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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction 
In RANP#95e meeting, a revised study item on XR enhancements for NR was approved [1]. The study is to be based on the outcome of Release 17 study item [3], on corresponding Release 17 work from SA4 [5] and on Release 18 work from SA2 [6]. The study item addresses XR-awareness in RAN, XR-specific power saving, and XR-specific power saving.  The 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.
In RAN1#110 meeting, the following selected agreements on XR capacity were made [2]:
	Conclusion
There is no consensus in RAN1 on the benefits of enhancing SPS for the purpose of XR capacity enhancement
Agreement
Whether/how to enhance BSR to improve capacity performance of XR traffic is within RAN2 scope and is not handled by RAN1.
Deprioritize the study of CQI report for different BLER and/or different XR traffic to improve XR capacity performance.
Deprioritize the study of intra/inter UE prioritization/multiplexing enhancements to improve XR capacity performance.




In RAN1#110b-e meeting, further agreements were made, including the following [3]:
	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 

· 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

Conclusion
· No further discussion in RAN1 for Rel-18 XR to extend the support of legacy single DCI scheduling multi-PDSCHs for FR2-2, to other SCS in FR1/FR2-1.

· The capacity gain performance results in R1-2208661, R1-2209658 and R1-2209198 corresponding to enhancements based on multi-PDSCH scheduling by a single DCI are captured in XR SI TR

· Study on enhancement for CBG based HARQ-ACK feedback reporting is down-priorotized in RAN1 XR SI.
· The following proposed enhancements techniques to improve XR capacity performance are down-priorotized in RAN1 XR SI:
· (P3-5-3) Study on PHR enhancement based on XR traffic arrival periodicity or UL pose periodicity.
· (P3-5-4) Study mechanism of packet dropping based on the PDB requirement, to avoid resource waste due to the out-of-date packets.

· Study of soft HARQ-ACK and Delta MCS in RAN1 XR SI for improving XR capacity is down-priortized.
· Note: The corresponding capacity gain performance results in R1-2210003, R1-2208377 and R1-2203607 are captured in XR SI TR.

· Study on enhanced CQI based on CBG transmission, and study on enhanced CQI based on DMRS for improving XR capacity are down-priortized in RAN1 XR SI.
· Note: The corresponding capacity gain performance results in R1-2208402 and R1-2209536 are captured in XR SI TR.

· Study on Cooperative MIMO via DL interference probing based on SRS enhancement for improving XR capacity is down prioritized in RAN1 XR SI.
· Note: The corresponding capacity gain performance results in R1-2208377 are captured in XR SI TR.

· No consensus to continue study on differentiation of XR multiple flows based on CG enhancement in RAN1 XR SI.

· No consensus to continue study of multi-bits SR mechanisms for capacity improvement of XR traffic in RAN1 XR SI.




This contribution provides our views on the mechanisms to improve XR capacity, including SPS/CG enhancements and dynamic grant enhancements for the transmission of XR service that has specific characteristics as described above.
2. Discussion
Non-integer periodicity aspect of XR traffic 
XR traffic may require a transmission with non-integer periodicity due to the required video frame rate in XR traffic. The typical video frame rates are 30, 60, and 90 fps. An XR transmission with 60 fps requires a transmission interval with 16.67 ms. Furthermore, XR is a delay sensitive application. A certain delay in the transmission can reduce user experience. Buffering large amount of data from the transmission may not be possible as it may introduce significant delay.
The legacy 5G NR typically uses Semi-Persistent Scheduling (SPS) and Configured Grant (CG) to handle a periodic transmission (e.g., voice call). Hence, the usage of control channel/information can be minimized and resulting in improved capacity. However, the legacy SPS periodicity is using a selected integer number as shown below:
SPS-config = periodicity ENUMERATED {ms10, ms20, ms32, ms40, ms64, ms80, ms128, ms160, ms320, ms640,spareX}
The current SPS configuration is not designed to accommodate quasi-static periodicity of XR transmissions. This is illustrated in the following Figure 1. Here, a mismatch between the SPS allocation pattern and the XR traffic pattern is illustrated. Furthermore, the mismatch gets accumulated over time.
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[bookmark: _Ref101457237]Figure 1: Mismatch of SPS allocation pattern and XR traffic pattern

