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1	Introduction
This document provides a summary of the contributions submitted to RAN1#111 under Agenda item 9.10.2 regarding the study of candidate enhancement techniques for XR capacity improvements, together with an overview and high level key questions to facilitate the discussions. Moreover, the Text proposals for TR 38.835 focusing on capacity enhancement techniques are considered in this document for review. 
Moderator presents the views on the candidate capacity enhancements techniques, based on the “common principle for assessment” that was agreed during the last meeting.
	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
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:
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.
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 sections, high level summary of companies’ preferences with respect to different enhancement areas are provided. The aim of the discussion is to assess the candidate enhancement techniques and provide valuable inputs for the technical report.
When feasible, few key questions are raised according to the agreed “assessment principle” that is summarized below.
Summary of assessment principle:
· Q1: What are XR-specific issue(s) addressed by the enhancements? 
· Q2: Whether the enhancement is necessary to address the issues(s)?
· Q3: Whether/how the enhancements benefit/performance capacity gain are provided?
· Note that capacity performance gain is necessary condition for supporting the enhancements

This document is a revised version of R1-2212607.
2	CG enhancements
The following agreement was made during the last meeting, that basically prioritizes two categories of enhancements among the proposed CG enhancements for further study. 
	Agreement
To study whether/how the enhanced CG candidate techniques are necessary and beneficial for improving XR capacity, focus at least on the following techniques:
· Dynamic indication of the unused CG PUSCH occasion(s) or resource(s) by the UE
· Increase CG PUSCH transmission occasions in a duration 



Therefore, Moderator prioritizes the discussion on the need for CG enhancements with the focus on the enhancement areas listed above.
Table A below lists short descriptions, and the proposals and observations in the contributions submitted in this meeting. For more detailed descriptions and discussions please refer to the corresponding companies’ contributions. 
Status of inputs in the contributions:
Agreement
To study whether/how the enhanced CG candidate techniques are necessary and beneficial for improving XR capacity, focus at least on the following techniques:
· Dynamic indication of the unused CG PUSCH occasion(s) or resource(s) by the UE
· Yes (14): Vivo, OPPO, Nokia/NSB, CMCC, Sony, Lenovo, Apple, IDC, ZTE, QC, MTK, KT Corp., Google, LG, Huawei/HiSilicon
· No (6): FW, Ericsson, Panasonic, Samsung, DCM, Intel

· Increase CG PUSCH transmission occasions in a duration 
· Yes (9): Vivo, OPPO, CMCC, ZTE, DCM, MTK, KT Corp., LG, Intel, Nokia/NSB, Huawei/HiSilicon
· No (5): FW, Ericsson, Panasonic, Samsung, [Nokia/NSB]

Summary of Moderator’s observations:
Motivations:
The reasons in support or lack of support of CG enhancements to improve XR capacity, are summarized below:
Reasons to support eCG: 
· Concerns no to meet PBD due to delay regarding SR/BSR/UL grant
· CG based approach is more efficient than CG+DG due to queuing delay
· UE-self-scheduling avoid the interferences, choose appropriate link adaptation parameters, and enable variable packet sizes, etc
· Enhancements enables needed adaptations
· …
Reasons not to support eCG:
· Latency incurred by DG, not an issue for XR in deployments that provide sufficient resources to satisfy the target UL data rates/PDB for XR. CG+DG implementation preferred alternative
· Restrictions for gNB scheduling due to relying on UE
· UE to be self-scheduled rather than by gNB with better knowledge on overall operation. 
· Delay until the indication by UE can be effectively applied in resource allocation by gNB
· ….

Evaluations:
With respect to the need for CG enhancements, these companies have provided simulation results:
· HW/HiSilicon, Ericsson, vivo, Sony, IDC, ZTE, Intel

All companies observe that for large PDB, (e)CG/DG schemes provide comparable performance. For smaller PDB, DG performance based on SR, can be worse than legacy CG and can be improved. With respect to the need for new design for improvement, companies have used different approaches:
· On justifying the need for eCG based on evaluations:
· Ericsson compares the performance with DG based pre-scheduling, hybrid CG+DG and DG with genie BSR and shows that these schemes provide comparable performance and hence, concludes the need for CG enhancement is not justified.
· Other companies compare the performance of the following cases and justify the need for eCG:
· HW/HiSi shows the gap in performance of DG pre-scheduling and DG with SR and legacy CG, and considers assumption of large grant based on XR statistics is not realistic, hence eCG is needed to combat the delay from DG with SR (eCG based resource recycling)
· vivo compares eCG with DG based SR (with different scheduling delay) and legacy CG, as well as hybrid CG+DG (Case 4). vivo shows that for small PDB, eCG outperforms hybrid CG+DG, and hence motivates the need for eCG.
· ZTE also compares the eCG performance with CG+DG (as well as DG with SR), however it is not clear why the performance of hybrid CG+DG is comparable to the performance of DG based SR. The assumption on adjustment delay is not clear.
· IDC and Sony compare eCG with DG based SR and legacy CG, and hence motivates the need for eCG.
· Other aspects for eCG evaluations:
· Vivo and Sony compare different eCG schemes:
· Vivo compares resource recycling based on MAC-CE and UCI and shows that eCG based on UCI performs better than eCG based MAC-CE. Resource adjustment delay is assumed.
· Sony compares eCG based resource adaptation (eCG1 with UE-based scheduling) with eCG based resource recycling (eCG2) and shows that eCG based on resource adaptation better than eCG based on recourse recycling. The assumption on adjustment delay is not clear.
· ZTE evaluations with BSR errors:
· ZTE evaluates impact of BSR error for DG baseline and CG+DG and compares with eCG without any BSR error. However, it is not clear why BSR error is not considered for eCG.

Enhancement techniques:
With respect to the first enhancement, i.e., “Dynamic indication of the unused CG PUSCH occasion(s) or resource(s) by the UE”:
Moderator observes that the proposals also cover the enhancements under Proposal 2-2-4 (copied below). 

	From FL summary in RAN1#110b-e (R1-2210413)
· Proposal 2-2-1: Dynamic indication of the unused CG PUSCH occasions by the UE to improve XR capacity performance is beneficial.
· Proposal 2-2-2: Dynamic indication to the UE to adjust CG parameters (e.g. MCS, number of symbols, number of PRBs, number of layers) to improve XR capacity performance is beneficial.
· Proposal 2-2-3: Dynamic indication to the UE to modify PUSCH occasions (increase/decrease and/or advance/delay) to improve XR capacity performance is beneficial.
· Proposal 2-2-4: Dynamic indication from the UE for adjusted CG parameters (e.g. MCS, number of symbols, number of PRBs, number of layers) to improve XR capacity performance is beneficial.




The reason seems to be the formulation of the agreement above that includes “resource(s)”. The related procedures for enhancements under P2-2-1 and P2-2-4 are different, as well as the underlying motivations to support or not. Hence, Moderator suggests distinguishing these two tracks and not bundle them together for the discussions at this meeting. Considering companies’ preferences, Moderator’s understanding is as the following:
· Dynamic indication of the unused CG PUSCH occasion(s) by the UE 
· Vivo, OPPO, Nokia/NSB, CMCC, Sony , Lenovo, Apple, IDC, ZTE, QC, MTK, KT Corp., Google, LG

· Dynamic indication of the unused CG PUSCH resource(s) by the UE
· OPPO, Sony, CMCC, Apple, ZTE, QC, KT Corp.

Another observation is that all companies consider UCI (based on CG-UCI or new UCI) for dynamic indication. It seems there is a strong interest among proponents to have more focused scope and consider UCI based approach for dynamic indication.

With respect to the second enhancement, i.e., “Increase CG PUSCH transmission occasions in a duration”, Moderator observes the following:
Increase CG PUSCH transmission occasions in a duration 
· Alt-1: Single CG configuration with multiple PUSCH occasions per CG period.
· Vivo, OPPO, CMCC, ZTE, DCM, MTK, KT Corp., LG, Intel, Nokia/NSB
· Alt-2: Single DCI based activation of multiple CG configurations.
· ZTE, KT Corp., LG, Intel

It seems all companies consider Alt-1. Few companies (ZTE, KT. Corp, LG, Intel) indicated interest to keep both Alt-1 and Alt-2. However, it seems there is a strong interest among proponents to focus Alt-1.


Table A: Summary of Contributions inputs for Section 2
	Company
	Contributions inputs

	FW
	Pose/control traffic can utilize a CG configuration suitable for fixed packet size, relative low data rate, fixed packet arrival time, and relatively short PDB. For uplink video, PDB is relatively large, and DG should be used. There is no clear motivation and issue here to enhance CG transmissions.
During the discussions in last RAN1 meeting, questions and concerns have been raised by companies on these proposals. Those need to be addressed and performance benefits need to be shown compared to proper baseline scheme (CG + DG implementation approach) with agreed simulation assumptions. 
Overall, we are not convinced that enhancement to CG will improve the XR uplink capacity and have the following proposal. 
Proposal 1: no further study of enhancement of CG transmission for XR capacity improvement.

	HW/HiSi

	[image: ]
Figure 1. UL scheduling comparison (CG vs DG)
Table 1. Pros and Cons of DG and CG
	Scheduling scheme
	Pros
	Cons

	Case1: Legacy DG (first SR, then BSR with small grant, then UL data)
	Not require prior information of XR traffic
	Large delay due to SR/BSR report, thus causing capacity loss

	Case2: Legacy DG (first SR, then BSR with large grant, then remaining UL data)
	No delay due to BSR report
	Medium delay due to SR report, thus causing capacity loss especially when UL PDB is small

	Case3: Pre-scheduling DG (No SR, first BSR with large grant, then remaining UL data)
	No delay due to SR/BSR report
	Too ideal assumptions, may not be feasible in every real deployment.
E.g., it’s possible that gNB may not know accurate XR frame arrival/size information, UE may not be available to receive DCI in every slot (e.g., due to C-DRX, search space set, PDCCH skipping, etc.), etc.

	Case4: Configured Grant (CG)
	No delay due to SR/BSR report
	Need to handle variable frame size issue



We simulated the above cases. 
· Case 1 (C1: Legacy DG (first SR, then BSR with small grant, then UL data)): We assume that SR can be sent every U slot if SR is triggered upon arrival of a new TB in the UE buffer. A small grant (the gNB allocates resources according to 400bits) can be allocated to the UE to transmit BSR and a small amount of UL data. In this case, the minimum delay introduced by SR/BSR procedure is 5ms. If scheduling delay is further considered, the transmission delay will further increase.
· Case 2 (C2: Legacy DG (first SR, then BSR with large grant, then remaining UL data)): Similar with Case1, SR is also assumed to be sent every U slot if SR is triggered. A big grant (the gNB allocates resources according to half of the mean frame size: 83333 bits) can be allocated to the UE to transmit BSR and some UL data. In this case, the minimum delay introduced by SR procedure is 2.5ms. If scheduling delay is further considered, the transmission delay will further increase.
· Case 3 (C3: Pre-scheduling DG (No SR, first BSR with large grant, then remaining UL data): We assume that BSR can be sent every U slot. XR periodicity, arrivals and frame size related information is known by the gNB. A big grant (according to half of the mean frame size: 83333 bits) can be allocated to the UE to transmit BSR and some UL data. In this case, the delay caused by SR/BSR procedure has been reduced. 
· Case 4 (C4: Configured Grant (CG): We assume periodicity of CG resource is matched to XR traffic arrival. 
[image: ]
Figure 2. Capacity performance comparison between DG and CG
Observation 2: Configured grant transmission can support more UEs compared with dynamic grant that requires SR/BSR report by reducing the transmission delay.
Observation 3: Pre-scheduling DG, which provides the upper bound of UL capacity in theory, has too ideal assumptions (e.g. gNB knows XR frame arrival/size information and UE are available to receive DCI in every slot), which may not be feasible in every real deployment. RAN1 needs to do comprehensive study which also considers more realistic assumptions.
CG enhancement to handle variable frame size
As for Hybrid CG + DG, even though it can save the delay due to SR/BSR procedure, additional dynamic scheduling is needed. Different from the configured resources, UE needs to wait dynamic indication from the gNB. This queueing delay is very common in real application and will increase with the number of UEs in the network, which will decrease XR capacity. When multiple CG PUSCH transmission occasions in a duration is considered, less queueing delay is cost.
Observation 4: The size of XR frames/slices varies in a wide range which does not suite scheduling based on a fixed radio resource size.
[image: ]
Figure 3. Variable XR frame size and semi-statically configured CG resource
Observation 5: CG resource is semi-statically configured and cannot adapt to the varying size of XR frames,
· If the size of CG resource is larger than the actual frame size, radio resources may be wasted;
· If the size of CG resource is not large enough to transmit the current frame, additional dynamic scheduling is needed, resulting in extra delay and reduced capacity.
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Figure 4. Illustration of indicating to gNB the unused PUSCH occasions within one CG period
Proposal 1: Support configuring multiple PUSCH occasions in a CG period, and support dynamically indicating to the gNB the unused PUSCH occasions within a CG period.

2.2.1 Evaluation results for CG enhancement
In this part, we provide the evaluation results for multiple CG PUSCH transmission occasions in a duration with and without dynamic indication of the unused resource. The following cases are considered:
· Case 1 (C1): Legacy DG (first SR, then BSR with small grant, then UL data)
· Case 2 (C2): Legacy DG (first SR, then BSR with large grant, then remaining UL data)
· Case 3 (C3): Pre-scheduling DG (No SR, first BSR with large grant, then remaining UL data)
· Case 4 (C4): Hybrid CG + DG: Only one PUSCH occasion is configured within a CG period. 
· Case 5 (C5): Multiple PUSCH occasions in a CG period: Different UEs are randomly configured with 1~4 PUSCH occasions within a CG period.
· Case 6 (C6): Multiple PUSCH occasions in a CG period and UE dynamically indicates to gNB the unused PUSCH occasions within a CG period): On top of Case 5, UE dynamically indicates to gNB the unused PUSCH occasions within a CG period so that gNB can re-allocate such resources to other UEs.
In Case 4~6, we assume periodicity of CG resource is matched to XR traffic arrival, and the CG PUSCH can both report BSR and transmit UL data.
In the above simulated cases, scheduling delay is assumed to be 5 slots, i.e., gNB needs 5 slots between SR/BSR reception and sending dynamic grant DCI. Note that in the simulations of Section 2.1, the scheduling delay is 2 slots, which is smaller. We simulate larger scheduling delay here mainly to model real deployment scenario, i.e., scheduling delay models gNB processing delay and possible UE queueing delay in real deployment since typically there are multiple UEs in a cell. We simulate 15ms PDB here. Other simulation assumptions are listed in Appendix A.
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[bookmark: _Ref119051967]Figure 5. Capacity performance comparison between DG, CG, and CG enh.
The simulation results are in Figure 5. For the C1, the network can support less than 1 user with PDB=15ms since SR/BSR procedure introduces intolerable delay. The capacity of C2 is improved by addressing the delay introduced by BSR. However, UEs still need to wait for resource grants before the gNB receives SR. 
Comparing with C1 and C2, UE satisfaction ratio of C4 increases since CG can reduce the SR/BSR delay. When configuring multiple PUSCH occasions in a CG period, C5 can support 1.4 UEs per cell since scheduling delay would be further decreased. Compared with C5, C6 further increases capacity from 1.4 to 1.7 UEs per cell by dynamically indicating to the gNB the unused PUSCH occasions within a CG period. 
[bookmark: _Ref119057156]Observation 6: As shown in Table 2, the network capacity of the UL AR video stream can be improved by configuring multiple PUSCH occasions in a CG period, and dynamically indicating to the gNB the unused PUSCH occasions within a CG period.
[bookmark: _Ref119056125]Table 2. Capacity of the UL AR video stream with 10Mbps in FR1 Dense Urban (PDB 15ms)
	Scheduling scheme
	Capacity
(#UEs/cell)

	C1: Legacy DG (first SR, then BSR with small grant, then UL data)
	0

	C2: Legacy DG (first SR, then BSR with large grant, then remaining UL data)
	0

	C3: Pre-scheduling DG (No SR, first BSR with large grant, then remaining UL data)
	>3

	C4: Hybrid CG + DG
	0

	C5: Multiple PUSCH occasions in a CG period
	1.4

	C6: Multiple PUSCH occasions in a CG period, UE dynamically indicates to gNB the unused PUSCH occasions within a CG period
	1.7




	Ericsson
	1. [bookmark: _Toc118724057]Dynamic Scheduling and Granting (DG) is a suitable transmission scheme to deal with varying and large-sized application packets and possible jitter for DL/UL video XR traffic.
1. [bookmark: _Toc118724058]Configured Grant (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.
· Case 1: Dynamic grant with SR followed by a small initial UL grant:
· 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 a small initial grant of size 288 bits, upon receiving the SR. No knowledge of XR traffic is assumed.
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[bookmark: _Ref118462207]Figure 1: Illustration of dynamic scheduling grant scheme with SR followed by initial small UL grant (Case 1)
· Case 2: Dynamic grant with SR followed by a larger initial UL grant:
· 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 size 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 are derived in such a manner that 99% of range of the gaussian distribution centred around the 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][bookmark: _Ref118453873]Figure 2: Illustration of dynamic scheduling grant scheme with SR followed by initial larger UL grant (Case 2)

· Case 3: 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 size used in simulation.
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[bookmark: _Ref115460630][bookmark: _Ref118453906]Figure 3: Illustration of Pre-scheduling dynamic grant scheme (Case 3)
· Case 4: Configured grant:
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 grants.
We have simulated the performance curves for the following CG configuration parameters, 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.
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[bookmark: _Ref118453927]Figure 4: Illustration of configured grant scheduling scheme (Case 4)
· Case 5: 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 a 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. 
[image: ]
[bookmark: _Ref118460215]Figure 5: Illustration of Hybrid scheduling based configured and dynamic grant (Hybrid CG-DG) (Case 5)
· Case 6: Dynamic scheduling with genie BSR (DG with genie BSR):
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. Hence, in this case, no SR or BSR delay is assumed. This case is simulated to show the upper bound on capacity performance.
[image: ]
[bookmark: _Ref118458263]Figure 6: Illustration of dynamic scheduling without SR and with genie BSR at gNB (Case 6)
[image: ][image: ]
[bookmark: _Ref118460844]Figure 7: Fraction of satisfied users, using the XR capacity KPI with target of 99% packet success rate, for dynamic scheduling with or without SR and for different assumptions on the initial grant size, pre-scheduling-based DG, legacy CG, and hybrid CG-DG for transmission of XR video in UL as percentage of number of satisfied users for PDB = 15ms Bottom PDB = 30ms.
[bookmark: _Ref111187906]Table 1 Summary of simulation results for DG and CG scenarios
	
Scenario
	PDB = 30 ms
	PDB = 15 ms

	
	Capacity (#users)
	Gain as compared to Case 1
	Capacity (#users)
	Gain as compared to Case 1

	Case 1: DG with SR and small initial grant
	6.42
	0%
	0.68
	0%

	Case 2: DG with SR and large initial grant
	6.80
	5.9%
	2.06
	202%

	Case 3: Pre-scheduling DG
	6.86
	6.8%
	4.54
	566%

	Case 4: Configured grant
	6.35
	-1.1%
	2.75
	303%

	Case 5: Hybrid CG-DG
	6.97
	8.5%
	4.97
	630%

	Case 6: DG with genie BSR
	7.10
	10.6%
	5.02
	636%



[bookmark: _Toc118724064]To assess the necessity and benefit of the candidate enhancement techniques for improving capacity of XR video traffic, prioritize DG-based enhancement techniques.
[bookmark: _Toc118724065]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: _Toc118724066]The necessity and benefit of the candidate enhancement techniques of DG and CG schemes for XR services should be assessed as compared to existing schemes base d on Rel-17 specifications, and/or under the assumption of XR awareness at RAN.
1. [bookmark: _Toc118724059]Dynamicity of XR traffic with frequent/periodic occasions can be handled by existing specifications and gNB implementation.
1. [bookmark: _Toc115468107][bookmark: _Toc118724060]Necessity of supporting new features to enable dynamic adaptation of CG transmission is not justified.
[bookmark: _Toc118724067]Deprioritize studying the enhancements based on dynamic adaptations for CG based transmissions.
Indication of unused CG occasion(s)/resource(s) by the UE
1. [bookmark: _Toc118462179][bookmark: _Toc118462231][bookmark: _Toc118462254][bookmark: _Toc118462341][bookmark: _Toc118462180][bookmark: _Toc118462232][bookmark: _Toc118462255][bookmark: _Toc118462342][bookmark: _Toc118724061]There is delay between UCI indication in CG for unused resources and the transmission over those unused resources again.
[bookmark: _Toc118724068]Do not pursue CG enhancements based on dynamic indication of unused CG occasions(s)/resource(s) by the UE.
[bookmark: _Toc118724069]The enhancements based on CG-UCI framework to provide indication of the unused CG PUSCH occasion(s) or resource(s) by the UE can be considered to study if the corresponding capacity performance gains with reasonable signalling delay assumptions are provided.
Increase CG PUSCH transmission occasions in a duration

[bookmark: _Toc118724070]Do not pursue enhancements based on joint activation to enable multiple CGs occasions in a period.
[bookmark: _Toc118724071]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.


	vivo
	· UL pose/control traffic
[image: ]
[bookmark: _Ref102041136]Figure 1. System capacity for pose/control stream of UL AR/VR/CG (FR1, Indoor Hotspot scenario) 
Observation 1: Legacy CG mechanism can be used for conveying UL pose/control stream.
· UL scene/video traffic
Observation 2: Legacy CG mechanism can be used for conveying BSR reporting for UL scene/video stream.
Proposal 1: To increase CG PUSCH transmission occasions in a duration, support Alt-1, i.e., single CG configuration with multiple PUSCH occasions per CG period.
Proposal 2: Support dynamic resource adjustment indication by CG-UCI, which can be used for either indicating request for more resources, or recycling of excessive resources. 



