank restriction: 

	Transmission scheme
	Codebook-based 
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