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1. Introduction
At RAN#95-e meeting, revised SID on XR enhancements for NR was approved with the objective as follows [1]:
	Objectives on XR-awareness in RAN (RAN2):
· Study and identify the XR traffic (both UL and DL) characteristics, QoS metrics, and application layer attributes beneficial for the gNB to be aware of.
· Study how the above information aids XR-specific traffic handling.
Objectives on XR-specific Power Saving (RAN1, RAN2):
· Study XR specific power saving techniques to accommodate XR service characteristics (periodicity, multiple flows, jitter, latency, reliability, etc...). Focus is on the following techniques:
· C-DRX enhancement.
· PDCCH monitoring enhancement.
Objectives on XR-specific capacity improvements (RAN1, RAN2):
· Study mechanisms that provide more efficient resource allocation and scheduling for XR service characteristics (periodicity, multiple flows, jitter, latency, reliability, etc…). Focus is on the following mechanisms:
· SPS and CG enhancements;
· Dynamic scheduling/grant enhancements



At RAN1#109-e meeting, following agreements were made for XR capacity improvement:
	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
Study of network coding for capacity enhancements during Rel-18 XR SI is down prioritized in RAN1.
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.
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.
Agreement
To study whether/how to support a candidate capacity enhancement technique for XR traffic based SPS/CG transmissions, companies are encouraged to consider the following studies:
· Study enhancements related to support of multiple PDSCHs SPS transmission occasions in a period
· Study enhancements related to multiple PUSCHs CG transmission occasions in a period
· Study enhancements related to dynamic adaptation of SPS/CG parameters/configurations
· Study enhancements related to non-integer periodicity for SPS/CG transmissions.
· Note: Other studies are not precluded, as well as the combination of the above studies.
Follow the common principle for assessment of the candidate capacity enhancement technique.
Agreement
To study whether/how to support a candidate capacity enhancement technique for XR traffic based dynamic scheduling/grant transmissions, companies are encouraged to consider the following studies:
· Study enhancements related to extending capability of single DCI scheduling multi-PDSCHs/PUSCHs for FR2-2 to FR1/FR2.
· Note: whether and how to discuss enhancements may depend on the outcome of Rel-17 B52.6G UE feature discussion
· Study enhancements related to HARQ-ACK and/or CBG transmissions for single DCI scheduling one or multi PDSCH(s).
· Study enhancements related to allowing different configurations per PDSCH/PUSCH
· Study enhancement related to scheduling request and/or BSR with the focus on L1 enhancements.
· Note: Other studies are not precluded as well as the combination of the above studies.
· Follow the common principle for assessment of the candidate capacity enhancement technique.
Conclusion
It is common understanding that studying of RAN2 proposed techniques for XR-awareness information to improve XR capacity can be studied in RAN1 upon request from RAN2.
Agreement
The following lists the candidate enhancements techniques for link adaptation to improve XR capacity that are proposed by companies RAN1#109-e. 
· At least the proponents are encouraged to justify the corresponding capacity benefits for XR traffic for considering potential study of these candidate enhancements techniques.  
· Delta MCS
· Soft HARQ-ACK feedback
· Cooperative MIMO scheme via precoding technique - bi-directional training
· Enhanced link adaptation for CBG-based transmission
· CSI report enhancements to address the different BLER requirements of different XR flows
· Follow the common principle for assessment of the candidate capacity enhancement technique.

Agreement
The following lists the candidate enhancements techniques based on measurement-gap link to improve XR capacity that are proposed by companies RAN1#109-e. 
· At least the proponents are encouraged to justify the corresponding capacity benefits for XR traffic for considering potential study of these candidate enhancements techniques.  
· Dynamic L1 based MG activation/deactivation. 
· Reuse current R16/R17 RRM relaxation condition to allow scheduling in MG to transform the R16/R17 RRM power saving gain into capacity gain.
· Follow the common principle for assessment of the candidate capacity enhancement technique.
Agreement
The following lists the candidate enhancements techniques to improve XR capacity that are proposed by companies RAN1#109-e.
· At least the proponents are encouraged to justify the corresponding capacity benefits for XR traffic for considering potential study of these candidate enhancements techniques.  
· Inter-UE/intra-UE multiplexing techniques, including e.g. finer granularity preemption indication
· Follow the common principle for assessment of the candidate capacity enhancement technique.



In this contribution, possible enhancements for XR-specific capacity improvement are discussed. The simulation results of different enhancement methods are also provided.
2. Discussions
Latency and data rate requirements are desired for XR services. Considering XR traffic is quasi-predictable, SPS/CG may be potential technique for XR. SPS and CG are beneficial for control overhead reduction, which can save more resources for data transmission. Moreover, CG is also beneficial for UL service latency reduction. In order to use SPS/CG more efficiently for XR services and improve XR capacity, following solutions can be considered.