[bookmark: _Ref111019637]Figure 2. Example of CG resource recycling based on data volume

· Performance evaluation
In Table 1 and Table 2, capacity performance results for three solutions, i.e. DG scheduling, legacy CG (for only BSR reports, or for both BSR reports and a number of video data) and enhanced CG with dynamic resource adjustment indication, are presented, where TDD patterns of both DDDSU and DDDUU are evaluated for scene/video stream of UL AR. In the evaluations, the following settings are assumed.
· For DG scheduling, 3ms and 5ms SR delay are assumed for Case 5-1 and Case 5-2, respectively. For Case 1~Case 4, BSR can be conveyed by CG PUSCH, so SR delay is not involved.
· For Case 2 and Case 3 with dynamic resource adjustment indication, a resource adjustment indication delay of 2.5ms and 0.5ms are resumed, respectively. The dynamic resource adjustment indication is conveyed in the first CG PUSCH occasion of a CG period which is actually occupied for UL data transmission, and can be used for additional DG resource request, or CG resource recycling. The resource adjustment indication delay is used to model the transmission and/or decoding delay for the resource indication. 


Figure 3. Example of CG resource recycling applying resource adjustment indication delay

[bookmark: _Ref118746246]Table 1. System capacity performance for UL scene/video stream in InH scenario with TDD format of DDDSU
	Traffic model
	Cases
	Capacity (#UEs/cell)
	Capacity gain
	Notes

	10Mbps, 30ms PDB
	Case 1. CG for both BSR reports and video data transmission without dynamic resource adjustment indication
	11.30
	-
	Note 1

	
	Case 2. Enhanced CG for BSR reports and video data transmission with MAC CE based dynamic resource adjustment indication
	11.85
	4.87%
	Note 1

	
	Case 3. Enhanced CG for BSR reports and video data transmission with UCI based dynamic resource adjustment indication
	12.87
	13.89%
	Note 2

	
	Case 4. CG for BSR reports and DG for corresponding data scheduling
	13.96
	23.54%
	Note 1

	
	Case 5-1. DG with 3ms SR delay
	13.94
	23.36%
	Note 1

	
	Case 5-2. DG with 5ms SR delay
	13.82
	22.30%
	Note 1

	10Mbps, 10ms PDB
	Case 1. CG for both BSR reports and video data transmission without dynamic resource adjustment indication
	6.22
	-
	Note 1

	
	Case 2. Enhanced CG for BSR reports and video data transmission with MAC CE based dynamic resource adjustment indication
	6.42
	3.22%
	Note 1

	
	Case 3. Enhanced CG for BSR reports and video data transmission with UCI based dynamic resource adjustment indication
	7.81
	25.56%
	Note 2

	
	Case 4. CG for BSR reports and DG for corresponding data scheduling
	6.12
	-1.61%
	Note 1

	
	Case 5-1. DG with 3ms SR delay
	2.33
	-62.54%
	Note 1

	
	Case 5-2. DG with 5ms SR delay
	0
	-100.00%
	Note 1

	Note1: BSR delay or resource adjustment indication delay based on MAC CE is 2.5ms.
Note2: Resource adjustment indication delay based on UCI is 0.5ms.


[bookmark: _Ref118711759]Table 2. System capacity performance for UL scene/video stream in InH scenario with TDD pattern of DDDUU
	Traffic model
	Cases
	Capacity (#UEs/cell)
	Capacity gain
	Notes

	10Mbps, 30ms PDB
	Case 1. CG for both BSR reports and video data transmission without dynamic resource adjustment indication
	13.41
	-
	Note 1

	
	Case 2. Enhanced CG for BSR reports and video data transmission with MAC CE based dynamic resource adjustment indication
	13.85
	3.28%
	Note 1

	
	Case 3. Enhanced CG for BSR reports and video data transmission with UCI based dynamic resource adjustment indication
	14.94
	11.41%
	Note 2

	
	Case 4. CG for BSR reports and DG for corresponding data scheduling
	16.73
	24.76%
	Note 1

	
	Case 5-1. DG with 3ms SR delay
	15.56
	16.03%
	Note 1

	
	Case 5-2. DG with 5ms SR delay
	15.20
	13.35%
	Note 1

	10Mbps, 10ms PDB
	Case 1. CG for both BSR reports and video data transmission without dynamic resource adjustment indication
	10.13
	-
	Note 1

	
	Case 2. Enhanced CG for BSR reports and video data transmission with MAC CE based dynamic resource adjustment indication
	10.76
	6.22%
	Note 1

	
	Case 3. Enhanced CG for BSR reports and video data transmission with UCI based dynamic resource adjustment indication
	14.54
	43.53%
	Note 2

	
	Case 4. CG for BSR reports and DG for corresponding data scheduling
	6.57
	-35.14%
	Note 1

	
	Case 5-1. DG with 3ms SR delay
	3.51
	-65.35%
	Note 1

	
	Case 5-2. DG with 5ms SR delay
	0
	-100.00%
	Note 1

	Note1: BSR delay or resource adjustment indication delay based on MAC CE is 2.5ms.
Note2: Resource adjustment indication delay based on UCI is 0.5ms.


 
Observation 3: In the traffic model of 10Mbps@60FPS with 10ms PDB, enhanced CG with UCI based dynamic resource adjustment indication can achieve an enormous system capacity gain compared to DG scheduling (Case 5-1 and Case 5-2) and CG+DG scheduling (Case 4).

Proposal 3: For Rel-18 XR WI, recommend the following CG PUSCH enhancements for UL scene/video traffic:
· Single CG configuration with multiple PUSCH occasions per CG period;
· CG-UCI based dynamic resource adjustment indication by a UE for request for additional resources, or for recycling of excessive resources. 


	OPPO
	1. 
2. 
1) Increase CG PUSCH transmission occasions in a duration


Figure 1: Multiple CG PUSCH transmission occasions in a 50ms-period (60fps)
Proposal 1: RAN1 prioritizes single CG configuration with multiple PUSCH occasions per CG period.
Proposal 2: To configure multiple PUSCH occasions per CG period, multiple PUSCH occasion offsets per CG period are configured by RRC, and R17 CG activation is reused.

2) Dynamic indication of the unused CG PUSCH occasion(s) or resource(s) by the UE


Figure 2: Dynamic indication schemes of the unused CG PUSCH occasion(s) or PRB(s) by the UE
Proposal 3: RAN1 prioritizes dynamic indication of the unused CG PUSCH occasion(s) and/or PRB(s) in one CG PUSCH occasion by the UE. PUSCH occasion carrying dynamic indication (i.e., the 1st occasion) is always transmitted in full resources.
Proposal 4: Dynamic indication based on CG-UCI should be used to indicate the unused CG PUSCH occasion(s) and/or RB(s) in one PUSCH occasion.


	Nokia /NSB
	Dynamic indication of the unused CG PUSCH occasion(s) 
Proposal 1: RAN1 supports CG enhancements for the UE to dynamically indicate unused CG PUSCH resource(s) via UCI. The current way of multiplexing CG-UCI on CG PUSCH is used as the baseline for multiplexing the new UCI on CG PUSCH.
Increase CG PUSCH transmission occasions in a period
Proposal 2: Enable support for CG configuration that includes an integer number of TTI transmissions per periodicity, e.g., in the range from 1 to 8.  This calls for RAN2 support to have standardized the corresponding RRC signaling have this supported.
 
Proposal 3: Different options to support multiple CG PUSCHs within one period should be studied further before working on the details of the enhanced schemes.

	Sony
	[bookmark: _Toc118716247][bookmark: _Toc115340470]Observation 3: Dynamic scheduling may be well-suited for DL , but for UL scheduling there will be significant delays as UE should initially provide an indication of availability of the data (e.g., via SR) to the gNB.
The following schemes have been evaluated in this contribution:
DG scheme: Baseline DG scheme is employed where a UE first triggers SR (PUCCH) when XR traffic arrives at the UE buffer, and then gNB provides a grant/DCI for UL scheduling. The total SR+DG delay implemented in this performance evaluation is 5ms. 
CG scheme: Legacy CG scheme is utilized where network provides the CG configurations for the XR traffic. In this performance evaluation, the periodicity of normal CG scheme is 2.5ms for 10ms PDB and 15ms PDB, and 5ms for 30ms PDB. The retransmissions are scheduled dynamically via DG.
eCG scheme1 (UE-based UL scheduling): This is enhanced CG (eCG1) scheme where network provides the CG configurations for XR traffic. The periodicity of eCG (UE-based UL scheduling) scheme is 2.5ms for 10ms PDB and 15ms PDB, and 5ms for 30ms PDB. But in addition, the UE adjusts CG parameters dynamically: MCS, number of PRBs, number of layers within the CG resource. The UE indicates these scheduling parameters to the gNB via UCI transmitted separately in the same CG resource, and whether the subsequent CG occasions will be used/unused until next XR data arrival (for example XR frames arrive at every 16.67ms). The retransmissions are scheduled dynamically via DG.
eCG scheme2: This is another enhanced CG (eCG2) scheme where network provides the CG configurations for XR traffic. The periodicity of eCG2 scheme is 2.5ms for 10ms PDB and 15ms PDB, and 5ms for 30ms PDB. But in addition, the UE only indicates if the subsequent CG occasions will be used/unused until next XR data arrival (for example XR frames arrive at every 16.67ms). The retransmissions are scheduled dynamically via DG.
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Figure 4: Capacity performance results for the normal DG, normal CG, eCG1 (UE-based UL scheduling) and eCG2 (dynamic indication of unused CG occasions), showing the percentage of the satisfied UEs against the number of UEs per cell.
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Table 1. Summary of the capacity performance results for the normal DG, normal CG, eCG1 (UE-based UL scheduling) and eCG2 (dynamic indication of unused CG occasions).
[bookmark: _Toc118716248]Observation 4: The higher capacity performance presented by eCG schemes from this contribution, motivates to enhance the legacy CG scheme for improving the XR capacity.
[bookmark: _Toc118351684][bookmark: _Toc118351878][bookmark: _Toc118716375]Proposal 6: Dynamic indication from the UE for a) adjusted CG parameters (e.g., MCS, number of PRBs, number of symbols, number of layers) b) unused CG PUSCH occasion(s), to improve XR capacity performance should be considered.
[bookmark: _Toc118716376]Proposal 7: Capture the capacity performance results from this contribution in XR SI TR (Excel sheet is attached in this contribution)

	Panasonic
	In the first approach, the UE is provided with a large amount of CG resources. In case the data size is less than the provided CG resources, the UE can indicate the unused resources to the gNB to be used for other UEs. In case the data size is larger than the provided CG resources, the UE needs to ask for additional resources to be provided dynamically. Although this approach could reduce the latency on some occasion, it brings scheduling restrictions for the gNB, since a large amount of CG resources should be reserved. In addition, the CG resources would be wasted if the gNB misses the dynamic indication sent by the UE. For the case that the data size is large, the UE still needs to be scheduled dynamically. In this case, the latency of this approach is like using the current CG+DG. Therefore, the worst case latency, which is critical for XR application than average latency, is not improved in this proposal. In addition, even when there is no data to be sent by application like blank situation, in order to reduce the CG resource usage, UE needs to indicate the unused resources to the gNB. This increases the UE power consumption. 
In the second approach, the CG resources could be increased when the data size is large. Again, this approach brings scheduling restrictions for the gNB since the same CG resources should be reserved. Instead, the UE can be provided with a moderate amount of CG resources (for carrying the smaller amount of data + BSR). When the data is large, the gNB can allocate additional resources dynamically. The worst-case latency is the same for these two approaches (i.e., increasing the CG PUSCH occasions and current CG+DG) while the CG resources are not wasted in the latter case. The UE power consumption can be reduced when there is no data to be sent. Therefore, the combination of CG and DG is better in terms of spectrum efficiency and power consumption compared to the other approach, while the worst-case latency is the same for two approaches. 
Proposal 3: There is no need to support dynamic indication of unused CG PUSCCH or increase CG PUSCH transmission occasions.


	CMCC
	Multiple PUSCH transmission occasions in a CG period
Proposal 1. Multiple PUSCH transmission occasions can be supported in a CG period for one CG configuration, e.g., using multi-slot TDRA for a CG configuration.
Dynamic adaptation of CG parameters/configurations
[bookmark: _Hlk109895946]Proposal 2. CG parameters/configurations adaptation can be considered for XR service and the adaptation indication can be carried in a simplified DCI with a small payload size;
[bookmark: _Hlk115338534]Proposal 3. Combining multiple PUSCH transmission occasions and CG occasions skipping/release can improve resource efficiency, e.g., using a new UCI signaling to indicate the unused PUSCH resources.

	Lenovo
	[image: ]
Figure 1: UE is configured with CG configurations 1 and 2. Based on the size of the UL video traffic arriving at time t1, the UE selects CG configuration 1 or 2. gNB can determine which CG configuration (1 or 2) the UE has used based on (a) an SR indication (sent in black triangle) or (b) DMRS or (c) CG-UCI. 

Proposal 8: Study CG enhancements to address XR traffic variable packet size and quasi-synchronous communication of multiple flows. Enhancements may include:
· Enabling, within a CG period, a set of CG configurations having the same periodicity with CG resources of different size and transmitting only on CG resource(s) of one CG configuration within the set of CG configurations.
· Joint activation of multiple CG configurations for an indicated duration to handle multiple traffics of different QoS requirements in a quasi-synchronous manner with reduced control signaling overhead
· Enabling multiple PUSCH occasions within a CG period, and indicating to be unused/skipped PUSCH occasions to gNB
Hybrid CG-DG
Observation 1: The scheduling delay of the hybrid CG-DG scheme could be increased if the BSR is not triggered due to arrival of an XR video frame if a higher priority data is in UE’s buffer. 

	Apple
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Figure 5 Using CG-UCI to adapt the transport block size
Proposal 3-2: study enhancement to CG-UCI to support indication of MCS and/or PRB adjustment for configured grant. 
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Figure 2 Frequency domain resource adjustment
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Figure 3 Partial PUSCH usage in the time domain
Proposal 3-3: PUSCH resource adjustment in the frequency domain is used as part of configured grant enhancements. 
Proposal 3-4: PUSCH resource adjustment in the time domain can be considered as part of dynamic grant enhancements.

	IDC
	[bookmark: _Hlk110993657]Observation 1:	PDU sets generated at each periodic occasion can consist of variable payload sizes per PDU set. A PDU set is expected to be delivered within PSDB
[bookmark: _Hlk110993670]Observation 2:	Due to application processing of different types of video frame the presence of inter-PDU set jitter in UL is non-negligible
[bookmark: _Hlk115249370]2.1 Adaptations to number of PUSCHs and parameters per CG occasion
Proposal 1: 	Support dynamic indication from the UE to increase the CG PUSCH occasions or resources
Simulation results:
The baseline schemes used in the evaluations are:
· DG (with PF scheduling)
· Single PDCCH schedules 1 PDSCH
· Overhead: 2 PDCCH symbols per PDSCH
· Mean scheduling delay: 5ms

The CG schemes evaluated in the simulations are:
· Baseline CG 
· Configured with 1 PUSCH per CG occasion
· Periodicity: 10ms
· Enhanced CG with flexible resource (re)allocation
· Configured with at least 1 PUSCH per CG occasion
· Periodicity: 10ms
· Overhead: 1 PDCCH symbol per CG allocation
· For this scheme, we assume the UE can indicate to gNB unused CG PUSCH resources. The gNB can re-assign these resources to (other) UEs that need additional resources. 
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Figure 1: FR1 UL AR 10 Mbps (30ms PDB) for Indoor Hotspot scenario 
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Figure 2: FR1 UL AR 10 Mbps (10ms PDB) for Indoor Hotspot scenario

[bookmark: _Hlk111196833]Observation 3: 	Enhanced CG scheme with flexible resource (re)allocation outperforms baseline DG schemes. The performance improvement offered by enhanced CG over baseline DG is more pronounced when the PDB requirements are more stringent. 

	ZTE
	[bookmark: _Toc15083]The Pose/Control packets arrival is periodic and the packet size is constant, thus CG is suitable for Pose/Control traffic transmissions.
[bookmark: _Toc10253]For AR video traffic model, uplink dynamic grant would confront performance penalty especially in the scenario of stringent latency requirement.
[bookmark: _Toc11480]The resource allocation can be configured/re-initialized for legacy type 2 CG, in the meanwhile unused resource release can be considered to solve the problem of low efficiency of resource usage for UE.   
Increase CG PUSCH transmission occasions in a duration 
[bookmark: _Toc25233]Increasing CG PUSCH transmission occasions in a duration can be considered to deal with the characteristic of large and variable packet size for UL AR video traffic model.
According to the email discussion in RAN1#110bis-e meeting, increased CG PUSCH transmission occasions in a duration can be achieved by either Alt 1 or Alt 2 as follows:
· Alt 1: single CG configuration with multiple PUSCH occasions per CG period
· Alt 2: single DCI based activation of multiple CG configurations
For Alt 1, several parameters should be considered to determine the length of the CG period, location of CG PUSCHs in one CG period, and the number of CG PUSCHs in one CG period. As depicted in Figure 1, multiple CG PUSCH transmission occasions are pre-configured in one CG period.
[image: single CG configuration]
Figure 1 Single CG configuration with multiple PUSCH occasions per CG period
For Alt 2, a DCI signaling is considered to jointly activate multiple CG configurations, and the association between different CG configurations should also be considered.
[image: multiple CG configurations]
Figure 2 Single DCI based activation of multiple CG configurations.
[bookmark: _Toc118728217]Support increased CG PUSCH transmission occasion(s) in a duration in Rel-18 XR WI.
[bookmark: _Toc118728218]Owing to limited TU, both single CG configuration with multiple PUSCH occasions per CG period (Alt 1) and single DCI based activation of multiple CG configurations (Alt 2) should be included in Rel-18 XR WI and down-selected late.
[bookmark: _Toc15114]XR-awareness information is helpful for configuration of increased CG PUSCH transmission occasion(s) in a duration
Dynamic indication of the unused CG PUSCH occasion(s) or resource(s) by the UE
[bookmark: _Toc13023]CG PUSCH transmission occasions may be over-configured in a duration, which causes resource waste and leads to capacity performance loss.
[image: Resource Release indication]
Figure 3 Unused resource release indication
[image: 总体流程图]
Figure 4 The procedure of resource release indication transmission
[bookmark: _Toc15637]Based on the resource configuration of the BS, the UE can estimate the CG occasions usage, and UE decides whether or not report Resource Release.
[bookmark: _Toc10502]Release indication for unused CG PUSCHs can be carried by L1/L2 signaling.  
[bookmark: _Toc118728219]Support dynamic indication of unused CG PUSCH occasion(s) or resource(s) by the UE for Rel-18 XR in order to address the problem of resource waste in increased CG PUSCH occasion(s) in a period.
Evaluation assumptions and evaluation results
· Simulation cases: Following case 1~ case 3 include the legacy CG, dynamic grant, and enhanced CG.
· Case 1: legacy CG
[image: CG baseline假设]
Figure 5 Legacy CG 
· Case 2: uplink dynamic grant
[image: DG仿真假设]
(a) Agreed UL dynamic grant baseline (Case 2-1)
[image: Argured DG 仿真假设]
(b) Another UL dynamic grant baseline (Case 2-2)
Figure 6 Dynamic grant with Tx delay (Note that DCI-x schedules PUSCH-x, while DCI-B schedules PUSCH only for BSR)
While in for XR use case, it seems challenging for gNB to predict the size of resources by the first UL grant. For simplification, we assume accurate size of resource for the first UL grant can be obtained with the ability of XR-awareness. For case 2, it should be noted that we have an assumption of ideal BSR reception, implying that BSR is always received successfully.
· Case 3: CG enhancement (eCG)
[image: eCG resource release]
Figure 7 multiple CG PUSCH transmission occasions configuration with resource release
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	(a) Traffic model 1: 20Mbps@60fps, 30ms PDB
	(b) Traffic model 2: 20Mbps@60fps, 15ms PDB
	(c) Traffic model 3:  20Mbps@60fps, 10ms PDB


Figure 8 Capacity comparison among Case 1, Case 2 and Case 3 for 20Mbps@60fps traffic model with different PDB in Dense Urban scenario
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	(a) Traffic model 4: 10Mbps@60fps, 15ms
	(b) Traffic model 5: 10Mbps@60fps, 10ms


Figure 9 Capacity comparison among Case 1, Case 2 and Case 3 for 10Mbps@60fps traffic model with different PDB in Dense Urban scenario
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	(a) 20Mbps@60fps
	(b) 10Mbps@60fps


Figure 10 Capacity summary of Figure 8 and Figure 9
[bookmark: _Toc26217]CG enhancement is capable of bringing significant capacity gain compared to UL dynamic grant and legacy configured grant. Moreover, capacity gain increases when the required PDB decreases or the data rate increases.
A. Hybrid CG+DG
· Case 4 Hybrid CG+DG
[image: Hybrid CG+DG]
Figure 11 Hybrid CG+DG
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	(a) Traffic model 1: 20Mbps@60fps, 30ms PDB
	(b) Traffic model 2: 20Mbps@60fps, 15ms PDB
	(c) Traffic model 3:  20Mbps@60fps, 10ms PDB


Figure 12 Capacity comparison among DG, hybrid CG+DG and eCG for 20Mbps@60fps traffic model with different PDB in Dense Urban scenario
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	(b) Traffic model 4: 10Mbps@60fps, 15ms
	(b) Traffic model 5: 10Mbps@60fps, 10ms


Figure 13 Capacity comparison among DG, hybrid CG+DG and eCG for 10Mbps@60fps traffic model with different PDB in Dense Urban scenario
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	(a) 20Mbps@60fps
	(b) 10Mbps@60fps


Figure 14 Capacity summary of Figure 12 and Figure 13
[bookmark: _Toc1999]The capacity performance of hybrid CG+DG is slightly better than that of DG baseline.
[bookmark: _Toc16222]The capacity performance of eCG outperforms that of hybrid CG+DG.
B. BSR transmission reliability
[image: BSR传输错误的情况]
Figure 15 The impact of BSR failure transmission
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	(a) Traffic model 1: 20Mbps@60fps, 30ms
	(b) Traffic model 2: 20Mbps@60fps, 15ms


Figure 16 Capacity comparison w/wo BSR error for DG baseline
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	(b) Traffic model 1: 20Mbps@60fps, 30ms
	(b) Traffic model 2: 20Mbps@60fps, 15ms


Figure 17 Capacity comparison w/wo BSR error for Hybrid CG+DG
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	(a) Traffic model 1: 20Mbps@60fps, 30ms
	(b) Traffic model 2: 20Mbps@60fps, 15ms


Figure 18 Capacity summary of Figure 16 and Figure 17 
[bookmark: _Toc3099]For the transmission schemes that rely on BSR signaling, including e.g., dynamic grant, hybrid CG+DG, the BSR failure transmission enlarges the transmission delay and causes performance loss, especially for the traffic with stringent PDB.