[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.
We consider enhancing the existing SPS/CG configuration so that it can dynamically adjust the transmission to accommodate the XR traffic pattern. Some of the transmission based on SPS/CG configuration can be slightly adjusted (delayed) so that basically all transmission is transmitted in an integer slot number. 
SPS enhancement can be seen as reduction of the PDCCH transmission. The PDCCH transmission is typically used a small time/frequency resources as the payload size is relative small. Then, it can be argue the capacity reduction of SPS enhancement is relatively small. However, the search space for PDCCH transmission can also be considered small. A large size of search space may increase UE power consumption as the UE has more blind detection operation.
[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.
In case of UL transmission with configured grant (CG), the UE should be aware that the transmission has been dynamically adjusted. We consider the adjustment can be implicit or explicitly indicated to the UE. Implicit indication can be supported by providing the adjustment rules defined in the specification. Hence, the amount of signalling between gNB and UE can be minimized. Explicit indication can be supported by providing some new parameters representing the adjustment value. This may require some new parameters in CG configuration.
[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.
Alternatively, another possible simple dynamic CG configuration is to use pseudo periodic CG as shown in Figure 2, where CG configuration for XR traffic with 30 FPS is selected for illustration purpose. Since the period of 30 FPS traffic is 33.33 ms, the basic period of pseudo periodic can be set to 33 ms. With an extra 1 ms inserted in the beginning of every 3rd CG occasions, the time gap between traffic generation and transmission resources can be limited to no longer than 1ms. This could make the CG configuration matching with XR traffic every 100ms. Similarly, this pseudo periodic CG configuration can be applied to SPS transmission for the downlink case. 
[image: ]
[bookmark: _Ref101449699]Figure 2: A schematic/illustration of pseudo periodic CG

[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.

Multiple flows aspect of XR traffic
In RAN1#110b-e meeting, XR multiple flows differentiation with CG transmission was discussed with following conclusion as stated before.
· No consensus to continue study on differentiation of XR multiple flows based on CG enhancement in RAN1 XR SI.
However, since multi-flow is a typical characteristic for XR, different flows show different parameters of traffic model and QoS. CG configuration for one stream may not well suit the other, resulting in capacity loss thereafter. Moreover, in the paralleled agenda item on power saving, similar issues on multi-CDRX configuration for multi-flow is also under discussion. In FL’s summary on power saving as below [10], companies show concerns on single DRX configuration matched to one traffic flow may not fulfill the PDBs of other traffic flows, leading to capacity loss as well. Therefore, it seems beneficial to differentiate multiple flows in XR.
	Medium priority Issue 1-3: CDRX enhancements for multiple XR traffic flows [Note 2]
Note 2: It can also be adopted for addressing issue 1-1.

[RD1] Question 2.3-1: For the proposed multiple CDRX configurations, which decision above do you suggest?

[RD2] Item 2.3-1: Multiple active CDRX configurations
During 1st round discussion, companies show the following concerns
· Power saving gain needs to be compared with other alternatives
· More than one CDRX would change the principle of MAC protocol

Moderator: Based on email discussions, Moderator suggests to further study the proposal.




Next, we would like to give two specific cases to show the benefit of differentiating multiple flows with CG transmission, with the assumption of AR scenario with two DL (I-stream and P-stream) and three UL streams (I-stream, P-stream and pose/control stream). 
Case 1: To cover the validation of CG for multiple streams in XR[7], multiple CG and dynamic update of CG configurations were proposed [6]. However, considering one more characteristic where both UL I-stream and P-stream have same traffic  periodicity, then  two CG with different CG id but same periodicity are needed, this will waste CG configuration since the max number of CG is limited to 12 by radio resource control (RRC). Alternatively, another method is to use same CG id but different resource allocation for different streams in pursuit of CG configuration efficiency. But in this case, UE needs to know which stream the DCI indicates.
Case 2: Even if two CG with different CG id but same periodicity in case 1 are configured for each stream as intended, configuring both CG to one single stream is still necessary in some situations. For example, when one stream is with both large packet size and stringent PDB and the other is not, it is beneficial to configure both CG to this single stream since two HARQ id will be assigned to improve the throughput. But in this case, also UE needs to know which stream the both DCI indicate for. 
Noticing this, in this section, we would like to propose a scheme with multi CS-RNTIs configuration as the indication of different streams to solve above issues.
An example of the multi CS-RNTIs scheme is illustrated in Figure 3. Firstly, two CS-RNTIs associated with different streams will be configured and sent by RRC signalling, e.g. CS-RNTI1 will indicate the operations of CG type II for UL I-stream (green) and CS-RNTI2 for UL P-stream (purple). The third periodic UL stream (yellow) can be served by CG type I without CS-RNTI. Through this configuration and scheduling procedure, two streams share same CG id but different resource allocation can be supported corresponding to case 1. One stream with two CG id but same periodicity can also be supported dynamically and flexibly. With only multi CS-RNTIs configuration in RRC and low complexity on multi CS-RNTIs descrambling and CRC checking, as well as no increasing of PDCCH blind detection per DCI, proposed multi CS-RNTIs scheme show less specification impact and more flexible/dynamic indication of CG per stream.