Dynamic update of SPS/CG parameters
In R16, the granularity of SPS periodicity can be one slot, which means 1ms for 15kHz SCS, 0.5ms for 30kHz SCS, 0.25ms for 60kHz SCS, etc. The CG periodicity can be symbol level (e.g. 2 symbols, 4 symbols, 7 symbols) or slot level (e.g. 1 slot, 2 slots, 4 slots, etc). However, the SPS/CG periodicity may still mismatch XR traffic arrival periodicity, e.g. typical XR frame rates are 60, 120 frames per seconds (fps), of which frame periodicities are 16.67ms, 8.33ms. In such case, if a very small periodicity value is used, e.g. 1ms or 1slot SPS/CG periodicity, it may lead to resource wasting and/or heavy HARQ-ACK feedback overhead. On the other hand, if periodicity value around the XR service periodicity is used, e.g. 16ms or 17ms, large gap between XR traffic arrival and SPS/CG occasion may occur. 
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Fig 1: Example of mismatch of SPS/CG periodicity and XR traffic

Dynamic SPS/CG periodicity adjustment may be helpful for this case. For example, when the gap between XR traffic arrival and SPS/CG occasion is going to be larger than a certain value, the SPS/CG periodicity can be adjusted to align XR traffic arrival and SPS/CG occasion. 
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Fig 2: Example of SPS periodicity adjustment

Observation 1: Dynamic SPS/CG periodicity adjustment may be helpful for handling mismatch of XR traffic arrival and SPS/CG periodicity.

Another example of parameter adjustment is resource allocation of SPS/CG. For some XR services, e.g. AR UL traffic model with multiple streams, payload size in different time instances may be different. For such case, time and/or frequency resource allocation adjustment can be helpful.
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Fig 3: Example of SPS/CG time/frequency domain resource allocation adjustment

Observation 2: Dynamic SPS/CG resource allocation adjustment may be helpful for handling variable packet size for XR.

Moreover, in some XR use cases, UE may move within an area, e.g. in a predefined/uncertain manner. It may lead to channel condition change or best Tx/Rx beam change. Update of MCS index, or TCI state/spatial relation information may be helpful.
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Fig 4: Example of UE movement for XR service
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Fig 5: Example of SPS/CG beam adjustment

Observation 3: Dynamic update of SPS/CG MCS/TCI state/spatial relation information may be helpful for UE movement for XR.

Proposal 1: Study dynamic update of SPS/CG parameters for XR, e.g., periodicity, resource allocation, MCS, or TCI state/spatial relation.

Multi-PDSCH/PUSCH in one SPS/CG periodicity
Compared to IIoT/URLLC service studied in Rel-15/16/17, XR service has larger packet size. It is possible that one PDSCH/PUSCH in one SPS/CG periodicity may be not enough to transmit one packet. With Rel-16 features, multiple SPS/CG configurations can be used for one packet. However, the supported number of SPS/CG configurations is limited. Moreover, multiple activation (or de-activation) DCIs are needed for multiple SPS/CG configurations. Therefore, multiple SPS PDSCHs / CG PUSCHs in one periodicity is useful for XR service with large payload size. On the other hand, one DCI scheduling multiple PDSCHs/PUSCHs has already been supported in Rel-17 for FR2-2. It can be a starting point for studying multiple SPS PDSCHs / CG PUSCHs in one periodicity, and the workload is expected to be not large.

Observation 4: It is possible that one PDSCH/PUSCH in one SPS/CG periodicity may be not enough to transmit one packet for XR. Using multiple SPS/CG configurations for one packet is not efficient.

Proposal 2: Study multiple SPS PDSCHs or CG PUSCHs in one SPS/CG periodicity for XR.

3. Simulation results 
The XR capacity results for Dense Urban scenario in FR1 are provided in this section, with considering potential enhancements for CG PUSCH. The traffic model for the simulation is UL AR traffic model 3B. Considering more realistic use case, we assume some eMBB users with full buffer traffic model coexist with XR users in the same cell. XR users and eMBB users share all the resources, with about 90% resources allocated to XR users and 10% to eMBB users. More detailed simulation assumptions are provided in Table 1.
Table 1: Detailed simulation assumptions
	Parameter
	value

	Scenarios
	Scenario-2: Dense Urban
hexagonal layout with 7, 3 Sectors

	Channel model
	Uma

	Carrier frequency
	4GHz

	Bandwidth 
	100 MHz, 1.72% Guard Band 

	Subcarrier spacing
	30 KHz 

	Frame structure
	DDDSU (S: 10D:2G:2U) 