	DCM
	Multi-PUSCH in one CG periodicity
Observation 1: It is possible that one PUSCH in one CG periodicity may be not enough to transmit one packet for XR. Using multiple CG configurations for one packet is not efficient.
Proposal 1: Study multiple CG PUSCHs in one CG periodicity for XR.
UE reporting unused CG occasions/resources
Observation 2: With the XR-awareness information in higher layer, gNB could make efficient decision to reuse CG resource.
Proposal 2: NOT support UE reporting unused CG occasions/resources.

	Samsung
	Observation 1: Use of CG PUSCH for XR would result to significantly reduced capacity compared to DG PUSCH.

Another suggested reason for using CG PUSCH is to reduce latency for UL traffic. However, CG-PUSCH is not necessary or feasible for that purpose. Latency is not an issue in FR2 where XR deployments are likely due to BW availability. In FR1 and for bands using 15 kHz SCS (below 2 GHz), there is no available spectrum for operators to offer meaningful XR service, even if service is blocked for all non-XR UEs. In FR1 and the TDD bands using 30 kHz SCS, a latency of ~3 msec would occur for the DDDSU configuration and single cell operation using SR/DG but then a bigger issue is whether XR service can be provided since UL/DL data rates for XR are largely symmetric and more balanced UL-DL configurations, or even UL-heavy configurations since achievable data rates are smaller in the UL than in the DL, are needed. Inter-band CA can offer somewhat complementary TDD configurations that are consistent with existing deployments and balance UL/DL resources. That can also reduce latency using PUCCH cell switching for SR transmission. Feasibility of CG-PUSCH is another issue as orthogonal resources are not possible to provide to more than few UEs for video traffic while at the same time blocking use of those resources and significantly reducing UL cell throughput. It is noted that the evaluation results in the TR [3] considered a DDDUU configuration and 100 MHz and, even then, no UEs could be supported for UL video traffic with PDB of 10 msec. For a PDB of 30 msec, DDDUU configuration, and 30 kHz SCS, as considered in the TR [3], there is no latency issue by using SR-DG based scheduling.

Observation 2: Latency incurred by SR-DG based PUSCH scheduling is not an issue for XR in deployments that provide sufficient resources to satisfy the target UL data rates/PDB for XR.

Further, even if CG-PUSCH is to be considered for latency reduction, a UE can first transmit CG-PUSCH as in Rel-17 and the gNB can deactivate CG-PUSCH and switch to DG-PDSCH using the BSR in the CG-PUSCH and in subsequent DG-PUSCHs (and reactivate CG-PUSCH at the start of Active Time). Even if the CG-PUSCH providing BSR is missed by the gNB, there is no material difference between Rel-17 CG-PUSCH and proposals for additional CG-PUSCH designs and the impact on latency is anyway not an issue as it is conditioned on incorrect CG-PUSCH reception and therefore has reduced overall contribution. Alternatively, pre-scheduling may be used to achieve similar effects while enabling more flexible resource allocation and link adaptation without reserving resources in advance by RRC. Also, it is unclear how “Increase CG PUSCH transmission occasions in a duration” is meaningful as CG-PUSCH would anyway need to be in every UL slot of a TDD UL-DL configuration and Rel-17 also supports multiple CG-PUSCH configurations.

The other proposed design for “dynamic indication of the unused CG PUSCH occasion(s) or resource(s) by the UE” essentially aims for UEs to be self-scheduled with respect to time/frequency resources for next CG-PUSCH transmissions and assumes that all corresponding CG-PUSCH configurations are dimensioned for the maximum possible time/frequency resources for video traffic. Given that a first CG-PUSCH transmission has to be as in Rel-17, it is detrimental for the UE to control subsequent time/frequency resources instead of the gNB doing so via DG-PUSCHs. It is the gNB that has knowledge of the overall traffic requirements on a cell. It is also the gNB that can perform link adaptation by indicating not only time/frequency resources but also MCS, number of layers, precoding, request for SRS/CSI, etc. DG-PUSCH is also the only option for TB retransmissions. Further, as the DL is more robust than the UL in terms of coverage/reliability, using DG PUSCH removes issues related to reliability of UCI indicating time/frequency resources for a next CG-PUSCH and issues related to testing and specifications for ensuring that a UE would always indicate “appropriate” time/frequency resources. For example, a specified/configured mapping of a TB size to time/frequency resources is not enough as it cannot consider the short-term SINR at the gNB receiver which is something the UE cannot know in order to set the MCS or the number of layers or even the PUSCH transmission power. Further, NR is based on the gNB/operator controlling spectrum use - moving that control to UEs would be a significant paradigm shift that is neither necessary nor beneficial. 

Observation 3: If CG-PUSCH is to be used at all for video traffic, it is preferable for a network to use CG-PUSCH as in Rel-17 for an initial PUSCH transmission and then switch to DG-PUSCH instead of only relying on CG-PUSCH.

Proposal 1: New designs for CG-PUSCH are not further considered for XR.


	QC
	[bookmark: o2]Observation 2: For proper demodulation in the UL, gNB is required to know which of the UL resources the UE has skipped 
[bookmark: p8]Proposal 8: UCI-CG or a new UCI can indicate the unused resources in the CG-PUSCH 


	MTK
	
[image: ]
Figure 7: Dynamic indication of the unused CG PUSCH occasion(s) or resource(s) by the UE
[bookmark: OLE_LINK826][bookmark: OLE_LINK830]Proposal 4: On enhanced CG techniques, RAN1 or RAN2 to introduce the following mechanism:
· In the first CG resource, include an indication of number of CG resources that will be used from UE to NW (as shown in Figure 7)
NW can then repurpose remaining unused CG resources for other UEs.
[bookmark: OLE_LINK831]Proposal 5: If “dynamic indication of the unused CG PUSCH resource(s) by the UE – (1)” is adopted in Rel-18 XR WI, RAN1 or RAN2 to further study the mechanism of “increasing CG PUSCH transmission occasions in a duration – (2)”.
· We think (2) is only useful if combined with (1)

	KT Corp.
	Observation 1: The situation requiring relatively higher/lower bitrate is not instant in general video stream.

Proposal 1: Support dynamic indications with the persistent changing of CG configurations.
Alt 1-1. Pre-configured multiple CGs with dynamic selection is supported.
Alt 1-2. New CG supporting dynamic adjustment of configuring is supported


Observation 2: UE is generally better than BS for the prediction of change of bitrate for UL video stream.


Proposal 2: Dynamic indication of unused CG occasion is indicated by UCI.

Proposal 3: For the single CG configuration with multiple PUSCH occasions per CG period, the activating DCI indicates multiple cases of PUSCH occasion patterns.

Proposal 4: CG type-1 supports the single DCI based activation of multiple CG configurations.


	LG
	Dynamic indication of the unused CG PUSCH 
Proposal 1: If CG usage indication is supported, it is necessary to study the timeline for CG usage indication.
Proposal 2: If CG usage indication is supported, CG usage indication is configured per CG configuration. 
Proposal 3: If CG usage indication is supported, following options can be considered to indicate unused CG PUSCH occasion(s) or resource(s):
· Option 1: Indicating CG occasion that wouldn’t be used at UE side. 
· Option 2: Indicating CG period that wouldn’t be used at UE side. 
· Option 3: Indicating HARQ processes for the CG that wouldn’t be used at UE side. 
Proposal 4: If CG usage indication is supported, following options can be considered to indicate unused CG PUSCH occasion(s) or resource(s):
· Option 1: Multiplexed in PUSCH, as a part of a CG-UCI. 
· Option 2: Multiplexed in PUSCH or PUCCH, as a new type of UCI.
· FFS: How to multiplex CG usage indication with other UCI

Increase CG PUSCH transmission occasions in a duration 
Proposal 5: At least for jitter handling with CG configuration, it is necessary to allocate multiple CG occasions in a periodicity with single CG configurations. 
Proposal 6: If multiple CG occasion in a periodicity within a single configuration is supported, following options can be considered:
· Option 1: The design of single DCI scheduling multiple PDSCH/PUSCH can be re-used for  activation DCI.
· Option 2: The design of PUSCH repetition in Rel-17 can be re-used.
· Option 3: The design of NR-U configured grant can be re-used.
Proposal 7: It can be considered to activate/release multiple CG with a single UL grant. 

	Google
	Proposal 1: Introduce new CG-UCI bit-field to cancel unused PUSCH occasions/resources.
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Proposal 2: To cancel unused PUSCH occasions/resources:
· Option 1: Send a bitmap on the first PUSCH occasion in the CG cycle indicating the PUSCH occasions to be used and those to be cancelled. 
· Option 2: Send a single indication on the last PUSCH to be used in the CG cycle to cancel remaining PUSCH occasions. 
Proposal 3: Introduce new CG-UCI bit-field to request extra PUSCH occasions/resources.
Proposal 4: CG-UCI indicating cancellation/request of PUSCH resources could be always sent at the first transmitted PUSCH occasion in the CG cycle 

	Intel
	In the capacity evaluation of UL AR [2], significant performance degradation was observed for two stream traffic (pose/control + video) compared to single stream traffic (video) despite the small packet size of pose/control traffic. In Figure 3, it is shown that the capacity decreases from 7.8 to 3.4 for SU-MIMO and from 10.5 to 4.6 for MU-MIMO. This is because the scheduler is not being aware of which stream each packet belongs to and schedules using first in, first out approach. Therefore, it is possible that pose/control packets with more stringent delay requirement fails to be delivered within its PDB due to the long wait time in the buffer while the large video packet is served.

[image: ]
Figure 3. Capacity comparison between UL AR 10Mbps video with and without pose/control

Observation 1: For UL AR two stream traffic, the capacity decreases significantly if the scheduler does not differentiate between the streams and schedules the packets using first in, first out approach.

Observation 2: For multi-stream traffic such as the two-stream traffic in UL, mix of CG (for pose/control) and DG (video) based transmission can be considered. 

Proposal 2: RAN1 should investigate single CG configuration with multiple PUSCH occasions per CG period or single DCI based activation of multiple CG configurations. 

Proposal 3: Deprioritize dynamic indication of the unused CG PUSCH occasion(s) or resource(s) by the UE.



2.1	Initial Discussion
Moderator’s suggestions for initial discussions:
· Q1: On evaluations and analysis:
· Discuss the results, for example:
· Comparison with CG+DG
· Impact of signalling delay in eCG schemes
· Lack of considering BSR error for eCG
· Q2: On CG enhancement proposals:
· Discuss whether the following proposals can be discussed instead of the proposals in the eCG agreement.:
· Proposal 2-1: Support dynamic indication of the unused CG PUSCH occasion(s) based on UCI (e.g., CG-UCI or a new UCI) by the UE
· [Vivo, OPPO, Nokia/NSB, CMCC, Sony , Lenovo, Apple, IDC, ZTE, QC, MTK, KT Corp., Google, LG, Huawei/HiSilicon] ?

· Proposal 2-2: Support dynamic indication of the unused CG PUSCH resource(s) based on UCI (e.g., CG-UCI or a new UCI) by the UE
· [OPPO, Sony, CMCC, Apple, ZTE, QC, KT Corp. , Huawei/HiSilicon]?

· Proposal 2-3: Support the increase of CG PUSCH transmission occasions in a period of a single CG PUSCH configuration
· [Vivo, OPPO, CMCC, ZTE, DCM, MTK, KT Corp., LG, Intel, Nokia/NSB, Huawei/HiSilicon, IDC]?

· Q3: On support of eCG enhancements:
· Discuss whether you can consider support of any of the above proposals. 
· Q4: On correction and clarifications:
· Discuss any clarification/correction/comment/question on Moderator’s observations and suggestions or any other aspect helping the discussion and needed decisions.


2.1.1	1st Online Session Discussion
· Proposal 2-1: Support dynamic indication of the unused CG PUSCH occasion(s) based on UCI (e.g., CG-UCI or a new UCI) by the UE
· Yes: Vivo, OPPO, Nokia/NSB, CMCC, Sony , Lenovo, Apple, IDC, ZTE, QC, MTK, KT Corp., Google, LG, Huawei/HiSilicon
· No: FW, Ericsson, Panasonic, Samsung, DCM, Intel

· Proposal 2-2: Support dynamic indication of the unused CG PUSCH resource(s) based on UCI (e.g., CG-UCI or a new UCI) by the UE
· OPPO, Sony, CMCC, Apple, ZTE, QC, KT Corp. , Huawei/HiSilicon
· No: FW, Ericsson, Panasonic, Samsung, DCM, Intel

· Proposal 2-3: Support the increase of multiple CG PUSCH transmission occasions in a period of a single CG PUSCH configuration
· Yes: Vivo, OPPO, CMCC, ZTE, DCM, MTK, KT Corp., LG, Intel, Nokia/NSB, Huawei/HiSilicon, IDC
· No: FW, Ericsson, Panasonic, Samsung

Note: Please ensure the information provided in companies contributions are considered for discussions.
	Company
	Comment

	MTK
	Q1: While we support CG-UCI enhancement in our tdoc, we kind of agree with moderator observation that CG+DG mechanism provided by Ericsson’s tdoc is available in current spec and can be a candidate for baseline. We would suggest to have some debate/clarification during offline discussion on how the observed gain can be so different from companies (Ex. Is it only because the baseline assumption?). Also, the achievable gain is more evident when the PDB is 10ms, and not that evident with a 30ms PDB. We would also suggest companies to discuss which PDB assumption may be more appropriate during the offline discussion. 
[bookmark: OLE_LINK2]Q2: We suggest to first discuss Proposal 2-1 and 2-2.
Q3: We can support Proposal 2-1 and 2-2.
Q4: Baseline assumption as we mentioned in Q1; SR and BSR delay value assumption.

	Nokia, NSB
	Q2: Given that this is the last meeting of SI we support more focused discussion during this meeting.
Proposal 2-3: Multi-slot scheduling per period will be required to transmit large video frame in UL fo AR use cases. Currently, multi-slot scheduling per period is possible for unlicensend band for CG. We propose extending this functionality to lincensed band to better support XR.  
Proposal 2-1: The multi-slot scheduling per period from Proposal 2-3 is semi-statically configured. Thereby, the dynamic indication of unused resources may be needed to adapt to varying XR frame size. In case, there is an XR awareness and gNB knows the minimum size of video frames in UL, it can allocate the minimum resources and then assign more resources with DG. We recommend comparing that option with the an option where more resources than needed are assigned and new signalling is required to indicated the unused occasions.
Q3: We think that Proposal 2-3 can consider an extension from unlicensed band to licensed band bringing minimum spec changes effort to support the feauture. For Proposal 2-1, 2-2, it will be good to see the benefits over CG+DG approach as discussed in Q2.

Q1: Related to comparison of eCG with indication of unused resources vs CG (BSR+ data)+DG, we found only one source R1-2211906, ZTE showing the results. The results show that eCG with indication of unused resources perfoms better than CG (BSR+ data)+DG. 
@ZTE, could you please, clarify the reason for that gain mentioned above?

	Intel
	Q2. It has been already agreed that DG is considered to be baseline when CG performance is evaluated and should be the minimum that needs to be considered for showing gain. Certainly, CG + DG is possible under current specifications and can be additionally considered as baseline. 
Q3: Yes
Q4: We support P2-3 which does not require additional L1 signaling and promise to offer minimum spec change. If L1 based adaptation is needed, we do not see why DG or CG + DG cannot be used. We do not see clear motivation of P2-1, P2-2.

	Huawei, HiSilicon
	FYI: we added “Huawei/HiSilicon” in the proposals above.
FYI: For R18 XR capacity (AI 9.10.2), we updated our Tdoc in R1-2212650 (revision of R1-2210907). We newly added Section 2.2.1, which includes the simulation results of CG enhancements. So we added our simulation results for CG enh in Table A above.

For Proposal 2-3: we suggest the following red changes to avoid confusion. Because the previous wording “the increase of…” may lead to some mis-interpretation like “dynamically increasing”, etc.
==
Proposal 2-3: Support the increase of multiple CG PUSCH transmission occasions in a period of a single CG PUSCH configuration

	ZTE, Sanechips,
	We generally share the views with MTK and Nokia, and we provide following clarifications on the evaluations and analysis. And in fact @Nokia, update R1-2212650 from Huawei, and R1-2211025 from vivo also provided the comparision between eCG and CG+ DG.
Q1: On evaluations and analysis
(1) We have a clarification question to Genie DG or DG with genie BSR. Does it mean gNB has genie SR and genie BSR information? Moreover, for genie DG scheduling, should perfect adaptive resource allocation, MCS, etc., be assumed for achieving an upper bound of capacity performance?

(2) Hybrid CG+DG 
It’s true that performance can be improved if SR delay is elimated via CG mechanism for first PUSCH transmission, however, the CG resource is not always valide, which is related to detailed legacy CG configuration. For example, in hybrid CG+DG, we assume period CG PUSCH for the first grant for each packet, and the CG occasions actually have a risk of colliding with D slot (as following figure shown), implying the CG occasions have to be canceled, then the XR packet without CG occasion/resource should undergo DG scheduling based on SR procedure. 

[image: ]

More over, as illustrated in R1-2211906, the performance of hybrid solution can be negatively affected with following assumptions:
- The CG PUSCH is restricted to size of 100k bits, due to unkown of instant packet size, the optimal scheduling resource at that time may be lager than the reserved resource. 
- For TDD configuration DDDSU. When the CG PUSCH for the first grant for a certain packet of a UE is located at S slot (as following figue shown), the U slot right after S may be wasted. 
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(3) For eCG, there’s an assumption on adjustment delay / UCI processing delay
Firstly, UE may determine report, or not report the resource release indication. And as illustrated in step 4 in [R1-2211906], gNB should firstly decode the resource release indication and schedule the unused resources at least if the resource release indication is decoded correctly.
(4) Regarding the question why BSR error is not considered for eCG
In our view, for a traffic transmission via CG, no BSR reporting is needed. Although a BSR can be transmitted in CG resource for other scheduling.

Q2: On CG enhancement proposals:
We think either Proposal 2-1,Proposal 2-2, or Proposal 2-3, can be beneficial for improving capacity performance, Thus, we can have options as Proposal 2-1, 2-2, 2-3, and maybe we can make decision for details at normative phase.
Q3: On support of eCG enhancements:
We support eCG enhancements, furthermore, we also support Proposal 2-1, 2-2, 2-3.

	LG
	Q2: We think the discussion on unused CG resource indication should be under proprosal 2-2-1 in RAN1#110bis. We would like to remove proposal 2-2 if it is not under proposal 2-2-1 as the moderator mentioned. 
Q3: We support the proposal 2-1 and 2-3. 

	Lenovo
	Q1/Q4: Regarding CG+DG: The scheduling delay of the hybrid CG-DG scheme could be increased if the BSR is not triggered due to arrival of an XR video frame if a higher priority data is in UE’s buffer.
Q2: fine with discussing P2-1 to P2-3; first P2-3 should be decided.
Q3: fine with P2-1, and P2-3; further details of P2-2 needed.

	CATT
	Q1: CG+DG is the compromised solution for XR with large variant of packet size and stringent delay budget.   The BSR enhancement would reduce the delay of DG.
Q2:  All P2-1, P2-2, and P2-3 would not provide the capacity gain for XR.   Some results are over-optimized beyond the theoretical upper bound.
Q3:  No 

	Sony
	Q1: We should capture schemes with the simulation results that compares with the baseline DG, and CG.
Note that Hybrid CG+DG scheme has issues of DL control capacity as well as UE’s power consumption because UE has to monitor and process PDCCH reception more often compared to eCG schemes.
Just to clarify our simulations (Sony), for UCI processing delay, we assumed that gNB first decodes UCI at the beginning of the UL slot and retrieves the scheduling information in the same slot where gNB receives the eCG. The gNB can then schedule unused resources for other UEs at the next CG occasion (note that there is a time-gap between two adjacent CG occasions).
Q2: We support proposals P2-1, P2-2 and P2-2-4, for eCG.
Proposal 2-2-4: Dynamic indication from the UE for adjusted CG parameters (e.g. MCS, number of symbols, number of PRBs, number of layers) to improve XR capacity performance is beneficial.
Q3: We are ok with P2-1, P2-2 and P2-2-4.




	InterDigital
	Q2: We support Proposal 2-1 and 2-3
Q3: Yes 

	OPPO
	Q2: We support all three Proposals.
Q3: Yes.



2.1.2	Outcome of 1st online session:
The followings, were agreed/endorsed during online session:
	Proposal 2-1: 
Support dynamic indication of the unused CG PUSCH occasion(s) based on UCI (e.g., CG-UCI or a new UCI) by the UE

Proposal 2-3: 
Support the increase of multiple CG PUSCH transmission occasions in a period of a single CG PUSCH configuration

Conclusion
No consensus on the following
· Support dynamic indication of the unused CG PUSCH resource(s) based on UCI (e.g., CG-UCI or a new UCI) by the UE



 
Moderator comment:
· The discussion on this topic is closed. Please follow the discussion on Section 6 regarding capturing the simulation results in XR TR.

3 Cross carrier retransmissions
The following agreement was made during the last meeting, that basically prioritizes the following enhancement for further study. 
	Agreement:

· For further study the mechanisms to enable HARQ retransmission of a TB on a different cell than the cell of the initial TB transmission for CA operation on TDD cells, consider at least the following:
· Capacity performance evaluation results
· Complexity analysis and RAN2 impact



Table B below lists short descriptions, and the proposals and observations in the contributions submitted in this meeting. For more detailed descriptions and discussions please refer to the corresponding companies’ contributions. 
Status of inputs in the contributions:
· Companies with view (8): Futurewei, HW/HiSi, Ericsson, Intel, Samsung, MTK*, LG, Google
· Supportive (4): HW/HiSi, Samsung, MTK, Google 
· Not supportive/FFS (4): Futurewei, Ericsson, Intel, LG, Nokia/NSB
· Capacity performance results (1): MTK

Summary of Moderator’s observations:
Motivations:
Reasons for support:
· HW/HiSi, Samsung, Google, MTK: Reduced delay in case of different UL-DL configurations in TDD carriers of CA, increases PDB budget delay. Obvious capacity gain (no evaluations provided)
· Samsung: RAN1 spec impact is minimum. RAN2 minimum spec impact in case of no soft-combining (with 3 dB loss). Decision for support up to RAN2
Reasons for not to support:
· Futurewei: Need to study performance gain, study impact of design options on RAN1 and RAN2
· Ericsson: Impact on MAC spec, Impact on PUSCH preparation time at UE and gNB processing delay, Proposed before in RAN2 since LAA. Impact on gNB implementations, e.g. combing soft values on different carriers at gNB)
· Intel, LG: Not XR specific enhancement. Considerable RAN1 &RAN2 impact. UE &NW implementation impact.
Evaluations:
With respect to the need for CG enhancements, only MTK has provided simulation results.
· The results for DL, and show no gain as compared to Ca baseline. It is not clear how benefit for UL cross carrier retransmission TB is motivated.