[image: ]
[bookmark: _Ref101449718]Figure 3:Multi CS-RNTIs configuration for multi streams in XR.
[bookmark: _Toc118351682][bookmark: _Toc118351876][bookmark: _Toc115340467][bookmark: _Toc118716373]Proposal 4: Capture in the TR that XR multiple flows differentiation with CG transmission is needed. 
[bookmark: _Toc118351683][bookmark: _Toc118351877][bookmark: _Toc118716374]Proposal 5: Multi CS-RNTIs configuration  can be considered as one of the identifications of multiple flows. 

UL Scheduling Enhancements for XR traffic
There are two types of scheduling schemes supported in NR: dynamic scheduling (DG) and semi-persistent scheduling (SPS/CG). Some scheduling enhancements may be needed for UL XR traffic as discussed in this section.
In our view, dynamic scheduling may be well-suited for DL scheduling, but for UL scheduling there will be significant delays as UE should initially provide an indication of the availability of the data (e.g., via SR) to the gNB, and then waits from the gNB to schedule with a limited data as gNB does not know how much data is available in the UE’s buffer, and subsequently the UE includes BSR in the PUSCH and waits to be scheduled for larger data based on latest BSR information.
[bookmark: _Toc118716247]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.

SPS/CG scheduling: SPS and CG scheduling are well-known mechanism/schemes to reduce control overhead and power consumption for the periodic traffic with predictable packet sizes. However, XR traffic may not be exactly periodic and/or packet sizes are not predictable and/or there may be a jitter (only for DL). 
For UL CG scheduling, assuming that there is no jitter issue for XR traffic in the uplink, the main issues to be resolved are the latency (in case DG is assumed as above) and variable packet sizes as the scheduler locates at the gNB (not at the UE). To circumvent the latency and variable packet sizes for XR traffic, we propose to combine CG and dynamic scheduling where the UE controls/decides its scheduling assignments dynamically within the pre-configured uplink resources (CG), named as a UE-based scheduling mode/enhanced CG(eCG). In this mode, the periodicity of the CG resource is tailored to the XR traffic profile (note that the periodicity could be as small as in every slot/1ms), and the size of the CG resource can be based on the largest packet size for XR traffic in order to be able to accommodate variable packet sizes. However, the UE allocates just enough PUSCH resource for itself each time within the CG resource depending on the current packet size and channel condition. In addition, when some CG occasions are not needed, the UE indicates to the network, so that other UEs can be scheduled these resources in the future.
The benefit of UE-based scheduling/eCG is to reduce latency, avoid the interferences, choose appropriate link adaptation parameters, and enable variable packet sizes, etc. Another benefit is that there may not be a good reason to configure multiple CG resources if a UE can schedule itself at any time with variable packet sizes based on CG occasions/periodicity. There could be different options of achieving the combination of CG and UE-based scheduling mode as follows:
Option 1: CG-UCI. Some control information can be piggy-backed/inserted on the CG PUSCH, like the legacy CG-UCI, to carry some scheduling information for this occasion and/or the future occasions: 
· UCI and CG PUSCH are encoded separately so that gNB can decode the UCI before decoding CG PUSCH. 
· Each UE with XR data can be assigned a separate DMRS, for example if there are 12 UEs, each UE can have a unique DMRS.
· Overlapped resources are allowed to be configured among different UEs, except UCI resources for each UE.
· Indicate to gNB whether CG resources are needed in the subsequent slots/occasions so that gNB can schedule the resources to other UEs.
Option 2: Separate Control Region/resource. Each UE is pre-allocated a separate “orthogonal” control region/resource (like PUCCH) that carries scheduling information for PUSCH from the UE within CG resource for this occasion and/or the future occasions. As in option 1, the gNB first decodes the control channel in order to know the control information for PUSCH. In addition, the control information could also tell to gNB whether CG resources (except the control region) are needed in the subsequent slots/occasions so that gNB can schedule the resources to other UEs. In this option, as the control region/resource is separate and orthogonal with other UEs, the UE can start its scheduling at any time within CG occasions, hence reducing the latency.
[bookmark: _Toc115340470]In order to verify the capacity performance gains of the above proposed CG enhancement scheme (eCG), i.e., UE-based UL scheduling, we set-up system level simulations for the three different schemes: the baseline DG, legacy CG and eCG (UE-based UL scheduling). The XR traffic is based on UL video (10 Mbps and 60 fps) for all schemes (DG, CG and eGG) where the detailed simulation parameters are captured on Table A.1 in Appendix. 
Based on the earlier study [4], the system capacity is defined as the maximum number of users per cell such that at least 90% of UEs being satisfied, and where the UE satisfaction is measured as the packet success rate (PSR) of 99%. If packet delivery delay exceeds a given PDB, then, the packet is counted as failure.
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.