	BS Antennas 
(M,N,P,Mg,Ng;Mp,Np)
	Option 1: 64 TxRU

	UE Antennas 
(M,N,P,Mg,Ng;Mp,Np)
	DL: For 4R: (1,2,2,1,1;1,2), (dH, dV)=(0.5, N/A)λ
UL: For 2T: (1,1,2,1,1;1,1), (dH, dV)=( 0.5, N/A)λ

	BS antenna pattern
	3-TRxP pattern, 8 dBi

	UE antenna pattern
	Omnidirectional, 0 dBi

	BS Power
	44 dBm per 20MHz

	UE max Power
	23 dBm 

	UE Power
	Max Tx power: 23 dBm, 
(P0 = -74, alpha = 0.6)

	ISD
	200 m

	BS height
	25 m

	UE height
	Outdoor UEs: 1.5 m
Indoor UTs: 3(nfl – 1) + 1.5; 
nfl~uniform(1,Nfl) where 
Nfl~uniform(4,8)

	Noise Figure
	BS:5 dB, UE:9 dB

	Max MCS
	256QAM

	Device deployment
	20% outdoor, 80% indoor

	Down-tilt
	12 degrees

	BS receiver
	MMSE-IRC

	UE receiver
	MMSE-IRC

	Channel estimation
	Realistic

	Target BLER
	10%

	UE speed
	3 km/h



Four schemes are evaluated for comparison:
· Baseline dynamic PUSCH scheduling (Baseline DG)
· Baseline configured grant PUSCH (Baseline CG)
· Enhanced CG scheme #1 with MCS update: MCS index for the CG configuration can be updated after a certain time duration (e.g. every 0.1ms)
· Enhanced CG scheme #2 with MCS update + CG periodicity update + TDRA/FDRA update: CG periodicity can be adjusted to better align with the CG occasion and XR traffic arrival; MCS can be updated after a certain time duration (e.g. every 0.1ms) to adapt to the channel condition; TDRA/FDRA can be updated to adapt to the varying packet size (e.g. I-frame or P-frame)

Table 2: XR capability performance
	
	Baseline DG
	Baseline CG
	Enhanced CG scheme #1
	Enhanced CG scheme #2

	XR capacity
	1
	1.49
	2.45
	2.69



According to the simulation results in Table 2, we have following observations.
1) Baseline CG outperforms baseline DG with about 49% gain. The reason comes from two aspects. On one hand, latency can be largely reduced for CG than DG. For DG case, when UE needs to transmit UL data, UE needs to wait for “UL” slot to send SR, then wait for DL slot for UL grant DCI reception, then wait for UL slot to transmit PUSCH. The latency would be large for a TDD pattern with DDDSU.  While for the case of CG PUSCH, SR and UL grant DCI are not needed. On the other hand, eMBB users in the system have larger impact for dynamic scheduling case, since they need to compete for resources (e.g. about 90% resource occupied by XR users, 10% resource occupied by eMBB users). For configured grant case, 90% resources are configured/reserved for XR users, and remaining 10% resources for eMBB users.
2) Enhanced CG scheme #1 with MCS update outperforms baseline CG scheme with 64.42% gain. This is because MCS parameter update can provide more timely MCS scheme for the varying channel condition. 
3) Enhanced CG scheme #2 with MCS update + CG periodicity update + TDRA/FDRA update outperforms enhanced CG scheme #1 with only MCS update with 9.8% gain. Update of CG periodicity and TDRA/FDRA can further improve XR capacity performance.

Observation 5: Dynamic update of CG parameters (e.g. MCS, periodicity, TDRA/FDRA) can improve XR capacity.
4. Conclusion
In this contribution, we discussed possible solutions for XR capacity improvement. We have following observations:
Observation 1: Dynamic SPS/CG periodicity adjustment may be helpful for handling mismatch of XR traffic arrival and SPS/CG periodicity.
Observation 2: Dynamic SPS/CG resource allocation adjustment may be helpful for handling variable packet size for XR.
Observation 3: Dynamic update of SPS/CG MCS/TCI state/spatial relation information may be helpful for UE movement for XR.
Observation 4: It is possible that one PDSCH/PUSCH in one SPS/CG periodicity may be not enough to transmit one packet for XR. Using multiple SPS/CG configurations for one packet is not efficient.

Based on the observations, we have following proposals:
Proposal 1: Study dynamic update of SPS/CG parameters for XR, e.g., periodicity, resource allocation, MCS, or TCI state/spatial relation.
Proposal 2: Study multiple SPS PDSCHs or CG PUSCHs in one SPS/CG periodicity for XR.

Based on simulation results for Dense Urban scenario for AR UL model 3B, the following observation can be made:
Observation 5: Dynamic update of CG parameters (e.g. MCS, periodicity, TDRA/FDRA) can improve XR capacity.
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