Enhancement techniques:
Companies’ preferences are captured as three alternatives below under proposal 3-1 where a decision for one of them is needed:
Proposal 3-1: Select one of the following alternatives:
· Alt-1: Inform RAN2 via an LS that RAN1 identifies enabling an initial transmission and a retransmission of a TB on different cells is beneficial for XR capacity improvements. Request RAN2 to decide whether to consider support of common HARQ process pool among cells.

· Alt-2: Support common HARQ process pool among cells to enable HARQ retransmission of a TB on a different cell than the cell of the initial TB transmission for [UL] CA operation on TDD cells in XR agenda
· Alt-3: Deprioritize discussion on HARQ retransmission of a TB on a different cell than the cell of the initial TB transmission for CA operation on TDD cells in XR agenda.

Table B: Summary of Contributions inputs for Section 3
	Company
	Contributions input

	FW
	For TDD carriers of CA operation, different UL-DL configurations can be used on carriers to properly align and complement each other for faster turnaround time of HARQ retransmission as well as more transmission opportunity. Therefore, capacity performance benefit from such enhancement can be expected while evaluation is needed to show that. The specification and implementation impact of cross-carrier HARQ can be substantial, in both RAN1 and RAN2, depending on the different design options. More detailed analysis is then needed.
Proposal 2: further evaluation and analysis of performance and specification impact is needed before supporting cross-carrier HARQ for XR capacity improvement.

	HW/HiSi
	XR traffic poses high requirements for latency and reliability. If DL data transmission fails, retransmission scheduling needs to wait UL slot for UE to feedback NACK, which will lead to large transmission latency. In this case, cross carrier HARQ can bring the benefits of latency reduction since the initial transmission is sent on one particular CC and the associated HARQ retransmissions can be scheduled and sent on another CC. The capacity gain is obvious if re-transmissions can be performed on another complementary TDD band or FDD band. Thus, we support further study the enhancement of CA HARQ retransmission.
[bookmark: _Ref118404751]Proposal 4: Support further study the enhancements of CA HARQ retransmission.


	Ericsson
	First, the functionality to enable HARQ retransmission of a TB on a different cell for DL has been discussed before at the time of LAA standardization and was perceived by several companies to be non-critical. The functionality has impact on gNB/UE implementation complexity as well as impact on signalling. As the proponent explains, it will be required to introduce a signalling mechanism to indicate that a TB initially transmitted on a first carrier using a first HARQ process is re-transmitted on a second carrier using a second HARQ process. On a high level, the functionality may appear simple, but the specification details are often complicated. One such complication that we expect will appear is regarding timing. There are complicated timing rules already in current specification for, e.g., PUSCH preparation time. The PUSCH preparation time has been discussed intensively in previous releases when new functionality has been introduced and the resulting rules have become more and more complicated. We expect it will be required to introduce additional time for the PUSCH preparation time if a TB would be re-transmitted on a carrier different from the carrier used for previous transmission. If the involved carriers would have different numerology, it is not unlikely that complicated rules would be the result. gNB processing delay would also likely be impacted by that a TB is re-transmitted on a different carrier since soft bits to be combined do not originate from same carrier.  Since timing restrictions impose scheduling restrictions and it in turn limits the potential gain with the functionality.
1. [bookmark: _Toc118724062]Re-transmitting a TB on another carrier than the carrier used for initial transmission will likely lead to timing restrictions for both UE and gNB:
- For uplink TB transmissions, additional UE restrictions w.r.t PUSCH preparation time are expected.
- For downlink, additional UE restrictions w.r.t PDSCH-to-HARQ feedback time are expected.
- In UL and DL case, the longer gNB processing delay can be expected.
- Even more severe restrictions may apply when two carriers have different numerology.
1. [bookmark: _Toc118724063]Scheduling restrictions imposed by timing restrictions will negatively impact capacity for time-critical services.
[bookmark: _Toc118724072]Deprioritize the mechanism to enable HARQ retransmission of a TB on a different carrier. 


	Intel
	During RAN1 # 110bis-e, there were proposals on enabling HARQ retransmission of a TB on a different cell than the cell of the initial TB transmission. We are not convinced that this is a XR specific issue, in particular whether for XR it is worth reducing latency by having same HARQ process pool. Moreover, there is considerable specification impact across RAN1 and RAN2. Moreover, UE and NW implementations may also be significantly impacted.
Proposal 1: Deprioritize discussion on HARQ retransmission of a TB on a different cell than the cell of the initial TB transmission for CA operation on TDD cells in XR agenda.


	Samsung
	Rel-17 introduced support for cell switching of PUCCH transmissions in order to reduce latency. Same reasons apply for cell switching for an initial transmission and a retransmission of a TB. For example, considering the DDDUU configuration and inter-band CA, it is evident that with a shifting of the configuration by 2 or 3 slots in one band vs. the other band (supported since Rel-15), latency for PDSCH receptions is eliminated (instead of a maximum of 2 slots) and a maximum latency for a PUSCH transmission providing a TB retransmission is a maximum of 1 slot (instead of a maximum of 3 slots). More importantly, as TB retransmissions can be considered infrequent and not have significant impact on latency statistics, a gNB can schedule an initial transmission of a TB at any slot in the DL and typically at any slot in the UL (or with maximum latency of 1 slot). The availability of resources for faster scheduling is functionally equivalent to PDB relaxation which has been shown to substantially increase capacity (e.g. [3] for PDB of 10 msec and 30 msec).  

Observation 4: Cell switching for PDSCH receptions/PUSCH transmissions can reduce latency which increases PDB budget and capacity.

From a RAN1 perspective, cell switching for an initial transmission and a retransmission of a TB is expected to have minimal impact as it is similar to PUCCH cell switching. From a RAN2 perspective, a common HARQ process pool needs to be supported for TB retransmissions among cells configured for PDSCH/PUSCH cell switching. As having a common HARQ process pool among a number of cells affects the MAC operation, it is proposed to conclude that RAN1 identifies a material capacity gain from enabling an initial transmission and a retransmission of a TB on different cells (e.g. due to an effective increase in PDB [3]). RAN2 can then consider requirements to support those functionalities and decide on whether or not to specify support. It is noted that cell switching for an initial transmission and a retransmission of a TB can also be supported with minimal RAN2 impact if there is no soft-combining for the LLRs of the initial TB transmission and of the TB retransmission but that would result to a ~3 dB loss and some corresponding capacity loss.

Proposal 2: Inform RAN2 that RAN1 identifies material capacity gain from enabling an initial transmission and a retransmission of a TB on different cells for RAN2 to consider support of common HARQ process pool among cells.


	MTK
	[bookmark: OLE_LINK105]For outdoor wide area deployment, TDD patterns favoring UL-heavy or DL-heavy traffic are very common and widely deployed, which leads to extra PDCCH alignment delay when DL/UL retransmission happens.
[image: ]
[bookmark: OLE_LINK799][bookmark: _Hlk101345680][bookmark: OLE_LINK812][bookmark: OLE_LINK116]Observation 11: For outdoor wide area deployment, TDD patterns favoring UL-heavy or DL-heavy traffic are very common and widely deployed, which leads to extra PDCCH alignment delay when DL/UL retransmission happens.
One potential latency enhancement for cross-carriers scheduling is DL/UL retransmission across CCs, which will lead to latency enhancement in CA with TDD carriers. Hence, the initial DL/UL transmission is sent on one particular CC and the associated DL/UL retransmissions can sent on another CC. The cross-carriers scheduling proposals are also applicable for: FR1 vs FR2, Unlicensed vs licenced, FDD vs TDD. 
[bookmark: _Hlk101345704][image: ]
[bookmark: OLE_LINK806]Proposal 2: Under CA with different TDD patterns, DL/UL data retransmission can take place on a carrier different from its initial DL/UL transmission. 
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[bookmark: OLE_LINK833][bookmark: OLE_LINK819][bookmark: OLE_LINK800]Figure 5: DL Capacity – max user number with (90% User @ “99% frame Tx done < 10ms”) with enhancement of cross-carrier DL retransmission

[bookmark: OLE_LINK804][bookmark: OLE_LINK813][bookmark: OLE_LINK803]Observation 12: From Figure 5, the DL capacity gain with enhancement of cross-carrier DL retransmission is not evident in N41/N79 two-carrier aggregation each having 100Mhz bandwidth. The reason is that the field used TDD patterns are already DL heavy.
[bookmark: OLE_LINK834]Observation 13: For XR applications which require both high DL data rate and high UL data rate, say AR, the field used DL heavy TDD patterns are not friendly to satisfy the stringent PDB requirement for UL retransmission, and there could be potential UL capacity gain with cross-carrier UL retransmission.
[bookmark: OLE_LINK820][bookmark: OLE_LINK832][bookmark: OLE_LINK807]Proposal 3: On cross-carrier retransmission enhancement, RAN1 to focus on cross-carrier UL retransmission enhancement for UL XR capacity.
[bookmark: OLE_LINK836]Observation 14: From 38.300 in Figure 6, current HARQ process is maintained per CC in MAC layer, so there may be RAN2 impact for cross-carrier retransmission enhancement.
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Figure 6: Layer 2 structure for DL/UL with CA configured from 38.300

	LG
	First of all, it is not possible for UE to acquire between DL assignments for a new transmission and re-transmission, but UE can only assume based on the history of scheduling. Thus, the proposed mechanism basically requires to generate a new or existing TB based on a cell, and transmit the TB in the different cell. In this point of view, since TB are generated and managed in MAC layer, it would have MAC layer specification impact than PHY layer specification impact for UE to perform initial transmission and re-transmission on different cells. 
Observation 1: The proposed mechanism has larger impact on MAC layer operation rather than PHY layer behaviour.
On the other hand, if the proposed mechanism is supported, it would double the number of HARQ process can be transmitted in a cell. Considering the hardware limitation, it would likely limit the maximum number of HARQ process per cell, which could bring performance degradation. Also, for XR traffic and its requirement, TDD wouldn’t be a proper XR-specific scenario.
Observation 2: The proposed mechanism may degrade the performance due to practical hardware limitation. 
Observation 3: The proposed mechanism seems not XR-specific. 
Considering those point of view and the usefulness of the proposed mechanism, we think it should be discussed RAN2 since the main operations of the proposal are purely conducted in MAC layer and expected impact of PHY layer are the changes on the scheduling messages, like additional DCI fields. 
Proposal 9: It should be discussed by RAN2 whether to continue studying the mechanisms to enable HARQ retransmission of a TB on a different cell than the cell of the initial TB transmission for CA operation on TDD cells.


	Google
	This feature has great potential to improve latency and reliability by giving more flexibility for HARQ retransmissions in TDD mode for CA operation. 
Currently, a HARQ retransmission is restricted to be sent on the same carrier as the carrier of the initial transmission. Hence, it is not currently possible that an initial HARQ transmission is sent on one carrier and the HARQ retransmission is scheduled to be sent on another carrier. 
Relaxing this restriction is very helpful especially for CA in TDD mode where a retransmission may need to wait for an UL slot to be sent whereas an UL slot is available on another carrier. This will improve the transmission latency and hence the system capacity. 
One straightforward solution to put this in practice is to include a new DCI bit-field to signal to the UE the carrier on which the HARQ retransmission is taking place. 
Proposal 5: Support  HARQ retransmission of a TB on a different cell than the cell of the initial TB transmission for CA operation on TDD cells

Proposal 6: Introduce a new DCI bit-field to signal the carrier on which the HARQ retransmission is taking place.




3.1 Initial Discussion
Moderator’s suggestions for initial discussions:
· Q1: On evaluations and analysis:
· Discuss MTK’s evaluation results and your view on how the simulation results can motivate the support of the enhancement for UL.

· Q2: On the proposals:
· Discuss your view on Proposal 3-1 and indicate your preference.
Proposal 3-1: Select one of the following alternatives:
· Alt-1: Inform RAN2 via an LS that RAN1 identifies enabling an initial transmission and a retransmission of a TB on different cells is beneficial for XR capacity improvements. Request RAN2 to decide whether to consider support of common HARQ process pool among cells.

· Alt-2: Support common HARQ process pool among cells to enable HARQ retransmission of a TB on a different cell than the cell of the initial TB transmission for [UL] CA operation on TDD cells in XR agenda
· Alt-3: Deprioritize discussion on HARQ retransmission of a TB on a different cell than the cell of the initial TB transmission for CA operation on TDD cells in XR agenda.

· Q4: On correction and clarifications:
· Discuss any clarification/correction/comment/question on Moderator’s observations and suggestions or any other aspect helping the discussion and needed decisions.

Moderator recommends endorsing Alt-3.
· Alt-3: Deprioritize discussion on HARQ retransmission of a TB on a different cell than the cell of the initial TB transmission for CA operation on TDD cells in XR agenda.

Note: Please ensure the information provided in companies contributions are considered for discussions.
	Company
	Comment

	MTK
	Q1: We think there is no evident gain for DL capacity in our tdoc simulation results due to the reason that the TDD pattern is mostly DL slots (Ex. DDDSU, which is somehow close to DDDDU), which makes DL retransmission carrier switching gaining at most one slot benefit for PDB.
Q2: With our observation in Q1, we would prefer Alt 2.
Q3: Considering DL traffic is always heavy in XR, the TDD pattern may have more DL slots than UL slots. We do not have the chance (or simulation resource) to show the UL capacity gain with UL retransmission carrier switching, but we tend to think there can be some benefits for UL capacity.

	Nokia, NSB
	Q2: There were no gains shown with simulation results for ReTx on a different carrier as well as no results for reTx on a different cell. Following the approach, we agreed during this SI (capacity benefit need to be shown) we propose to downprioritize both: ReTx on a different carrier as well as ReTx on a different cell. Our preference is Alt 3 with modification:
Alt-3: Deprioritize discussion on HARQ retransmission of a TB on a different cell/carrier than the cell/carrier of the initial TB transmission for CA operation on TDD cells in XR agenda.

	Intel
	Q2: Alt – 3   We are not convinced that this is a XR specific issue, in particular whether for XR it is worth reducing latency by having same HARQ process pool. Moreover, there is considerable specification impact across RAN1 and RAN2. Moreover, UE and NW implementations may also be significantly impacted.


	ZTE, Sanechips
	We can discuss the evaluations and proposals in this meeting, the HARQ process interaction among multiple MAC entity should be further clarified.

	LG
	We share similar view to Nokia. 
Q2: It is difficult to discuss LS that “RAN1 identifies” unless the benefit of the mechasim has been justified. Given the propoals, we support Alt. 3. 

	Lenovo
	Q2: Alt-3
The issue seems not to be XR-specific (URLLC can have a similar problem?). It seems timeline aspects need to be checked (similar view as Ericsson). 

	CATT
	Q1: The gain of the system performance from MTK is negligible to have the complexity in cross carrier HARQ operation.
Q2: Deprioritize since there is no gain.

	OPPO
	Q2: Alt-1 or Alt-3. Given the impact to MAC layer procedure, we think even Alt-2 needs Alt-1 as a prerequisite. 
From MTK’s simulation results, we can see that cross-carrier DL retransmission has no evident gain, and we are not sure whether there will be a clear gain for UL.



3.2 Intermediate Discussion
Moderator recommends among three alternatives, endorse Alternative 3.
Proposaed conclusion 3-1: 
· Deprioritize discussion on HARQ retransmission of a TB on a different cell than the cell of the initial TB transmission for CA operation on TDD cells in XR agenda.
On simulation results by MTK:
· It is difficult to associate the simulation results in support or lack of the support for enhancements (no gain for DL, and dofficutl to directly relate that to uplink). Therefore, Moderator recommendation is to skip capturing simulation results by MTK.

Moderator’s suggestions for intermediate discussions:
Q1: Please indicate if there is serious concern with Moderator’s recommendation.
Q2: Please indicate if there is serious concern with Moderator’s recommendation regarding skipping capturing simulation results for this enhancement in TR.

	Company
	Comment

	Moderator
	No comments in this summary



3.2.1	2nd Online Session Discussion
Proposaed conclusion 3-1: 
· Deprioritize discussion on HARQ retransmission of a TB on a different cell than the cell of the initial TB transmission for CA operation on TDD cells in XR agenda.
3.2.2	Outcome of 2nd online session
The followings, were agreed/endorsed during online session:
Conclusion 3-1: 
· Deprioritize discussion on HARQ retransmission of a TB on a different cell than the cell of the initial TB transmission for CA operation on TDD cells in XR agenda.


4	MG enhancements
The following proposal was discussed during the last meeting with respect to enhancements based on measurement gaps. 
	Proposal 4-4-1 in RAN1#110b-e (R1-2210413):
· For further study the support of the enhancements on RRM to relax scheduling restriction for intra-frequency RRM without MGs and for inter-frequency RRM with MGs, consider at least the followings:
· Applicable scenarios and MG configurations
· Impact of the enhancements on RAN2 and RAN4 



Table C below lists short descriptions, and the proposals and observations in the contributions submitted in this meeting. For more detailed descriptions and discussions please refer to the corresponding companies’ contributions. 
Status of inputs in the contributions:
· Companies with view (8): Futurewei, HW/HiSi, Ericsson, vivo, Nokia/NSB, Samsung, QC, MTK
· Supportive (5): vivo, Nokia/NSB, Samsung, QC, MTK
· Not supportive/FFS (3): Futurewei, Hw/HiSi, Ericsson
· Capacity performance results (2): MTK, Nokia/NSB

Summary of Moderator’s observations:
Motivations:
Reasons for not to support:
· FW, Ericsson, HW/HiSi main concern: RRM measurement related enhancement is not a RAN1-led issue. Measurement-gap enhancement needs RAN4 involvement. It is unclear whether RAN4 has the capacity to handle this topic given their already very busy schedule.
Reasons for support:
· The proponents provided capacity performance gains by enabling scheduling relaxation during MGs
· The proponents have identified the impact on other working groups and are supportive of involving other WGs, in the design. The arrangement of the related work can be discussed in plenary, if the enhancement is recommended for the WI. 
Evaluations:
Nokia and MTK have provided capacity performance evaluation results, showing gain due to the proposed enhancement. The results can be captured in TR.
Proposed conclusion 4-1:
· The capacity gain performance results in R1-2210907 and R1-2212254 corresponding to enhancements on RRM measurement are captured in XR SI TR.

Enhancement techniques:
The following proposal can be used for discussions on support of the enhancements while the corresponding simulation results can be captured in TR.
Proposal 4-2: 
· Support enhancements on RRM to relax scheduling restriction for intra-frequency RRM without MGs and for inter-frequency RRM with MGs. Consider at least the following design solutions:
· For UEs that are configured with s-MeasureConfig for intra-frequency RRM, consider solutions based on UE-to-gNB signaling to inform the scheduler when scheduling restrictions apply due to  intra-freq measurements as per the s-MeasureConfig.
· For UEs configured with inter-frequency measurement gaps, consider solutions based on dynamic or semi-static indication to the UE to skip a measurement gap(s) to avoid scheduling restrictions.
· Involve RAN4 and RAN2 in the related work to ensure minimum or acceptable impact on RRM measurements and mobility performance. 

Table C: Summary of Contributions inputs for Section 4
	Company
	Contributions

	FW
	It is intuitively understandable that with measurement gap the system performance degrades for any traffic including XR traffic and reusing some of the resource configured for MG can potentially bring back some of the performance loss but at the same time degrades RRM measurement and mobility performance. Note that dynamic indication may not always work for example when the XR data arrives during the MG. In addition, questions like the proper configuration of the MG, applicable scenarios, and the impact to RRM measurement need to be answered and RAN2 and RAN4 may need to get involved.
Typical scenarios/configurations for measurement gap need to be considered for the study. It is unlikely that UE will be configured with measurement gap and provide seamless XR service simultaneously, because usually at this moment, inter-frequency measurement has higher priority. Furthermore, since the scenarios will be different from the scenarios agreed so far, new baseline and assumptions/scenarios need to be defined and agreed before investigating the proposals. In addition, the room of improvements is expected to be limited, one of the reasons being that the UE may handle XR traffic with a PDB of 10-15ms, which is much longer than the duration of measurement gap. 
Overall, RRM measurement related enhancement is not a RAN1-led issue. Measurement-gap enhancement needs RAN4 involvement. It is unclear whether RAN4 has the capacity to handle this topic given their already very busy schedule.
Based on the above analysis, we propose the following:
Proposal 3: For enhancement for measurement-gap, down prioritize this topic and reuse existing schemes as much as possible. New baseline and assumptions/scenarios need to be defined before investigating the proposals.


	HW/HiSi

	Enhancements by releasing scheduling restrictions during MG will affect RRM measurement. However, measurement procedures are defined in TS 38.133, which is handled by RAN4. Whether the impact on RRM measurement can be acceptable needs to be analyzed by RAN4. RAN1 should avoid a situation that spending quite some efforts defining a solution on MG, but may not be acceptable by RAN4 from RRM measurement perspective.
[bookmark: _Ref118404747]Proposal 3: RAN1 needs to consult RAN4 on the feasibility of transmitting data during measurement gaps before diving into detailed solutions.


	Ericsson
	We believe that optimization to relax scheduling restrictions would be challenging. When it comes to simulations provided by proponent companies, we would like to ask several questions:
· In general, how other parameter settings impact XR capacity, e.g., shorter MGs or shorter SMTC windows?
· In case of signalling from UE to gNB on usage of measurement periods:
· How would UE signalling preparation delay and scheduling delay impact the XR performance? 
· Can it be so that UE will always measure and never skip measurements?
· Can the same functionality be achieved already now if gNB does RRC reconfiguration based on available measurements and turn on/off measurement gaps when needed?
· In case of signalling from gNB to UE on skipping measurements:
· If some measurement periods are skipped, how would impact measurement accuracy in the first order and mobility performance in the second order, e.g., handover success rate, radio link failure in handover?
· How would signalling design impact XR performance?