 [image: ] [image: ] [image: ]
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.

[image: ]
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).
The system capacity simulation results are shown on Figure 4 which depicts PDB = 10ms, PDB = 15ms and PDB = 30ms from left to right.
When PDB = 10ms, the performance of the baseline DG suffers (i.e., a smaller number of satisfied UEs) because it has limited time to deliver the packets, i.e., most of the packets exceed PDB and got dropped due to SR+DG delay and retransmission delays. The performance of the normal CG also suffers due to limited transmission occasions and less time available for retransmissions, hence the packets exceed PDB and got dropped. However, the capacity performance of eCG1 (UE-based scheduling) is much superior to the baseline DG and normal CG, because the eCG1 scheme can modify/adjust the scheduling parameters dynamically (i.e., MCS, number of PRBs, number of layers and releasing the unused resource in advance) and as a result most of the packets are transmitted within PDB, contributing more UEs to be satisfied. Furthermore, comparing eCG1 and eCG2, it can be clearly seen that eCG1(UE-based scheduling) gives better performance due to dynamic adaptation of scheduling parameters (i.e., MCS, number of PRBs and number of layers within the CG resource) in addition to dynamic indication of whether the subsequent CG occasions will be used/unused until next XR data arrival.
When PDB = 15ms, the performance of the baseline DG and normal CG has improved (i.e., more satisfied UEs) because the PDB is slightly longer and there is more time to deliver the packets. However, the capacity performance of eCG1 (UE-based scheduling) is still much superior to the baseline DG and normal CG, because the eCG1 scheme can modify/adjust the scheduling parameters dynamically (i.e., MCS, number of PRBs, number of layers and releasing the unused resource in advance) and as a result most of the packets are transmitted within PDB, contributing more UEs to be satisfied. Furthermore, comparing eCG1 and eCG2, eCG1 still performs better than eCG2 due to dynamic adaptation of scheduling parameters. 
When PDB = 30ms, the performance difference between the baseline DG/normal CG, eCG1 and eCG2 narrows due to longer PDB and as a result the number of satisfied UEs has improved significantly for all schemes. But eCG1 scheme (UE-based scheduling) still provides the best performance.
Furthermore, Table 1 captures the summary of the capacity performance results for the baseline DG, normal CG eCG1 (UE-based scheduling) and eCG2. It can be observed that eCG1 provides higher capacity than the baseline DG and legacy CG as well as eCG2. Hence, the higher capacity performance presented here motivates to enhance the normal/legacy CG scheme for improving the XR capacity.
[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.
In the last meeting, it was agreed 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. 

[bookmark: _Hlk117872497]Based on the above initial agreement, it is obvious that the study is not limited to the above techniques, as it 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. Moreover, according to the capacity performance gains shown above for enhanced CG schemes, there is clear justification and benefits to enhance the current/legacy CG scheme. Hence, we propose that 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. In addition, the capacity performance results provided in this contribution should be captured in XR SI TR.
[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)

DL Dynamic Grant Enhancements
We consider the existing PDSCH and PUSCH transmission for downlink and uplink, respectively needs to be enhanced in order to support XR traffics. For example, these issues could occur in XR traffics:
· A unit of video transmission (e.g., a video frame) is ideally transmitted in a large packet size (e.g., PDSCH with a large transport block size). However, the transmission using radio-interface may have limited radio resources (e.g., bandwidth) and the radio resource allocation may also be affected by the channel conditions. Hence, the transmission of a video frame in a transport block may not always be possible. 
· A video transmission in XR must be processed sequentially, e.g., per-frame based. After a successful decoding of a video frame, the receiver will continue in decoding the next video frame. In case of a failure in decoding a video frame, the receiver either drops that video frame and continue the next one or receives a retransmission of the failed video frame and attempts to decode it prior to processing to the next one. Dropping the video frame will reduce the User experience. The retransmission can only be supported as long as it is still within the packet delay budget (PDB). Otherwise, it will increase the latency and resulting in reducing the user experience.