We again 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 study of potential enhancement of RAN4 specification should involve RAN4 group. Also, RRM procedures are defined in TS 38.321 specification handled by RAN2. RAN1 can only provide available simulation results and recommend to RAN2 and RAN4 to study potential enhancements further. Since RAN4 was not included in Rel-18 XR SI, such studies go beyond agreed Rel-18 scope and allocated resources. However, proper study involving all needed groups can be done in future.
[bookmark: _Toc118724073]RAN1 can recommend to RAN2 and RAN4 to study in future a need and possibility for potential improvements at least for some scenarios on scheduling restrictions due to measurements.


	Vivo
	From our perspective, based on the common principles for assessing candidate capacity enhancement technique agreed during RAN1#109-e meeting, if potential enhancements to relax scheduling restrictions due to RRM measurements can show significant capacity performance gain for XR traffic by proper evaluation results based on agreed simulation assumptions, naturally they can be considered in discussion on XR capacity enhancement. 
For low-mobility scenarios, a UE does not need all the configured SMTCs or MGs for RRM measurements, therefore the existing scheduling restrictions would degrade the system capacity and user experience in such scenarios. Relaxing the scheduling restrictions would be beneficial for further capacify improvements with no or limited mobility performance impact. 
Proposal 4: For Rel-18 XR WI, recommend relaxation of scheduling restrictions for intra-frequency RRM without MGs and for inter-frequency RRM with MGs, targeting minimized mobility performance impact. 


	Nokia/NSB
	[bookmark: _Ref115268037][bookmark: _Ref115097251]UE based scheduling restrictions avoidance

[image: ]
Figure 1. Sketch of timing of SMTC windows with scheduling restrictions as well as arrival of XR frames.
Observation 1: Scheduling XR users with 60 fps according to the agreed QoS constraints in 3GPP TR 38.838 is seriously challenged for FR2 if subject to scheduling restrictions with SMTC windows of 5 ms every 20 ms time-period. System-level performance results confirm that this severely impacts network XR capacity.
	[image: ]
(a) CG in FR2 at 30Mbps with X=99%
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(b) AR/VR in FR2 at 30Mbps with X=99%


Figure 2. Percentage of satisfied XR users obtained from system-level simulations for DU at FR2 with 30 Mbps and PDBs of 10ms and 15 ms, with/without scheduling restrictions during SMTC windows of 5 ms for every 20 ms time period.

Observation 2: If the network has configured the s-MeasureConfig threshold (as per current specs) allowing the UE not to perform measurements on non-serving cells, there may be unused scheduling opportunities in those cases where the UE is not performing intra-frequency measurements, but the network is not aware of this, and hence obeys the defined scheduling restrictions.
Proposal 4: For Ues that are configured with s-MeasureConfig, additional UE-to-gNB signaling shall be introduced to make the gNB scheduler aware of when scheduling restrictions apply. The solution may include signaling when the UE starts and stops making intra-freq measurements as per the s-MeasureConfig.
As UE evaluated the s-MeasureConfig against its L3 filtered serving cell measurement, the proposed UE-2-gNB signaling does not necessary need to be very fast, and hence higher-layer signaling could be considered depending on RAN2 views as follows:
Proposal 5: The UE-to-gNB signaling to make the gNB scheduler aware of when s-MeasureConfig induced scheduling restrictions apply could be realized with higher-layer signaling such MAC CE or RRC signaling. RAN2 shall be asked for further guidance.

[bookmark: _Ref115097241]Network based scheduling restrictions avoidance due to inter-freq meas. Gaps
Observation 3: Ues that are configured with gap-assisted inter-frequency measurements are not schedulable during such gaps, and hence will impact the XR performance negatively as also reported in Section 3.1.
Observation 4: Inter-frequency measurement gaps are configured more seldomly for Ues as compared to intra-frequency RRM measurements (SMTC windows), and hence the problems associated with intra-freq RRM measurements (i.e., scheduling restrictions) shall be addressed first as discussed in Section 3.1.
Proposal 6: For Ues configured with inter-frequency measurement gaps, solutions where the gNB can signal the UE to skip a measurement gap (to avoid scheduling restrictions) shall be captured in the TR. The gNB-2-UE signaling for this may be realized via a compact DCI format to have fast signaling (RAN1 impact).
Proposal 7: FR2 solutions for the gNB to instruct the UE to prioritize PDCCH/PDSCH decoding during a sub-set of SMTC windows shall be captured in the TR such that XR payloads can be scheduled timely without unnecessary scheduling restrictions.
Proposal 8: The gNB could use RRC signaling to instruct the UE with a time pattern where it always will have to prioritize PDCCH/PDSCH decoding even if colliding with an SMTC window. RAN1 should ask RAN2’s opinion on this.
Proposal 9: Fast on-demand signaling from the gNB to UE to instruct it to prioritize PDCCH/PDSCH decoding during the next SMTC window shall be supported by means of PDCCH signaling. This involves RAN1 effort to have such PDCCH signaling standardized.
Proposal 10: If a L1 RRM measurement in a measurement gap or SMTC window is skipped due to prioritization of PDCCH/PDSCH, the latest L1 RRM measurement is forwarded to the L3 filter at RRC. During the Rel-18 XR WI phase, it should be checked with RAN4 if any impact on e.g., 3GPP TS 38.133 from adopting this proposal.

Summary of mechanism related to scheduling restrictions due to RRM measurements
The proposed mechanism related to scheduling restrictions due to RRM measurements can be summarized as below. Note that to have those anchored in specifications during the Rel-18 XR WI phase, both RAN1 and RAN2 need to be involved, and also RAN4 needs to be asked if any impact on e.g., 3GPP TS 38.133.
	Mechanism to overcome scheduling restrictions due to RRM measurements
Scheduling restrictions apply for the Ues during time-intervals where it is performing intra-frequency RRM measurements at FR2, or gap assisted inter-frequency RRM measurements as defined in 3GPP TS 38.133. Such scheduling restrictions are shown to be harmful for the XR performance, leading to significant drops in the supported XR capacity. This is e.g., the case for XR users with 60 fps according to the agreed QoS constraints in 3GPP TR 38.838, where such scheduling restrictions with SMTC windows of 5 ms every 20 ms time-period. System-level performance results confirm that this severely impacts network XR capacity. This problem can be solved by allowing the gNB to configure the UE with time-mask where it shall always prioritize PDCCH/PDSCH decoding and/or PUSCH transmission in line with XR traffic, even if colliding with SMTC windows. Such gNB-2-UE signaling could be realized with RRC, i.e., RAN2 impact. 
For Ues that are configured with s-MeasureConfig, additional UE-to-gNB signaling shall be introduced to make the gNB scheduler aware of when scheduling restrictions apply. The solution may include signaling when the UE starts and stops making intra-freq measurements as per the s-MeasureConfig. The UE-to-gNB signaling to make the gNB scheduler aware of when s-MeasureConfig induced scheduling restrictions apply could be realized with higher-layer signaling such MAC CE or RRC signaling, i.e., RAN2 impact.
For Ues configured with inter-frequency measurement gaps, solutions where the gNB can signal the UE to skip a measurement gap shortly before that happening (to avoid scheduling restrictions) are desirable as well. The gNB-2-UE signaling for this may be realized via a compact DCI format to have fast signaling (RAN1 impact).
If a L1 RRM measurement in a measurement gap or SMTC window is skipped due to prioritization of PDCCH/PDSCH, the latest L1 RRM measurement is forwarded to the L3 filter at RRC. Adopting such a rule for L1/L3 RRM filtering will likely impact 3GPP TS 38.133 that is under RAN4 responsibility.




	Samsung
	
MG configuration is required to support mobility and for a UE to identify a best serving cell but causes suspension of communication in order for the UE to perform measurements such as for intra/inter-frequency handover and, in FR2, for beam management. For latency sensitive services associated with quasi-stationary Ues, such as for industrial IOT, surveillance cameras, etc., MG configuration can be avoided or can be infrequently configured. For XR applications supporting mobility, MG configuration is necessary and it is then unavoidable that XR service would be occasionally interrupted during a MG period as corresponding measurements have higher priority than PDSCH receptions or PUSCH transmissions (expect for ones associated with a random access procedure). Also, similar to C-DRX periodicity values in Rel-17, MG periodicity values are integers and a MG periodicity cannot align with the non-integer XR traffic periodicity. 

[bookmark: OLE_LINK3][bookmark: OLE_LINK4]The root of the problem whichs whichn the RRC configuration of MG periods whichh cannot avoid overlapping with the dynamic nature of XR PDU set arrivals and scheduling. DCI-based indication of MG periods can avoid such overlapping, for example when a MG is triggered after a last packet of a PDU set is delivered, and can therefore avoid degrading XR capacity/QoS. An impact on UE complexity and testing is expected to be marginal and the same holds for an impact on RAN1 specifications. Therefore, it would be beneficial to consider mechanisms that avoid overlapping between scheduling of XR packets and MG periods.

Proposal 3: Consider mechanisms to avoid overlapping between scheduling of XR packets and MG periods. 



	QC
	[bookmark: o10]Observation 8: In R15/16/17 MG operation, all configured MGs are always activated with a higher priority than PDSCH and PUSCH except Msg2/3/4/A/B, which may cause a frequent XR traffic interruption and highly degrade the user experience.
[image: Diagram
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[bookmark: _Ref101850716]Figure 15 XR DL traffic interrupted by measurement gaps
[bookmark: o11]Observation 9: When CDRX is configured with MG, UE may enter the inactivity state during MG, and the remained packets should be buffered and delivered when the next DRX on-duration cycle starts.
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[bookmark: _Ref101904252]Figure 16 DRX inactivity state during measurement gaps due to DRX inactivity timer expiration
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[bookmark: _Ref101904254]Figure 17 DRX inactivity state during measurement gaps due to DRX on-duration timer expiration
[bookmark: p14][bookmark: p13]Proposal 13: For XR traffic, MG should be enhanced by handling the priority of data packets or dynamically activating/deactivating the MG occasions from gNB.


	MTK
	In 5G NR system, measurement gaps are configured to allow UE to do inter-frequency neighbour cell measurement and the corresponding RF tuning for RRM purposes (e.g. mobility, load balancing, CA set-up). MG is a feature specific to mobile network, which is different from WiFi. In measurement gap, NW cannot schedule UE to transmit/receive data. 

	Gap Patterns: 
· MGL: more values to accommodate
· Different SMTC durations (1,2,3,4,5 ms)
· Different RF switch time for FR1 (0.5ms) and FR2 (0.25ms)

Note: GP stands for Gap pattern
	[image: ]


Figure 1. Possible measurement gap length (MGL) and Measurement gap repetition period (MGRP) values in 5G NR

[image: ]
Figure 2: An example for measurement gap configuration
[bookmark: _Hlk101345735][image: ]
[bookmark: _Ref101358358][bookmark: OLE_LINK97]Figure 3: Capacity – max user number with (90% User @ “99% frame Tx done < 10ms”)

[bookmark: OLE_LINK808][bookmark: OLE_LINK115]Observation 1: In 5G NR system, measurement gaps (MG) are configured to allow UE to do inter-frequency neighbour cell measurement and the corresponding RF tuning for RRM purposes (e.g. mobility, load balancing, CA set-up). MG is a feature specific to mobile network, which is different from WiFi. In measurement gap, NW cannot schedule UE to transmit/receive data.
· System level simulation in Figure 3 shows that
· XR DL Capacity falls from 10 (no MG) to less than 2 (MGRP=80, MGL=6) and less than 1 (MGRP=40, MGL=6), if all Ues are configured with MG
· XR DL Capacity falls from 10 (no MG) to 6 (MGRP=80, MGL=6) and less than 2 (MGRP=40, MGL=6), if only the 20% cell-edge Ues are configured with MG
· The capacity loss is much more than 20%
[bookmark: OLE_LINK104]Observation 2: It should be exploited to enhance measurement gap for XR with orchestrated gNB/UE coordination, say more dynamic NW-controlled MG activation/deactivation or MG setting (including duration and period) change
· current spec only allows RRC reconfiguration to change the MG settings or enable/disable MG.
Proposal 1: Support a more dynamic NW-controlled DCI/MAC-CE based MG activation/deactivation or MG setting (including duration and period) change for XR capacity enhancement. 
[bookmark: OLE_LINK94][bookmark: OLE_LINK96]Observation 3: From NW side, the Rel-16/Rel-17 defined RRM relaxation criteria
· lowMobilityEvaluation or not-at-cell-edge criteria defined in 5G NR Rel-16
· stationary or not-at-cell-edge criteria defined in 5G NR Rel-17
and the link condition can be used to determine how to do the MG activation/deactivation.
[image: ]
[bookmark: OLE_LINK798]Figure 4: DL Capacity – max user number with (90% User @ “99% frame Tx done < 10ms”) with MG enhancement (Case 1 & Case 2)

[bookmark: OLE_LINK761][bookmark: OLE_LINK809]Observation 4: Assuming NW can dynamically change the MG period using some link condition criteria (Case 1 and Case 2 described below), SLS results (mobility simulation is based on 30km/h UE speed and FR1 with 200m ISD) in Figure 4 show that with Rel-15 mandatory gap pattern (GP) 0
· [bookmark: OLE_LINK100]The XR capacity increases from 2 to 6 under Case 1
· The XR capacity increases from 2 to 8 under Case 2
where
· Case 1: The MG period is adapted to be 2 times when Pcell RSRP is 2dB better than the best neighbor cell and 4 times when Pcell RSRP is 4dB better than the best neighbour cell
· Performance impact (handover fail rate): 2.08%  2.81%
· Case 2: The MG period is adapted to be 4 times when Pcell RSRP is 2dB better than the best neighbor cell and 8 times when Pcell RSRP is 4dB better than the best neighbour cell
· Performance impact (handover fail rate): 2.08%  4.37%
[bookmark: OLE_LINK746]Applicable scenarios and MG configurations
[bookmark: OLE_LINK773]Observation 5: MG enhancement is most applicable to XR application (see Observation ¼). XR capacity suffers from large degradation due to the very tight delay budget (say 10ms) and large data size.
· For eMBB, the PDB is normally about 800ms, and the impact of MG pattern 0 is less than 15% (6/40) on throughput.
· For URLLC, the delay budget is also very small. However, URLLC normally does not require mobility (say sensor) and is targeting a lower data rate than eMBB; hence MG does not have such large impact
[bookmark: OLE_LINK774][bookmark: OLE_LINK789][bookmark: OLE_LINK791][bookmark: OLE_LINK792]As 5G NR is a mobile network, MG is necessary under some mobility scenarios. Moreover, in [3], Nokia mentions FR2 SMTC scheduling restriction due to beam-based intra-frequency RRM measurements which also has strong impact on XR capacity. In 38.133 [4] Section 9.5.6.3, for FR2 L1-RSRP measurement based on SSB, the scheduling restriction is described by “The UE is not expected to transmit PUCCH/PUSCH/SRS or receive PDCCH/PDSCH/CSI-RS….” As copied below. Typical network configures SMTC windows of 5 ms every 20 ms (aligned to SSB periodicity), meaning that this imposes serious scheduling restrictions (25% of the time) which degrades XR capacity similar to our analysis in Section 2.1. To support XR with mobile user or FR2 user, an enhancement to scheduling availability for MG/SMTC seems important.
            38.133 [4] Section 9.5.6.3
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[bookmark: OLE_LINK776][bookmark: OLE_LINK782]Observation 6: As 5G NR is a mobile network, MG is necessary under some mobility scenarios. Moreover, in [3], Nokia mentions FR2 SMTC scheduling restriction due to beam-based intra-frequency L1-RSRP measurements which also has strong impact on XR capacity. In 38.133 [4] Section 9.5.6.3, for FR2 L1-RSRP measurement based on SSB, the scheduling restriction is described by “The UE is not expected to transmit PUCCH/PUSCH/SRS or receive PDCCH/PDSCH/CSI-RS….” As shown above. Typical network configures SMTC windows of 5 ms every 20 ms (aligned to SSB periodicity), meaning that this imposes serious scheduling restrictions (25% of the time) which degrades XR capacity similar to our analysis in Section 2.1. To support XR with mobile user or FR2 user, an enhancement to scheduling availability for MG/SMTC seems important.

[bookmark: OLE_LINK785][bookmark: OLE_LINK784]Observation 7: On applicable scenarios for MG/SMTC scheduling availability enhancement, it can be XR applications with mobility demands. For example, cloud gaming on bus, AR applications with mobile users (say pokemon go).
[bookmark: OLE_LINK682]RAN4 impact analysis
[bookmark: OLE_LINK793][bookmark: OLE_LINK810]Observation 8: During RAN1 #110-bis-e [2, Sec 4.4.3], some companies mention concerns on RAN4 impact like:
· It is not right for RAN1 to conclude on something without RAN4’s involvement
· This needs discussion and expertise from RAN2 and RAN4, especially RAN4
Since new 5G features can have impact on multiple RAN working groups, there needs to be one WG doing the evaluation and recommendation first. For MG/SMTC scheduling availability enhancement, we think RAN1 is the proper WG to do this job with extensive experience on XR capacity analysis in R17/R18. Whether RAN4 needs to be involved in WI phase can be discussed in RAN.

            38.133 [4] Section 8.19 
[image: ]

[bookmark: OLE_LINK795]Observation 9: In Rel-17, RAN4 was working on BWP based MG enhancement to address the issue of MG for intra-band measurement where the active BWP does not contain the SSB. The MG can be turned on when UE switches to a BWP which does not contain SSB, and turned off when UE switches to a BWP which contains SSB. The basic functionality is described in 38.133 [4] Section 9.1.7 “Pre-configured measurement gap”. Its requirement is described in 38.133 [4] Section 8.19 “Pre-configured measurement gap activation/deactivation delay” as copied above.

Observation 10: It seems dynamic MG activation/deactivation would not impose strong efforts to RAN4 with the experience from R17.  RAN4 can step in later to define requirements after RAN1/RAN2 finish the design, just like other RAN1/RAN2 features.




4.1 Initial Discussion
Moderator’s suggestions for initial discussions:
· Q1: On evaluations:
· Indicate whether the proposed conclusion 4-1 can be endorsed.
Proposed conclusion 4-1:
· The capacity gain performance results in R1-2210907 and R1-2212254 corresponding to enhancements on RRM measurement are captured in XR SI TR.

· Q2: On the proposals:
· Discuss your view on Proposal 4-2 and indicate your preference, including suggestions for improvements in case of support.

Proposal 4-2: 
Support enhancements on RRM to relax scheduling restriction for intra-frequency RRM without MGs and for inter-frequency RRM with MGs. Consider at least the following design solutions:
· For UEs that are configured with s-MeasureConfig for intra-frequency RRM, consider solutions based on UE-to-gNB signaling to inform the scheduler when scheduling restrictions apply due to  intra-freq measurements as per the s-MeasureConfig.
· For UEs configured with inter-frequency measurement gaps, consider solutions based on dynamic or semi-static indication to the UE to skip a measurement gap(s) to avoid scheduling restrictions.
· Involve RAN4 and RAN2 in the related work to ensure minimum or acceptable impact on RRM measurements and mobility performance. 

· Q3: On correction and clarifications:
· Discuss any clarification/correction/comment/question on Moderator’s observations and suggestions or any other aspect helping the discussion and needed decisions.

Note: Please ensure the information provided in companies contributions are considered for discussions.
	Company
	Comment

	MTK
	Q1: Yes (support).
Q2: We support Proposal 4-2. According to the experience of R16 RRM relaxation, having RAN2 and RAN4 doing the RRM related enhancement simultaneously creates some inefficiency due to frequent inter-group understanding check. Hence, we would suggest to involve RAN4 in this enhancement first, considering RAN4 has done some measurement gap enhancement in R17.
Q3: We tend to think whether RAN4 has capacity is RAN issue and can be resolved later. RAN1 should first focus on whether the technique provides capacity gain for XR application. To us, the capacity gain is clear. We also want to quote Samsung’s comment which quite makes sense to us:
· The root of the problem is in the RRC configuration of MG periods which cannot avoid overlapping with the dynamic nature of XR PDU set arrivals and scheduling. DCI-based indication of MG periods can avoid such overlapping, for example when a MG is triggered after a last packet of a PDU set is delivered, and can therefore avoid degrading XR capacity/QoS. An impact on UE complexity and testing is expected to be marginal and the same holds for an impact on RAN1 specifications. Therefore, it would be beneficial to consider mechanisms that avoid overlapping between scheduling of XR packets and MG periods.

	Nokia, NSB
	Q1: We support including the results into TR. The schemes were extensively discussed during the whole SI and corresponding capacity gains have been shown by proponents.
Q2: We support Proposal 4-2 with small modification:
Proposal 4-2: 
Support enhancements on RRM to relax scheduling restriction for intra-frequency RRM without MGs and for inter-frequency RRM with MGs. Consider at least the following design solutions:
· For UEs that are configured with s-MeasureConfig for intra-frequency RRM, consider solutions based on UE-to-gNB signaling to inform the scheduler when scheduling restrictions apply due to  intra-freq measurements as per the s-MeasureConfig.
· For UEs configured with inter-frequency measurement gaps, consider solutions based on dynamic or semi-static indication to the UE to skip a measurement gap(s) to avoid scheduling restrictions.
· For UEs configured with SMTC induced scheduling restrictions in intra-frequency at FR2, consider solutions based on dynamic or semi-static indication to the UE to prioritize decoding of potentially critical PDCCH/PDSCH transmissions during SMTC windows. 
· Involve RAN4 and RAN2 in the related work to ensure minimum or acceptable impact on RRM measurements and mobility performance. 
Main concern from companies, that RAN4 involvement is needed – is addressed by the last bullet, where RAN can assign some TU allocation to RAN4. 
We also would like to highlight that the first bullet, where measurements are skipped by UE due to high RSRP level of current cell is already supported by RAN4, so no modification to current RAN4 requirements is needed in that regard. UE will only need to indicate those opportunities to gNB.

	Intel
	Q1: Ok to capture results. 
Q2: This seems to have cross-WG impact. Moreover, handling of scheduling and MGs are more implementation issue than standard issue since the measurement gap and the XR resource allocations are controlled by the gNB.  

	Huawei, HiSilicon
	Q1: OK.
Q2/Q3: 
Firstly, we are open for enhancements to relax scheduling restriction due to RRM measurments if it is feasible from RAN4/RAN2 perspective. At this stage, since RAN4/RAN2 are not involved yet, it seems pre-mature to say “Support enhancements …”.

Secondly, if RAN1 really wants to study MG issue, comprehensive study should be considered.
E.g., in addition to intra-frequency RRM without MGs and inter-frequency RRM with MGs, the inter-RAT/network RRM with MUSIM gaps should also be considered. In NR Rel-17 specification, gap patterns particularly for MUSIM purpose, e.g, MUSIM gap, are introduced for cell identification and measurement, paging monitoring, SIB acquisition, and/or on-demand SI request of the target cell in the target network (refer to clause 9.1.10 TS 38.133). For XR service, it is very likely that an XR UE could be a MUSIM device (e.g. dual USIM device), e.g., multiple subscriptions in one device for different services.

Thirdly, in addition to dynamic or semi-static indication, the prioritization-based methods can also be considered, which has been adopted to handle the scheduling restriction due to RRM within the DL PRS processing window (as shown in clause 5.1.6.5 in TS 38.214). The similar idea may be applied to MG and can be further studied. It is preferred to reuse the existing mechanism as much as possible to minimize the spec impact. In addition, to reduce the impact on RRM measurements and mobility performance, skipping partial MG instead of the whole MG occasion(s) worths further studied.
	Copied from clause 5.1.6.5 in TS 38.214
…, the UE determines the DL PRS priority as indicated by higher layer parameter priority subject to UE capability or as implied by UE capability: 
-	with value ‘st1’ where the DL PRS is higher priority than all the DL signal/channels except SSB, or 
-	with value ‘st2’ where the DL PRS is lower priority than PDCCH and the PDSCH scheduled by DCI formats 1_1 or 1_2 with the priority indicator field in the corresponding DCI format set to 1, and is higher priority than other DL signals/channels except SSB, or
-	with value ‘st3’ where the DL PRS is lower priority than all the DL signals/channels except SSB.



Hence, we propose the following red changes to the proposal.
In addition, the last sub-bullet should be in the same level of main bullet.
==
Proposal 4-2: 
Support enhancements In WI phase, RAN1 can consider whether or not to specify on RRM to relax scheduling restriction for intra-frequency RRM without MGs and for inter-frequency RRM with MGs, and MUSIM gap. Consider at least the following design solutions:
· For UEs that are configured with s-MeasureConfig for intra-frequency RRM, consider solutions based on UE-to-gNB signaling to inform the scheduler when scheduling restrictions apply due to  intra-freq measurements as per the s-MeasureConfig.
· For UEs configured with inter-frequency measurement gaps and/or MUSIM gap, consider solutions based on dynamic or semi-static indication to the UE, or based on prioritization rule, to skip all or part a measurement gap(s) to avoid scheduling restrictions.
Involve RAN4 and RAN2 in the related work to ensure minimum or acceptable impact on RRM measurements and mobility performance. 


	LG
	Q1: Support to capture the result. 
Q2: We think RAN1 is not the best place to discuss this issue. The issue, side effect and the solution are related to RAN4, and the benefit is only related to RAN1. 

	Lenovo
	RAN4 should be involved (impact on mobility as well as typical measurement configuration needed for XR user). 

	CATT
	Q1:  We are OK to capature all results in the TR
Q2: This is an implementation issue to be avoided.  It is very uncommon to have the network measurement gap configuration for inter-frequency measurement, which is mainly for inter-frequency handover, when the XR traffic is running at the same carrier.

	OPPO
	Q1: Ok to capture the results in TR. 
Q2: Given the importance of study and confirmation from RAN4 and RAN2, we think it is premature to claim now the support of the feature. 



4.2 Intermediate Discussion
Updated views based on companies’ inputs:
· Supportive (6): vivo, Nokia/NSB, Samsung, QC, MTK,HW/HiSi
· Not supportive/FFS (4+[2]): Futurewei, Ericsson, CATT, Intel, [LG], [Lenovo?]

Based on the feedback, three main comments were made:
· Not state “Support..” due to impact of other working groups (HW/HiSi, OPPO,..)
· Add few missing cases for FR2 (Nokia)
· Include MUSIM (HW/HiSi)
· Include prioritization-based solution (HW/HiSi)

Based on the comments, Moderator suggests considering the updated Proposal 4-2-a below for discussion:
Proposal 4-2-a: 
Support RAN1 considers that the enhancements on RRM to relax scheduling restriction for intra-frequency RRM without MGs and for inter-frequency RRM with MGs, and for MUSIM gap, are beneficial for improving XR capacity. Consider at least the The following design solutions are considered to enable the enhancements:
· For UEs that are configured with s-MeasureConfig for intra-frequency RRM, consider solutions based on UE-to-gNB signaling to inform the scheduler when scheduling restrictions apply due to  intra-freq measurements as per the s-MeasureConfig.
· For UEs configured with inter-frequency measurement gaps and/or MUSIM gaps, consider solutions based on dynamic and/or semi-static indication to the UE and/or based on prioritization rule, to skip one or multiple measurement gap(s) to avoid scheduling restrictions.
· For UEs configured with SMTC induced scheduling restrictions in intra-frequency at FR2, consider solutions based on dynamic or semi-static indication to the UE to prioritize decoding of potentially critical PDCCH/PDSCH transmissions during SMTC windows. 
· Involve RAN4 and RAN2 in the related work to ensure minimum or acceptable impact on RRM measurements and mobility performance. 

Proposed conclusion 4-1:
· The capacity gain performance results in R1-2210907 and R1-2212254 corresponding to enhancements on RRM measurement are captured in XR SI TR.

Moderator’s suggestions for intermediate discussions:
· Q1: Discuss your view on Proposal 4-2-a and indicate your preference, including suggestions for improvements in case of support.

· Q2: Please indicate if there is any concern to endorse proposed conclusion 4-1.

	Company
	Comment

	LG
	Q1: Regarding to Proposal 4-2-a, if measurement gap is considered, it would be better to state the all case of measurement which makes scheduling restriction, otherwise to state none to include all of cases that we haven’t catched. We think measurement gap for PRS should be considered at least since the PRS measurement is longer than other measurement so it would have considerable impact on the capacity performance. 
Regarding the listed solutions, listed design of solutions seems not corresponding to cases where the scheduling restricstion happens. We prefer to discuss solution itself and to have separated discussion on whether to have different solution per different cases. We suggest following modifications

Proposal 4-2-a modified by LG: 
Support RAN1 considers that the enhancements on RRM to relax scheduling restriction for intra-frequency RRM without MGs and for inter-frequency RRM with MGs, and for MUSIM gap and for PRS measurement, are beneficial for improving XR capacity. Consider at least the The following design solutions are considered to enable the enhancements:
· Solution based on UE-to-gNB dynamic and/or semi-static indication to inform the scheduler when scheduling restrictions apply
· Solution based on prioritization rule for UE to prioritize decoding of potentially critical transmissions
· FFS: whether to adopt different solutions per different cases
· UEs that are configured with s-MeasureConfig for intra-frequency RRM, consider solutions based on UE-to-gNB signaling to inform the scheduler when scheduling restrictions apply due to  intra-freq measurements as per the s-MeasureConfig.
· For UEs configured with inter-frequency measurement gaps and/or MUSIM gaps, consider solutions based on dynamic and/or semi-static indication to the UE and/or based on prioritization rule, to skip one or multiple measurement gap(s) to avoid scheduling restrictions.
· For UEs configured with SMTC induced scheduling restrictions in intra-frequency at FR2, consider solutions based on dynamic or semi-static indication to the UE to prioritize decoding of potentially critical PDCCH/PDSCH transmissions during SMTC windows. 
· Involve RAN4 and RAN2 in the related work to ensure minimum or acceptable impact on RRM measurements and mobility performance. 


	Moderator
	Based on the comments, the following two vairants of the proposal are considered to discuss different variants at the offline session.

Proposal 4-2-a: 
RAN1 considers that the enhancements on RRM to relax scheduling restriction for intra-frequency RRM without MGs in FR2 and for inter-frequency RRM with MGs, and for MUSIM gap, are beneficial for improving XR capacity. The following design solutions are considered to enable the enhancements:
· For UEs that are configured with s-MeasureConfig for intra-frequency RRM, consider solutions based on UE-to-gNB signaling to inform the scheduler when scheduling restrictions apply due to intra-freq measurements as per the s-MeasureConfig.
· For UEs configured with inter-frequency measurement gaps and/or MUSIM gaps, consider solutions based on dynamic and/or semi-static indication to the UE and/or based on prioritization rule, to skip a measurement gap(s) partly or completely to avoid scheduling restrictions.
· For UEs configured with SMTC induced scheduling restrictions in intra-frequency at FR2, consider solutions based on dynamic or semi-static indication to the UE to prioritize decoding of potentially critical reception of PDCCH/PDSCH transmissions during SMTC windows, if applicable. 
· RAN4 and RAN2 involvement in the related work is recommended by RAN1 to ensure minimum or acceptable impact on RRM measurements and mobility performance

Proposal 4-2-a modified by LG: 
RAN1 considers that the enhancements on RRM to relax scheduling restriction for intra-frequency RRM without MGs and for inter-frequency RRM with MGs, and for MUSIM gap and for PRS measurement, are beneficial for improving XR capacity.  The following design solutions are considered to enable the enhancements:
· Solution based on UE-to-gNB indication to inform the scheduler when scheduling restrictions apply
· Solution based on prioritization rule for UE to prioritize decoding of potentially critical reception of DL transmissions, if applicable.
· FFS: whether to adopt different solutions per different cases
· RAN4 and RAN2 involvement in the related work is recommended by RAN1 to ensure minimum or acceptable impact on RRM measurements and mobility performance


	
Moderator
	Summary of offline discussion:
· A set of companies not in favor of endorsing the enhancement:
· Scenarios not critical
· Can be handled by implementation
· More RAN4/RAN2 related and RAN1 not in position to recommend
· A set of companies in favor of endorsing the enhancement
· Some are not supporting of MUSIM and PRS scenarios.
· Suggested to simplify the proposal and not include the solutions.


Proposal 4-2-b
RAN1 considers that the enhancements on RRM to relax scheduling restriction for intra-frequency RRM without MGs in FR2 and for inter-frequency RRM with MGs, [and for MUSIM gap] [and for PRS measurement], are beneficial for improving XR capacity.  
· RAN4 and RAN2 involvement in the related work is assumed by RAN1 to ensure 	minimum or acceptable impact on RRM measurements and mobility performance

· Not support: FW, CATT, Apple, ZTE, Intel
· Support: Nokia (without MUSIM and PRS), OPPO (without PRS), Samsung, QC, MTK, HW/Hisilicon, LG




4.2.1	2nd Online Session Discussion
Proposed conclusion 4-1:
· The capacity gain performance results in R1-2210907 and R1-2212254 corresponding to enhancements on RRM measurement are captured in XR SI TR.

Proposal 4-2-b
RAN1 considers that the enhancements on RRM to relax scheduling restriction for intra-frequency RRM without MGs in FR2 and for inter-frequency RRM with MGs, [and for MUSIM gap] [and for PRS measurement], are beneficial for improving XR capacity.  
· RAN4 and RAN2 involvement in the related work is assumed by RAN1 to ensure 	minimum or acceptable impact on RRM measurements and mobility performance

· Not support: FW, CATT, Apple, ZTE, Intel
· Support: Nokia (without MUSIM and PRS), Samsung, QC, MTK, HW/Hisilicon, LG

4.2.2	Outcome of 2nd online session
The followings were endorsed during the online session:
Conclusion 4-1:
· The capacity gain performance results in R1-2210907 and R1-2212254 corresponding to enhancements on RRM measurement are captured in XR SI TR.

Conclusion
No consensus on the following:
Enhancements on RRM to relax scheduling restriction for at least for intra-frequency RRM without MGs in FR2 and for inter-frequency RRM with MGs 

5	Other DG and CG enhancements
Topic 1: BSR enhancements or delay aware scheduling enhancements
Few companies (HW/HiSi, ZTE/Sanechips, CATT) have provided simulation results for these enhancements where the potential design falls within RAN2 scope. Moderator suggests to capture the corresponding simulation results in the TR by endorsing the followings: 

Proposed conclusion 5-1: 
· The capacity gain performance results in R1-2210907 (Huawei/HiSilicon) corresponding to enhancements based on UL delay aware scheduling are captured in XR SI TR.

Proposed conclusion 5-2: 
· The capacity gain performance results in R1-2211906 (ZTE/Sanechips) and R1-2211175 (CATT) corresponding to BSR enhancements are captured in XR SI TR.

Topic 2: XR-specific PDCCH monitoring window (XR-PMW)
This enhancement was discussed during the previous meeting. The scheme is similar to CG+DG discussed in section 2 with the difference that XR-specific PDCCH can be monitored during DRX off. Moderator observes similarly to the previous meeting that SU-MIMO is used as baseline for evaluations, but MU-MIMO is used for enhancement schemes. It is not clear if the capacity gain due to MU-MIMO. CATT RAN1#109-e R1-2206385 shows with MU-MIMO as baseline, there is no capacity gain for enhancements but power saving gain. Moderator suggests to capture the corresponding simulation results in the TR by endorsing the following and discuss whether to support this enhancement:
Proposed conclusion 5-3: 
· The capacity gain performance results in R1-2211175 (CATT) corresponding to enhanced CG+DG scheme are captured in XR SI TR.
· Note: SU-MIMO is used for baseline and MU-MIMO for the proposed enhancement.

Topic 3: XR-specific playoutDelayForMediaStartup for XR awareness scheduling
CATT has proposed playoutDelayForMediaStartup scheme to enhance XR capacity performance. With respect to L1 impact, CATT states:
· Proposal 10: The L1 procedure of PDCCH monitoring control in the period of the extended delay budget for XR scheduling should be specified along with the PDCCH monitoring reduction techniques and the UE report of the XR-specific playoutDelayForMediaStartup. 
It is still not clear to Moderator the L1 impact and needs further discussion. This enhancement was discussed last meeting but there was no consensus. Moderator suggests to capture the corresponding simulation results in the TR by endorsing the following and discuss whether to support this enhancement:
 Proposed conclusion 5-4: 
· The capacity gain performance results in R1-2211175 (CATT) corresponding to XR-specific playoutDelayForMediaStartup enhancement scheme are captured in XR SI TR.

Proposal 5-5: 
· Support XR-specific playoutDelayForMediaStartup for XR awareness scheduling to improve XR capacity enhancement.

5.1	Initial discussions
Moderator’s suggestions for initial discussions:
Q1: Indicate whether the following proposals can be supported:
Proposed conclusion 5-1: 
· The capacity gain performance results in R1-2210907 (Huawei/HiSilicon) corresponding to enhancements based on UL delay aware scheduling are captured in XR SI TR.

Proposed conclusion 5-2: 
· The capacity gain performance results in R1-2211906 (ZTE/Sanechips) and R1-2211175 (CATT) corresponding to BSR enhancements are captured in XR SI TR.

Proposed conclusion 5-3: 
· The capacity gain performance results in R1-2211175 (CATT) corresponding to enhanced CG+DG scheme are captured in XR SI TR.
· Note: SU-MIMO is used for baseline and MU-MIMO for the proposed enhancement.

Proposed conclusion 5-4: 
· The capacity gain performance results in R1-2211175 (CATT) corresponding to XR-specific playoutDelayForMediaStartup enhancement scheme are captured in XR SI TR.

Proposal 5-5: 
· Support XR-specific playoutDelayForMediaStartup for XR awareness scheduling to improve XR capacity enhancement.
Q2: Discuss any clarification/correction/comment/question w.r.t. Moderator’s summary and observation.

5.1.1	1st Online Session Discussion
Moderator recommends endorsing 5-1, 5-2, 5-3, 5-4.

Proposed conclusion 5-1: 
· The capacity gain performance results in R1-2210907 (Huawei/HiSilicon) corresponding to enhancements based on UL delay aware scheduling are captured in XR SI TR.

Proposed conclusion 5-2: 
· The capacity gain performance results in R1-2211906 (ZTE/Sanechips) and R1-2211175 (CATT) corresponding to BSR enhancements are captured in XR SI TR.

Proposed conclusion 5-3: 
· The capacity gain performance results in R1-2211175 (CATT) corresponding to enhanced CG+DG scheme are captured in XR SI TR.
· Note: SU-MIMO is used for baseline and MU-MIMO for the proposed enhancement.

Proposed conclusion 5-4: 
· The capacity gain performance results in R1-2211175 (CATT) corresponding to XR-specific playoutDelayForMediaStartup enhancement scheme are captured in XR SI TR.

	Company
	Comments

	MTK
	We support Proposal 5-1~5-4. For Proposal 5-5, we would suggest to have some clarification on RAN1 spec impact (as in moderator observation) during the offline discussion.

	Nokia, NSB
	Topic 1: BSR enhancements or delay aware scheduling enhancements
Proposed conclusion 5-1: 
· The capacity gain performance results in R1-2210907 (Huawei/HiSilicon) corresponding to enhancements based on UL delay aware scheduling are captured in XR SI TR.

Proposed conclusion 5-2: 
· The capacity gain performance results in R1-2211906 (ZTE/Sanechips) and R1-2211175 (CATT) corresponding to BSR enhancements are captured in XR SI TR.
We think that the enhancement in Proposal 5-1 is related to BSR enhancements thus it could be combined with Proposal 5-2.
From proposed conclusion 5-2, we have not seen BSR enhancements in R1-2211175 (CATT), please, clarify the section, where the enhancement is described.
We are ok to capture the results in Annex B, where the simulation study is currently captured.
Proposed conclusion 5-3: 
The enhancement proposes to have a dedicated PDCCH monitoring window dissociated from C-DRX. There are no capacity gains when comparing MU-MIMO and MU-MIMO with proposed enhancement. We saw the gains only due to to MU-MIMO when comparing to SU-MIMO. Therefore, we are ok to capture the results in TR with the comparison of the schemes with not only SU-MIMO but also MU-MIMO. We propose the following modification:
Proposed conclusion 5-3: 
· The capacity gain performance results in R1-2211175 (CATT) corresponding to enhanced CG+DG scheme are captured in XR SI TR.
· Note: SU-MIMO is used for baseline and MU-MIMO for the proposed enhancement.
· Note: Comparison with MU-MIMO is also added.
· Note: The scheme is downprioritezed.
Proposed conclusion 5-4: 
We are ok to capture the results in Annex B if that is the majority view.
Proposal 5-5: 
The gains in this enahcnement are coming from increasing the PDB from 10,15 ms to 50 ms and more taking the time from playout delay. However, for the air interface PDB RAN1 already agreed on 10-15 ms. Moreover, playout delay is used for other means – such as collecting the samples, having samples in the buffer to show to user. If we just use this tme dedicated by application for its own purpose to increase air interface PDB, this will cause issues and remove the whole point of playout delay. We also think this discussion is related to higher layers and not in the scope of RAN1. Thus, we do not support the enhancement.

	Intel
	On P1-1 to P1-4, in general we are OK to capture results in TR.
On P-5, we think for RAN1 to support this, some RAN1 impact need to be identified. Otherwise, respective WG can discuss the proposal.

	LG
	We are fine to support proposal 5-1, 2 and 3. For proposal 5-4 and 5, we think the most of the benefit is obtained from relaxed PDB by playout delay. It is difficult to categorize RAN1 enhancement and the air interface PDB should not be adjusted in terms of evaluation. We don’t support the proposal 5-4 and 5-5. 

	CATT
	We support all 5 proposals.



5.1.2	Outcome of 1st online session
The followings, were endorsed during online session:
	Conclusion 
· The capacity gain performance results in R1-2210907 (Huawei/HiSilicon) corresponding to enhancements based on UL delay aware scheduling are captured in XR SI TR.

Conclusion 
· The capacity gain performance results in R1-2211906 (ZTE/Sanechips) and R1-2211175 (CATT) corresponding to BSR enhancements are captured in XR SI TR.

Conclusion 
· The capacity gain performance results in R1-2211175 (CATT) corresponding to enhanced CG+DG scheme are captured in XR SI TR.
· Note: SU-MIMO is used for baseline and MU-MIMO for the proposed enhancement.

Conclusion 
· The capacity gain performance results in R1-2211175 (CATT) corresponding to XR-specific playoutDelayForMediaStartup enhancement scheme are captured in XR SI TR.




5.2 Intermediate Discussion
The remaining topic is related to enhancement to Proposal 5-5 by CATT. Based on the comments received, the RAN1 impact is not clearly identified. Nokia also explains that the enhancement is higher later related. 
Therefore, Moderator recommends the following: 
Proposed conclusion 5-5: 
· Deprioritize in RAN1, the study of XR-specific playoutDelayForMediaStartup for XR awareness scheduling to improve XR capacity enhancement.

Moderator’s suggestions for intermediate discussions:
Q1: Please indicate if there is serious concern with Moderator’s recommendation as Proposed conclusion 5-5.

	Company
	Comment

	Moderator
	No comments in this summary



5.2.1	2nd Online Session Discussion
Proposed conclusion 5-5: 
· Deprioritize in RAN1, the study of XR-specific playoutDelayForMediaStartup for XR awareness scheduling to improve XR capacity enhancement.

5.2.2	Outcome of 2nd online session
The followings, were endorsed during online session:
Conclusion 5-5: 
· Deprioritize in RAN1, the study of XR-specific playoutDelayForMediaStartup for XR awareness scheduling to improve XR capacity enhancement.