In the current NR system, the transmission with multiple PDSCHs can be used to alleviate to aforementioned issues. A unit of video transmission can be transmitted with a single DCI for multiple PDSCHs. However, we need to consider high reliability for the multiple PDSCH transmissions scheduled by a single DCI. A failure in one of the PDSCHs may increase the latency. It may result in the packet reception exceeding the packet delay budget (PDB). As part of the dynamic grant enhancement, the multiple PDSCH transmission for XR application shall consider reliability aspects by taking into account the radio condition after the first part of PDSCH(s). The reliability can be improved, for example, by scheduling different modulation coding scheme (MCS), time/frequency diversity in the multiple PDSCHs.
[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.
3. Conclusion
In this contribution, we made the following observations:
Observation 1: Depending on the XR traffic pattern, there can be a mismatch of periods between NR SPS/CG configuration and XR traffic.
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.
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.
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.
Our proposals are given below:
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.
Proposal 2: Capture in the TR that the Dynamic CG configuration to dynamically adjust the transmission in order to accommodate the XR traffic pattern.
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.
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.
Proposal 7: Capture the capacity performance results from this contribution in XR SI TR (Excel sheet is attached in this contribution)
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.
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Appendix.  Evaluation parameters

Traffic model:
· Characteristics of XR traffic - Model 1: one stream model[image: ]

Table A.1: System simulation parameters
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15ms PDB

Schemes Capacity 

(#users)

Gain (comparing 

to Normal DG)

eCG1/

UE-based

(Proposed)

4.4

47%

eCG2 3.23 8.3%

Normal DG 3.0 0%

Normal CG 2.5 -16.7%

30ms PDB

Schemes Capacity 

(#users)

Gain (comparing 

to Normal DG)

eCG1/

UE-based

(Proposed)

6.4 0.8%

eCG2 6.0 -5.6%

Normal DG 6.35 0%

Normal CG 5.6 -11.8%
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Parameters unit value

Packet size byte

Follows clause 5.1.1.1 (i.e., mean packet size = R×1e6 / F / 8, 

STD/Min/Max=10.5/50/150%)

packet generation rate: F  Hz 60

Jitter ms Optional, follows the description in clause 5.1.1.2

Data rate: R Mbps 10 (baseline)

PDB ms 15 (baseline), (15, 30 optional)

Statistical parameters for AR UL Model 1 (one stream model)
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Parameter value

Scenarios Dense Urban

Carrier frequency 4GHz

Bandwidth 100 MHz

Subcarrier spacing 30 KHz

Frame structure DDDSU (S: 10D:2G:2U) for UL interaction/pose information delivering, DDDSU (S : 12D:2G:0U)

BS Antennas

(M,N,P,Mg,Ng;Mp,Np)

For 64R: (8,8, 2, 1, 1; 4, 8)

(dH,dV) = (0.5λ, 0.5λ);

UE Antennas

(M,N,P,Mg,Ng;Mp,Np)

For 2T: (1,1,2,1,1;1,1)

(dH, dV)=( 0.5, N/A)λ

BS antenna pattern Ceiling-mount pattern, 8 dBi

UE antenna pattern Omnidirectional, 0 dBi

Max Tx Power UE: 23 dBm, gNB: 44dbm for 20MHz (For system BW larger than above, Tx power scales up accordingly.)

Power control P0 = -80 dBm, alpha = 0.8

Noise Figure 5dB for BS and 9dB for UE

Scheduler PF

Device deployment

80% of users are indoor,20%of users are outdoor;

Use 3km/h for modeling fading channel

Down-tilt 12 degrees

BS receiver MMSE-IRC

UE receiver MMSE-IRC

Channel estimation Realistic

Target BLER 10% for first transmission

UE speed 3 km/h

PHY processing delay UE PUSCH processing Capability #1

DMRS overhead 1 symbol 

Max number of HARQ Process  4

Max HARQ transmission 

(including initial tx)

1+3