6	XR TP for TR 38.835
The Rapporteur has submitted R1-2212407 to this meeting that includes the text proposals incorporated in draft TR 38.835 based on the conclusions and agreements made so far under this AI.
	R1-2212407
	[Draft] TR 38.835 - TP for Capacity evaluation results
	Rapporteur (Nokia)



6.1 Initial Discussion
Moderator’s suggestions for initial discussions:
Q1: Please review the TPs in R1-2212407 and share any clarification/correction/comment that improves the TP.
Q2: Please note that a TP for enhancement based on cooperative MIMO is proposed in R1-2210907. Please compare the proposed TP in this contribution with the existing text in in R1-2212407 and share your view.
Q3: To companies with simulation results related to the enhancements described in TP, please provide the following details to table:
@InterDigital Table B.1.1.1-1: In Scheme 1.6, is the following note 2 holds?
“Note 2: No symbol for PDCCH is reserved in the slot where no scheduling DCI is transmitted”
@InterDigital Table B.1.1.1-2, please provide missing number for “% of satisfied UEs when #UEs/cell =C1”
@Futurewei Table B.1.2-2, please provide missing number for “Capacity (UEs/cell)”
@ZTE Table B.1.5-1, please provide “TDD format”, “BS antenna parameter”, gNodeB processing delay (from HARQ feedback to retransmission)

6.1.1	1st Online Session Discussion
The TP is reviewed and based on comments, received, it is updated as R1-2212732.
Moderator recommends endorsing TP in R1-2212732.
Proposed conclusion 6-1: Endorse TPs in R1-2212732.
6.1.2	Outcome of 1st Online Session
Outcome of 1st online session:
	TPs for XR TR in R1-2212732 is endorsed in principle.



	Company
	Comments

	MTK
	We would provide our feedback later.

	ZTE, Sanechips
	Please find following information for Table B.1.5-1 in TR 38.835.
TDD format: DDDSU.
BS antenna parameter: same as note 1 in Table B.1.5-1.
gNodeB processing delay(from HARQ feedback to retransmission): 8 slots.

	InterDigital
	Q1 correponding to Note 2 in Table B.1.1.1-1: Yes, Note 2 holds
Q2 corresponding to missing entry in Table B.1.1.1-2: 100%


6.2 Intermdediate Discussion
6.2.1	CG evaluation results in Section 2
Provide feedbacks, if any, as soon as possible to help updating the TR accordingly during this meeting, with respect to the requests below:
· Please review the latest version of the TP in folder “TP for Section 2 of FL Summary”.
· Please DO NOT update the TP in this folder. Only Rapporteur will update the TP in this folder.
· Please provide feedback for Q1 (Q1-x) and Q2 below.
Q1: To companies with simulation results related to CG, please provide the following missing details to Table below. Note: the numerical observations will be added after the assumptions are clarified. 
· Q1-1: Please, check that the simulation parameters, assumptions of the schemes, results are captured correctly in Draft TP for CG. If not, please indicate the typos. 
· Q1-2: For schemes 1.1, 2, please clarify the size of initial UL grant, SR periodicity if not in the tables in Draft TP for CG. 
· Q1-3: For schemes 1. 2, please clarify SR periodicity if not in the tables in Draft TP for CG. 
· Q1-4: For schemes 4, 5, 6.1, 6.2, 7-11, please clarify the size of CG grant, CG periodicity, and number of PUSCH in one period (if applicable) if not in the tables in Draft TP for CG. 
· Q1-5: For SR delay definition, Source [vivo] R1-2211025, please clarify if that is the same as SR periodicity or not. 
· Q1-6: Source [Sony], please add the % of satisfied UE to Table B.1.x-x: FR1, UL, DU, AR at 60 FPS in Draft TP for CG. 
· Q1-7: For schemes 7, 10-11, please clarify whether the whole UL slot is cancelled or just a portion of resources from the slot. 
· Q1-8: For schemes 7-9, please clarify how the indication of unused resources/occasions was conveyed (e.g., via UCI or MAC-CE). 
· Q1-9: Any other assumptions that are important to be mentioned?
Q2: To all, please review the TP and share any clarification/correction/comment that improves the TP in Table below. 

	Company
	Comment

	Sony
	· Q1-1: Please, check that the simulation parameters, assumptions of the schemes, results are captured correctly in Draft TP for CG. If not, please indicate the typos. 
Ans: The description of the schemes is correct.
· Q1-2: For schemes 1.1, 2, please clarify the size of initial UL grant, SR periodicity if not in the tables in Draft TP for CG. 
Ans: In our simulation, for scheme1.1, the initial grant is 117 kbits and SR periodicity is 2.5ms.
· Q1-4: For schemes 4, 5, 6.1, 6.2, 7-11, please clarify the size of CG grant, CG periodicity, and number of PUSCH in one period (if applicable) if not in the tables in Draft TP for CG. 
Ans: In our simulations:
For scheme 8, the initial size of eCG grant is 60Kbits for PDB 10ms and 15ms, 100Kbits for PDB 30ms, and eCG periodicity is already captured in the table.
For scheme 9, the initial size of eCG grant is 60Kbits for PDB 10ms and 15ms, 100Kbits for PDB 30ms, and eCG periodicity is already captured in the table.

· Q1-6: Source [Sony], please add the % of satisfied UE to Table B.1.x-x: FR1, UL, DU, AR at 60 FPS in Draft TP for CG. 
Ans: captured in the table below:
	Source [Sony]
	R1-2211625
	1.1
	DDDSU
	SU-MIMO
	10
	10
	0
	0
	N.A.

	
	
	
	
	
	
	15
	3
	3
	90

	
	
	
	
	
	
	30
	6.35
	6
	91

	Source [Sony]
	R1-2211625
	4**
	DDDSU
	SU-MIMO
	10
	10
	0
	0
	N.A.

	
	
	4**
	
	
	
	15
	2.5
	2
	92

	
	
	4*
	
	
	
	30
	5.6
	5
	94.5

	Source [Sony]
	R1-2211625
	8**
	DDDSU
	SU-MIMO
	10
	10
	4
	4
	90

	
	
	8**
	
	
	
	15
	4.4
	4
	92.5

	
	
	8*
	
	
	
	30
	6.4
	6
	96.5

	Source [Sony]
	R1-2211625
	9**
	DDDSU
	SU-MIMO
	10
	10
	1.6
	1
	96

	
	
	9**
	
	
	
	15
	3.25
	3
	92.5

	
	
	9*
	
	
	
	30
	6
	6
	90



· Q1-8: For schemes 7-9, please clarify how the indication of unused resources/occasions was conveyed (e.g., via UCI or MAC-CE). 
Ans: For schemes 8-9, The indication of unused resources/occasions was conveyed via new separate UCI. 


· Q1-9: Any other assumptions that are important to be mentioned?
Ans: Nothing to say!



	vivo
	· Q1-1: Please, check that the simulation parameters, assumptions of the schemes, results are captured correctly in Draft TP for CG. If not, please indicate the typos. 
We have the following modifications by adding scheme 12 and including the assumptions/results in the tables.
B.1.X	Configured grant scheduling
Scheme 12: Enhanced CG with UCI based dynamic resource adjustment indication. In this scheme, resource adjustment indication delay based on UCI is 0.5ms. It is assumed that at least one PUSCH occasion per CG period is pre-configured with certain periodicity without relying on SR. CG carries dynamic resource adjustment indication only. CG periodicity may vary and is indicated separately in Table X.
Table B.1.x-x: FR1, UL, InH, AR at 60 FPS
	Source
	Tdoc Source
	Scheme

	TDD format
	SU/MU-MIMO
	Data rate (Mbps)
	PDB (ms)
	Capacity (UEs/cell)
	C1=floor (Capacity)
	% of satisfied UEs when #UEs/cell =C1
	Notes

	Source [CATT]
	R1-2211175
	1.1
	DDDUU
	SU-MIMO
	10
	30
	5.4
	5
	90%
	Note 1,2

	Source [CATT]
	R1-2211175
	4*
	DDDUU
	SU-MIMO
	10
	30
	<1
	0
	N.A.
	Note 1

	Source [CATT]
	R1-2211175
	6.3*
	DDDUU
	SU-MIMO
	10
	30
	7.3
	7
	91%
	Note 1

	Source [InterDigital]
	R1-2211843
	1.1
	DDDSU
	SU-MIMO
	10
	30
	7.1
	7
	91
	Note 1,2

	
	
	
	
	
	
	10
	2
	2
	100
	

	Source [InterDigital]
	R1-2211843
	4**
	DDDSU
	SU-MIMO
	10
	30
	6
	6
	100
	Note 1

	
	
	
	
	
	
	10
	4.7
	4
	98
	

	Source [InterDigital]
	R1-2211843
	7**
	DDDSU
	SU-MIMO
	10
	30
	7.5
	7
	100
	Note 1

	
	
	
	
	
	
	10
	5.2
	5
	99
	

	Source [vivo]
	R1-2212595R1-2211025
	54***
	DDDSU
	SU-MIMO
	10
	30
	11.3
	11
	92.42
	Note 1,5Note 1

	
	
	
	
	
	
	10
	6.22
	6
	93.26
	

	Source [vivo]
	R1-2212595R1-2211025
	10***
	DDDSU
	SU-MIMO
	10
	30
	11.85
	11
	93.46
	Note 1,5Note 1

	
	
	
	
	
	
	10
	6.42
	6
	94.44
	

	Source [vivo]
	R1-2212595R1-2211025
	11***
	DDDSU
	SU-MIMO
	10
	30
	12.87
	12
	95.18
	Note 1,5Note 1

	
	
	
	
	
	
	10
	7.81
	7
	96.23
	

	Source [vivo]
	R1-2212595R1-2211025
	6.2***
	DDDSU
	SU-MIMO
	10
	30
	13.96
	13
	94.08
	Note 1,6Note 1

	
	
	
	
	
	
	10
	6.12
	6
	92.13
	

	Source [vivo]
	R1-2212595
	12***
	DDDSU
	SU-MIMO
	10
	10
	8.79
	8
	93.52
	Note 1,6

	Source [vivo]
	R1-2212595
	5***
	DDDSU
	SU-MIMO
	10
	10
	7.53
	7
	94.41
	Note 1,7

	Source [vivo]
	R1-2212595
	11***
	DDDSU
	SU-MIMO
	10
	10
	8.83
	8
	93.92
	Note 1,7

	Source [vivo]
	R1-2212595R1-2211025
	1.1***
	DDDSU
	SU-MIMO
	10
	30
	13.94
	13
	93.96
	Note 1,3,8Note 1,3,6

	
	
	
	
	
	
	10
	2.33
	2
	95.69
	

	Source [vivo]
	R1-2212595R1-2211025
	1.1***
	DDDSU
	SU-MIMO
	10
	30
	13.82
	13
	93.5
	Note 1,4,8Note 1,4,6

	
	
	
	
	
	
	10
	0
	0
	N.A.
	

	Source [vivo]
	R1-2212595R1-2211025
	45***
	DDDUU
	SU-MIMO
	10
	30
	13.41
	13
	91.67
	Note 1,5Note 1

	
	
	
	
	
	
	10
	10.13
	10
	94.18
	

	Source [vivo]
	R1-2212595R1-2211025
	10***
	DDDUU
	SU-MIMO
	10
	30
	13.85
	13
	92.72
	Note 1,5Note 1

	
	
	
	
	
	
	10
	10.76
	10
	94.61
	

	Source [vivo]
	R1-2212595R1-2211025
	11***
	DDDUU
	SU-MIMO
	10
	30
	14.94
	14
	92.45
	Note 1,5Note 1

	
	
	
	
	
	
	10
	14.54
	14
	93.07
	

	Source [vivo]
	R1-2212595R1-2211025
	6.2***
	DDDUU
	SU-MIMO
	10
	30
	16.73
	16
	92.26
	Note 1,6Note 1

	
	
	
	
	
	
	10
	6.57
	6
	95.15
	

	Source [vivo]
	R1-2212595R1-2211025
	1.1***
	DDDUU
	SU-MIMO
	10
	30
	15.56
	15
	93.42
	Note 1,3,8Note 1,3,6

	
	
	
	
	
	
	10
	3.51
	3
	93.24
	

	Source [vivo]
	R1-2212595R1-2211025
	1.1***
	DDDUU
	SU-MIMO
	10
	30
	15.2
	15
	92.8
	Note 1,4,8Note 1,4,6

	
	
	
	
	
	
	10
	0
	0
	N.A.
	

	Source [vivo]
	R1-2212595
	12***
	DDDUU
	SU-MIMO
	10
	10
	10.32
	10
	94.17
	Note 1,6

	Source [vivo]
	R1-2212595
	5***
	DDDUU
	SU-MIMO
	10
	10
	13.63
	13
	92.46
	Note 1,7

	Source [vivo]
	R1-2212595
	11***
	DDDUU
	SU-MIMO
	10
	10
	15.15
	15
	92.21
	Note 1,7

	Note 1: BS antenna parameters: 32TxRUs, (M, N, P, Mg, Ng; Mp, Np) = (4,4,2,1,1:4,4)

Note 2: SR periodicity = 5 ms
Note 3: SR delay = 3 ms
Note 4: SR delay = 5 ms

Note 5: Size of configured grant = 166.7kbit, and the number of PUSCH occasions depends on some factors such as channel quality of the UE, and available resource, etc.
Note 6: Size of configured grant = 80bit
Note 7: Size of configured grant = 83.4kbit, and the number of PUSCH occasions depends on some factors such as channel quality of the UE, and available resource, etc.
Note 68: Size of initial UL grant = 8083.4 kbit

* CG periodicity = 16 ms
** CG periodicity = 10 ms
*** CG periodicity = (17,17,16) ms to align each CG occasion with a corresponding XR packet



Table B.1.x-x: FR1, UL, InH, AR pose/control at 250 FPS
	Source
	Tdoc Source
	Scheme

	TDD format
	SU/MU-MIMO
	Data rate (Mbps)
	PDB (ms)
	Capacity (UEs/cell)
	C1=floor (Capacity)
	% of satisfied UEs when #UEs/cell =C1
	Notes

	Source [vivo]
	R1-2212595R1-2211025
	1.1
	DDDSU
	SU-MIMO
	0.2
	10
	>30
	
	
	Note 1,2,4

	Source [vivo]
	R1-2212595R1-2211025
	1.1
	DDDSU
	SU-MIMO
	0.2
	10
	>30
	
	
	Note 1,3,4

	Source [vivo]
	R1-2212595R1-2211025
	4*
	DDDSU
	SU-MIMO
	0.2
	10
	>30
	
	
	Note 1

	Note 1: BS antenna parameters: 32TxRUs, (M, N, P, Mg, Ng; Mp, Np) = (4,4,2,1,1:4,4)
Note 2: SR delay = 3 ms
Note 3: SR delay = 5 ms
Note 4: Size of initial UL grant = 100 bytes
* CG periodicity = 5 ms




· Q1-2: For schemes 1.1, 2, please clarify the size of initial UL grant, SR periodicity if not in the tables in Draft TP for CG. 
See the above updated table
· Q1-4: For schemes 4, 5, 6.1, 6.2, 7-11, please clarify the size of CG grant, CG periodicity, and number of PUSCH in one period (if applicable) if not in the tables in Draft TP for CG. 
See the above updated table
· Q1-5: For SR delay definition, Source [vivo] R1-2211025, please clarify if that is the same as SR periodicity or not. 
In our simulation, we assume SR delay instead of SR periodicity, where SR delay assumed is not exactly the same as SR periodicity. Speficically, SR delay is the time gap between the UL packet arrival and the first UL grant for data scheduling, and its value contains at least: delay for aligning to the nearest SR transmission occasion when an XR packet arrives, gNB processing delay for the reported SR. In our evaluation, SR delay is assumed to be 3ms or 5ms considering typecical network configuration and implementation.
· Q1-7: For schemes 7, 10-11, please clarify whether the whole UL slot is cancelled or just a portion of resources from the slot. 
In our simulation, it is assumed that just a portion of resources from the slot is cancelled. 

Q2: For the draft TP, we suggest the following modifications 
Scheme 1.1: DG scheduling with SR followed by UL grant with BSR and data. It is assumed that an SR is triggered upon arrival of a new TB XR packet in the UE buffer. An UL resource is then granted to the UE to transmit BSR and a number ofn  UL data. A periodicity of SR and a size of initial UL grant may vary and are indicated separately in Table X.
Scheme 3: Dynamic scheduling with genie BSR (DG with genie BSR): The scheduling is based on dynamic grants where it is assumed BSR is available with zero delay at the scheduler when a new XR packet arrives in the UE buffer, to be used for indicating UL grants to the UE. Hence, in this case, no SR or BSR delay is assumed.
Scheme 4: Single CG configuration, where single PUSCH occasion per CG occasion period is pre-configured with certain periodicity without relying on SR. In this scheme no scheduling SR delay is assumed. CG periodicity may vary and is indicated separately in Table X.
Scheme 5: Multiple CG configurations, where multiple PUSCH occasions per CG occasion period are pre-configured with certain periodicity without relying on SR. In this scheme no scheduling SR delay is assumed. CG periodicity may vary and is indicated separately in Table X.
Scheme 6.2: Hybrid scheduling CG+DG scheduling – the scheduling is based on a combined use of configured and dynamic grants. SR resources are not used. Instead, CG resources are configured with a certain size in every UL slot in order to transmit BSR only when a new data XR packet arrives. Whenever a new XR packet arrives in the UEa buffer, the UE uses the nearest possible CG PUSCH occasion for BSR transmission. The network can thus use the BSR to provide dynamic grants for the corresponding data scheduling. CG periodicity and size of CG grant may vary and are indicated separately in Table X.
[bookmark: OLE_LINK8][bookmark: OLE_LINK9]Scheme 6.3: Hybrid scheduling CG+DG scheduling – the scheduling is based on a combined use of configured and dynamic grants. SR resources are not used. Instead, CG resources are configured with a certain size in every UL slot in order to transmit BSR and data when a new data XR packet arrives. Whenever a new XR packet arrives in a the UE’s buffer, the UE uses the nearest possible CG PUSCH occasion for BSR transmission and possibly some amount of data. The network can thus use the BSR to provide dynamic grants for the following data transmission. The PDCCH monitoring window for the dynamic grant is pre-configured and associated with the CG PUSCH occasion in each cycleCG period. The enhanced BSR that the BSR report will be triggered at the configured first used CG PUSCH occasion at in each cycle CG period to indicate to the gNB the remaining packet size is assumed. If the BSR is reported by the UE with the status “not empty”, the UE would monitor the PDCCH in the subsequent slots for dynamic grant(s) after XR packet transmission at with the CG resource, in which the dynamic grant(s) is are used to schedule the remaining data of XR packet. If the BSR is reported by the UE with the status “empty”, the UE would not monitor the PDCCH in the subsequent slots of the PDCCH monitoring window for XR packet transmission. Furthermore, if the XR packets isare completely transmitted during the monitoring window, the UE can be indicated to go to sleep. If the XR packets arrives during the monitoring window, the UE can be indicated to skip the PDCCH monitoring until the packets arrives. CG periodicity and size of CG grant may vary and are indicated separately in Table X.
Scheme 7: Enhanced CG with flexible resource allocation, where at least one PUSCH occasion per CG occasion period is pre-configured with certain periodicity without relying on SR. In this scheme, it is assumed the UE can indicate to gNB unused CG PUSCH resources. CG periodicity may vary and is indicated separately in Table X.
Scheme 8: Enhanced CG with dynamic adaptation of CG parameters and indication of unused/used CG PUSCH occasion(s). In this scheme, the UE adjusts CG parameters dynamically: MCS, number of PRBs, number of layers within the CG resource. The UE indicates these scheduling parameters to the gNB via UCI transmitted separately in the same CG resource, and whether the subsequent CG PUSCH occasions will be used/unused until next XR data packet arrival. It is assumed that at least one PUSCH occasion per CG occasion period is pre-configured with certain periodicity without relying on SR. CG periodicity may vary and is indicated separately in Table X.
Scheme 9: Enhanced CG with indication of unused/used CG PUSCH occasion(s), where the UE only indicates if the subsequent CG PUSCH occasions will be used/unused until next XR data packet arrival. It is assumed that at least one PUSCH occasion per CG occasion period is pre-configured with certain periodicity without relying on SR. CG periodicity may vary and is indicated separately in Table X.
Scheme 10: Enhanced CG with MAC CE based dynamic resource adjustment indication. In this scheme, BSR delay or resource adjustment indication delay based on MAC CE is 2.5ms. It is assumed that at least one PUSCH occasion per CG occasion period is pre-configured with certain periodicity without relying on SR. CG carries BSR reports and video data transmission. CG periodicity may vary and is indicated separately in Table X.
Scheme 11: Enhanced CG with UCI based dynamic resource adjustment indication. In this scheme, resource adjustment indication delay based on UCI is 0.5ms. It is assumed that at least one PUSCH occasion per CG periodoccasion is pre-configured with certain periodicity without relying on SR. CG carries BSR reports and video data transmission. CG periodicity may vary and is indicated separately in Table X.



	InterDigital
	For the questions related to Scheme 1.1:
·  Size of initial UL grant 400 bits

For for the questions related to Scheme 4: 
· Size of configured grant = 100kbits
· Number of configured slots per period = 1 

For the questions related to Scheme 7: 
·  The unused PUSCH resources are assumed to be indicated via CG-UCI

	 Huawei, HiSilicon
	For R18 XR capacity (AI 9.10.2), we updated our Tdoc in R1-2212650 (revision of R1-2210907). We newly added Section 2.2.1, which includes the simulation results of CG enhancements. The corresponding TP is in Section 6.1 of R1-2212650.
Could you please kindly capture this into the TR? Sorry for the inconvenience.
We’ll provide missing information soon later if any.

	Huawei, HiSilicon_2
	Q1-7: the whole UL slot is cancelled in scheme9 in our simulation
Q1-8: via UCI



6.2.2	Other evaluation results in Section 5
Provide feedbacks, if any, as soon as possible to help updating the TR accordingly during this meeting, with respect to the requests below:
· Please review the latest version of the TP in folder “TP for Section 5 of FL Summary”.
· Please DO NOT update the TP in this folder. Only Rapporteur will update the TP in this folder.
Q1: To all, please review the TP and share any clarification/correction/comment that improves the TP in Table below. 

	Company
	Comment

	Moderator
	No comments in this summary



6.2.3	Other evaluation results in Section 4
Provide feedbacks, if any, as soon as possible to help updating the TR accordingly during this meeting, with respect to the requests below:
· Please review the latest version of the TP in folder “TP for Section 4 of FL Summary”.
· Please DO NOT update the TP in this folder. Only Rapporteur will update the TP in this folder.
Q1: To all, please review the TP and share any clarification/correction/comment that improves the TP in Table below. 

	Company
	Comment

	Moderator
	No comments in this summary



6.2.4	CG enhancements agreed in Section 2
The following TP is proposed to capture the following agreements:
Agreements: 
Support dynamic indication of the unused CG PUSCH occasion(s) based on UCI (e.g., CG-UCI or a new UCI) by the UE

Agreements: 
Support the multiple CG PUSCH transmission occasions in a period of a single CG PUSCH configuration

	[bookmark: _Toc117275312]5.3.1	Physical Layer Enhancements
Considering large size of UL video frame (see TR 38.838 [8]), multiple PUSCH occasions over multiple slots may be configured per CG periodicity for delivering one video frame in UL if CG scheduling is employed. Moreover, the size of one video frame may vary leading to a different number of PUSCH occasions per CG period. In order to better accommodate XR service, the following enhancements have been considered related to CG:  
-     Multiple CG PUSCH transmission occasions in a period of a single CG PUSCH configuration;  
-     Dynamic indication of unused CG PUSCH occasion(s) based on UCI (e.g., CG-UCI or a new UCI) by the UE.  
The performance of dynamic grant (DG) scheduling has been compared against CG scheduling as well as various CG enhancements and the simulation results are captured in Annex B.  




Q1: To all, please review the aibve TP and share any clarification/correction/comment that improves the TP in Table below. 
	Company
	Comment

	Moderator
	No comments in this summary



The above TP was reviewd during offline session and was revised as the following:

	5.3.1	Physical Layer Enhancements
Considering large and variable size of UL video frame (see TR 38.838 [8]), multiple PUSCH occasions over multiple slots may be configured per CG periodicity for delivering one video frame in UL withif CG scheduling is employed,. Moreover, the size of one video frame may vary leading to a different number of PUSCH occasions per CG period. In order to better accommodate XR service, the following enhancements have been recommendedconsidered related to CG:  
-     Multiple CG PUSCH transmission occasions in a period of a single CG PUSCH configuration;  
-     Dynamic indication of unused CG PUSCH occasion(s) based on UCI (e.g., CG-UCI or a new UCI) by the UE.  
The performance of dynamic grant (DG) scheduling has been compared against CG scheduling as well as various CG enhancements and the simulation results are captured in Annex B.  The corresponding capacity performance evaluation results are available in Annex B.
The evaluation results for other proposed and studied capacity enhancement schemes are available in Annex B.





6.3	Final Discussion
The TPs provided in section 6.2 haven been reviewed and updated as much as possible. The TPs with the latest updates are available in R1-2212936. 
Moderator recommends endorsing the TPs in R1-2212936 in principle. The remaining reviews can be done during the email discussion for TR review.
Proposed conclusion 6-2: 
· The text proposals in R1-2212936 for XR TR 38.835 are endorsed in principle.

6.3.1	3rd (last) Online Session Discussion

Proposed conclusion 6-2: 
· The text proposals in R1-2212936 for XR TR 38.835 are endorsed in principle.

6.3.2	3rd (last) Online Session Discussion

Conclusion
From RAN1 perspective, the Rel-18 XR study item in RAN1 is completed.


Agreement
The following TP for section 5.3.1 is endorsed in principle for TR 38.835:
	The following enhancements for configured grant based transmission are recommended:
· Multiple CG PUSCH transmission occasions in a period of a single CG PUSCH configuration;  
· Dynamic indication of unused CG PUSCH occasion(s) based on UCI (e.g., CG-UCI or a new UCI) by the UE.  
The corresponding capacity performance evaluation results are available in Annex B.1.6.
The evaluation results for other proposed and studied capacity enhancement schemes are available in Annex B.1.



The TPs for capacity enhancements including simulation results are captured in R1-2212936 will be reviewed during the following email discussion assigned by chair:

	Email discussion on the approval of XR TR from Nov 28 until Nov 29. Including approval of LS to RAN2. 
· R1-2212860, R1-2212936
· Margarita/Huilin (Nokia/Qualcomm)





7	Other
Table E below lists the proposals and observations in the contributions submitted in this meeting with respect to some proposed enhancements. For more detailed descriptions and discussions please refer to the corresponding companies’ contributions. 
The enhancements proposed in this section belong to discussion areas that have been already discussed in the last meeting. These enhancement areas were either down-prioritized last meeting; or did not receive support to be prioritized for discussion.
Therefore, Moderator’s recommendation is not to open the discussion with respect to these proposals. 

Table D: Summary of Contributions inputs for Section 7
	Sony
	[bookmark: _Toc115340453][bookmark: _Toc118716245]Observation 1: Depending on the XR traffic pattern, there can be a mismatch of periods between NR SPS/CG configuration and XR traffic.
[bookmark: _Toc115340454][bookmark: _Toc118716246]Observation 2: The search space size for PDCCH transmission can be relatively small. Hence, it would be beneficial to reduce the PDCCH transmission which can also increase the overall XR capacity.
[bookmark: _Toc115340464][bookmark: _Toc118351679][bookmark: _Toc118351873][bookmark: _Toc118716370]Proposal 1: Capture in the TR that SPS enhancement can still be considered for XR capacity enhancements as the search space size for PDCCH transmission can be relatively small. Although, it can be considered as not the top priority.
[bookmark: _Toc115340465][bookmark: _Toc118351680][bookmark: _Toc118351874][bookmark: _Toc118716371]Proposal 2: Capture in the TR that the Dynamic CG configuration to dynamically adjust the transmission in order to accommodate the XR traffic pattern.
[bookmark: _Toc115340466][bookmark: _Toc118351681][bookmark: _Toc118351875][bookmark: _Toc118716372]Proposal 3: Capture in the TR that pseudo-periodic CG configuration can be considered for XR traffic with non-integer period.

Proposal 4: Capture in the TR that XR multiple flows differentiation with CG transmission is needed. 
Proposal 5: Multi CS-RNTIs configuration can be considered as one of the identifications of multiple flows. 
[bookmark: _Toc118716377]Proposal 8: Support Reliable Multiple PDSCHs transmission with single DCI by taking into account the radio condition after the first part of PDSCH(s), such as scheduling with different MCS, time/frequency diversity in the multiple PDSCHs transmission.


	Lenovo
	Proposal 1: Study the benefits of indicating the remaining delay budget for a packet and/or a PDU set:
· gNB indicating such delay budget to UE for DL/UL packet and/or PDU set
· UE indicating such delay budget to gNB for UL/DL packet and/or PDU set
Proposal 3: Study latency reduction for HARQ-ACK transmission for multi-PD(U)SCH scheduling.
Proposal 4: Investigate HARQ-NACK prioritization benefits to avoid PDB expiration.
Proposal 5: Study if multi-PD(U)SCH scheduling should be further enhanced based on application awareness.
Observation 2: The XR PDU set/packet importance value can help the RAN skip retransmissions of non-important PDU sets.

Proposal 9: Enhancements related to non-integer periodicity for CG transmissions could include configure multiple small periodicities for one CG configuration to compose a longer periodicity cycle. 

	Apple
	Figure 4 Multiple data streams with periodical traffic arrivals and time-varying packet size
Proposal 3-1: introduce the support of non-integer periodicity for SPS configurations/Configured grant configurations. 

Proposal 3-5: support non-integer periodicity for periodic/semi-persistent CSI measurement resources, CSI reporting and periodic/semi-persistent SRS transmission.

	ZTE
	SPS enhancement
Given the advantages of reducing overhead of downlink control signaling and transmission latency, SPS mechanism can be further studied for XR-specific capacity enhancement.
Table 3 Capacity performance and power consumption comparison in Indoor HotSpot scenario
	Traffic model
	Case
	Capacity
	Power consumption

	45Mbps@60fps, 10ms
	Legacy SPS
	0
	195.43

	
	Enhanced SPS
	4
	52.88

	60Mbps@60fps, 10ms
	Legacy SPS
	0
	195.37

	
	Enhanced SPS
	2.4
	61.06



Suggest to capture SPS enhancement techniques as well as their evaluation results proposed by companies into TR38.835. 
Intra/inter UE prioritization/multiplexing enhancements
Given the advantages of guaranteeing streams with both high priority and low priority transmission for multi-stream model in case of resource starvation, adaptive intra/inter UE prioritization/multiplexing enhancement can be further studied for XR-specific capacity enhancement.
Table 4 Capacity performance comparison of preemption in Indoor HotSpot scenario
	Traffic model
	Case
	Capacity
	Capacity gain

	audio/data + video multi-stream model
	Without preemption
	4.9
	-

	
	Rel-15 preemption
	5.7
	47.37%

	
	Enhanced preemption
	8.4
	71.43%

	Option 1A: slice-based multi-stream model
	Without preemption
	4.5
	-

	
	Rel-15 preemption
	7.1
	43.66%

	
	Enhanced preemption
	10.2
	126.67%



Suggest to capture the evaluation results of adaptive inter-UE/intra-UE multiplexing enhancement provided by companies into TR38.835.  
Link adaptation enhancement for re-transmission
Given the advantages of guaranteeing the reliability of re-transmission and reduce the re-transmission time, delta MCS can be further studied for XR-specific capacity enhancement.
Table 5 Capacity performance of delta MCS in Indoor HotSpot scenario
	Traffic model
	Case
	Capacity

	60Mbps@60fps, 10ms
	Delta MCS information feedback
	0.0

	
	No delta MCS information feedback
	3.3


Suggest to capture the evaluation results of delta MCS provided by companies into TR38.835.  
Network Coding
Given the advantages of guaranteeing the transmission reliability by providing coding gain with better error detection and correction performance, network coding can be further studied for XR-specific capacity enhancement.
Table 6 Capacity performance of network coding in Indoor HotSpot scenario
	Traffic model
	Case
	Capacity

	30Mbps@60fps, 10ms
	PDCP duplication
	7.9

	
	Network coding
	8.9


Suggest to capture the evaluation results of network coding provided by companies into TR38.835.  


	QC
	Observation 1: There is a time mismatch issue between periodic XR UL traffic and R16/17 CG configuration. This will lead to XR capacity loss due to the packet delay caused by the timing difference between CG resources and actual XR traffic.
Observation 2: For proper demodulation in the UL, gNB is required to know which of the UL resources the UE has skipped Observation 3: Soft HARQ-ACK is observed to provide a significant gain in XR capacity over baseline HARQ-ACK.
Observation 3: Soft HARQ-ACK is observed to provide a significant gain in XR capacity over baseline HARQ-ACK.
Observation 4: The gain of soft HARQ-ACK relative to baseline HARQ-ACK increases when the HARQ round trip delay increases.
Observation 5: Multi-PDSCH/PUSCH scheduling DCI is suitable for XR video data transmission for jitter handling, scheduling of large and variable size of video frame data and UE power saving by PDCCH monitoring reduction.
Observation 6: If data of a XR video frame is scheduled by the same DCI, the number of schedulable PDSCHs may need to be increased beyond 8.
Observation 7: The existing single DCI scheduling multi-PDSCH/PUSCH framework can cause resource waste, additional delays, or more control signalling.
 
Proposal 2: Introduce the CG set switching mechanism to simultaneously activate one set of CGs and deactivate another set of CGs for adaptative CG configuration. Timer based switching can be introduced.
Proposal 3: Introduce the CG set skipping mechanism to temporarily deactivate a set of CGs and reactivate it after a timer expires.
Proposal 4: For single CG with multiple PUSCHs on a CG occasion, consider studying methods to skip, modify, or add extra PUSCHs in an occasion.
Proposal 5: For XR, consider studying methods to dynamically adapt the CG parameters to the traffic bursts.
Proposal 6: For XR, consider studying methods to jointly handle multiple CG configurations on the same or on different CCs using the same message
Proposal 7: RAN1 should discuss a solution to address the time mismatch between R16/R17 CG configuration. The solution can be like those under consideration for a similar issue that exists for CDRX.
 
Proposal 9: Capture evaluations results in  for Soft HARQ-ACK in Table 1 to Table 6 in TR 38.835.
Proposal 10: When more than 8 PDSCHs are scheduled by the same DCI, the RV field can be removed from the scheduling DCI to avoid the increase of DCI size.
Proposal 11: PDCCH skipping indication in the single DCI scheduling multi-PDSCHs allows for PDCCH skipping after decoding of the multi-PDSCHs 
Proposal 12: For XR, consider studying enhancements for single DCI scheduling multi-PDSCH/PUSCH grants including:
· Allowing for different configurations per PDSCH/PUSCH in a single DCI grant
· Allowing the gNB to change the behavior of one or more of the already granted PDSCHs/PUSCHs after the granting DCI
· Allowing for multiple HARQ-ACKs each for a subset of the multiple PDSCHs


	Google
	Proposal 5: The number of CBGs per TB could be L1 signalled for better flexibility for the XR traffic.
Proposal 6: The CBG transmission scheme to be enabled/disabled dynamically.
Proposal 7: Adaptive number of HARQ retransmissions could be studied for better system capacity.

	OPPO
	Proposal 5: The periodicity mismatch issue can be solved by introducing non-integer values for CG periodicity and adding ceiling operation in CG occasion calculation formula.

	CMCC
	Proposal 4. Configure a CG periodicity set or pattern that contains multiple CG periodicities and apply this pattern cyclically in the time domain.

	LG
	Proposal 8 : Support non-integer periodicities by modified equation determining SPS/CG occasions. 
· FFS: How to add non-integer periodicities to current periodicity parameter. 

	IDC
	Proposal 2:	Support dynamic indication to the UE (e.g. via DCI) to adjust CG parameters (e.g. number of PRBs, MCS) per CG occasion
Proposal 3:	Support dynamic indication from the UE for time shifting (e.g. advancing or delaying) the CG PUSCH occasions by an offset value
Proposal 4: 	Support dynamic indication to the UE (e.g. via DCI) to apply a time shift offset to the CG PUSCH occasions
Proposal 5:	UE can be configured with multiple CG configurations with different parameters (e.g.  different number of PUSCHs, MCS, PRBs, start time offset)   
Proposal 6:	Support dynamic indication from the UE to request activation/deactivation of preconfigured CG configurations

	TCL
	· Transmission pattern of CG within an integer periodicity
Table 1. ConfiguredGrantConfig information element
-- ASN1START
-- TAG-CONFIGUREDGRANTCONFIG-START

ConfiguredGrantConfig ::=           SEQUENCE {
    frequencyHopping                    ENUMERATED {intraSlot, interSlot}                                       OPTIONAL,   -- Need S
                                OPTIONAL,   -- Need R
periodicity                         ENUMERATED {
                                                sym2, sym7, sym1x14, sym2x14, sym4x14, sym5x14, sym8x14, sym10x14, sym16x14, sym20x14,
                                                sym32x14, sym40x14, sym64x14, sym80x14, sym128x14, sym160x14, sym256x14, sym320x14, sym512x14,
                                                sym640x14, sym1024x14, sym1280x14, sym2560x14, sym5120x14,
                                                sym6, sym1x12, sym2x12, sym4x12, sym5x12, sym8x12, sym10x12, sym16x12, sym20x12, sym32x12,
                                                sym40x12, sym64x12, sym80x12, sym128x12, sym160x12, sym256x12, sym320x12, sym512x12, sym640x12,
                                                sym1280x12, sym2560x12
    },
    configuredGrantTimer                INTEGER (1..64)                                                         
……
-- TAG-CONFIGUREDGRANTCONFIG-STOP
-- ASN1STOP
Observation 2：There is a gap between XR periodic DL traffic and CG configuration. 
Proposal 1: A fixed transmission pattern of CG within an integer periodicity for XR can be considered. 
· Study how to determine the HARQ-ID of each configuration within the fixed pattern. 
Proposal 2: Additional PDCCH monitor occasions can be considered for XR during the range window of jitter. 
Proposal 3: Dynamic changing resource allocation of CG configuration for XR can be considered. 
Proposal 4: Enhancements of search space set configuration should be considered for XR.
Proposal 5: A single DCI scheduling multi-PDSCHs and multi-PUSCHs with different MCS for XR can be considered.
· TBoMS
[bookmark: OLE_LINK1]Proposal 6: TB processing over multiple slots with no number of CBs and transmission layers limited can be considered for XR.    
Proposal 7: Both CG-based dynamic grant and multiple bits information SR-based dynamic grant for XR UL traffic transmission can be studied.   


	Panasonic
	Proposal 1: CG should efficiently handle the non-integer periodicity transmissions, including the video stream frame periodicities like 16.66667, 11.11111, and 8.33333 ms.
Comparison of the approaches
Table 1. Approaches to efficiently handle the non-integer periodicity transmissions
	Approach
	Pros
	Cons

	1. Rounding the non-integer transmission instances

	- Only semi-static configurations. 
	- The accurate alignment of non-integer periodicity is required.

	2. Enabling/disabling the non-integer periodicity instances
	- Only semi-static configurations.

- Which resources are used after the adjustment of the periodicity can be configured separately.


	- More complex compared with approach 1.
- the accurate alignment of non-integer periodicity is required.

	3. Alternating periodicities
	- Only semi-static configurations.
- the alignment of non-integer periodicity is on the order of alternating periodicity.
	- Depending on the combination of alternative periodicities, it may not fully be aligned with the target non-integer periodicity. This can be corrected by DCI based scheme.


	4. DCI to reconfigure Group of CG
	- The adjustment of the periodicity other than caused by the fractional periodicity are possible like the accumulation of UE-gNB frequency error, the adjustment caused by the autonomous TA adjustment and so on.


	- A DCI is required to adjust the periodicity.
- The handling of miss/false detection of DCI.




Proposal 2: The combination between DCI based (approach 4) and alternating periodicities (approach 3) should be taken.

	NEC
	[bookmark: _Hlk101795788]Proposal 2: Specify XR specific configured grant offset parameter such as kOffsetSymbols in Search Space Set configuration.
Proposal 3: ‘cg-nrofSlots’ may be reused to transmit different transport blocks if PUSCH repetition type is not set.
Proposal 4: Specify a higher layer parameter of ‘frame per second’ for the frame rate of XR traffic.



7.1	Initial discussions
Moderator’s suggestions for initial discussions:
Q1: With respect to proposals in Table D, Moderator’s recommendation is that not to open the related discussion again. Please indicate if there is a strong concern with Moderator’s recommendation.
Q2: Discuss any clarification/correction/comment/question w.r.t. Moderator’s summary and observation.

	Company
	Comments

	Sony
	We disagree with the Moderator’s suggestion above in Table D. 
RAN1 earlier agreement says “at least”, therefore, any other method that shows capacity performance improvements against the agreed baseline schemes (i.e., DG and CG) should be considered and captured in the TR. In this meeting, we provided the results.

	OPPO
	We think the non-integer periodicity issue which will impact the CG transmission efficiency has not been fully discussed, so we suggest to discuss the handling of the periodicity mismatch.

	Moderator
	@Sony: The corresponding simulation results will be captured in TR. Please follow the review process in section 6. 
@Sony, OPPO: With respect to CG enahncements, the topic have been discussed intensively in the previous meetings. The only enhacnements that could be endorsed from RAN1 is based on the agreement in made in 1st online session (also captured in 2.1.2).



8 Conclusion
This meeting was the last meeting of the study item. The followings were agreed/endorsed during this meeting.

Conclusion 
· The capacity gain performance results in R1-2210907 (Huawei/HiSilicon) corresponding to enhancements based on UL delay aware scheduling are captured in XR SI TR.

Conclusion 
· The capacity gain performance results in R1-2211906 (ZTE/Sanechips) and R1-2211175 (CATT) corresponding to BSR enhancements are captured in XR SI TR.

Conclusion 
· The capacity gain performance results in R1-2211175 (CATT) corresponding to enhanced CG+DG scheme are captured in XR SI TR.
· Note: SU-MIMO is used for baseline and MU-MIMO for the proposed enhancement.

Conclusion 
· The capacity gain performance results in R1-2211175 (CATT) corresponding to XR-specific playoutDelayForMediaStartup enhancement scheme are captured in XR SI TR.

Conclusion:
No consensus on the following:
Support dynamic indication of the unused CG PUSCH resource(s) based on UCI (e.g., CG-UCI or a new UCI) by the UE

Conclusion: 
· Deprioritize discussion on HARQ retransmission of a TB on a different cell than the cell of the initial TB transmission for CA operation on TDD cells in XR agenda.
Conclusion: 
· Deprioritize in RAN1, the study of XR-specific playoutDelayForMediaStartup for XR awareness scheduling to improve XR capacity enhancement.

Conclusion:
· The capacity gain performance results in R1-2210907 and R1-2212254 corresponding to enhancements on RRM measurement are captured in XR SI TR.

Conclusion
No consensus on the following:
Enhancements on RRM to relax scheduling restriction for at least for intra-frequency RRM without MGs in FR2 and for inter-frequency RRM with MGs 

Agreement
Support dynamic indication of the unused CG PUSCH occasion(s) based on UCI (e.g., CG-UCI or a new UCI) by the UE

Agreement
Support multiple CG PUSCH transmission occasions in a period of a single CG PUSCH configuration


Agreement
TPs for XR TR in R1-2212732 is endorsed in principle.

Agreement
The following TP for section 5.3.1 is endorsed in principle for TR 38.835:
	The following enhancements for configured grant based transmission are recommended:
· Multiple CG PUSCH transmission occasions in a period of a single CG PUSCH configuration;  
· Dynamic indication of unused CG PUSCH occasion(s) based on UCI (e.g., CG-UCI or a new UCI) by the UE.  
The corresponding capacity performance evaluation results are available in Annex B.1.6.
The evaluation results for other proposed and studied capacity enhancement schemes are available in Annex B.1.



Conclusion
From RAN1 perspective, the Rel-18 XR study item in RAN1 is completed.

Email discussion on the approval of XR TR from Nov 28 until Nov 29. Including approval of LS to RAN2. 
· R1-2212860, R1-2212936
· Margarita/Huilin (Nokia/Qualcomm)
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"8.19.2 Pre-configured measurement gap activation/deactivation upon
DCl/timer-based BWP switch«

"8.19.2.1 Activation/deactivation upon DCl/timer-based BWP switch delay on a single
CC+«

The requirements in this clause only apply to the case that the DCI/timer-based BWP switch is performed on a single
CC with more than one BWP configurations configured on the CC.<

‘When BWP switch occurs, which results in status change of pre-configured measurement gap according to clause 9.1.7,
UE shall be able to finish pre-configured activation or deactivation within 5 ms after the completion of the active BWP
switch. The active BWP switch delay for single CC is defined in clause 8.6.2. Activation/deactivation of Pre-MG takes
effect from the first complete MG occasion after the activation and deactivation delay. If the end of
activation/deactivation of Pre-MG is within a gap occasion, the Pre-MG status shall not be changed immediately.
Instead, the Pre-MG status shall be changed prior to the next gap occasion.«




