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Introduction
A new Rel-18 Study Item for XR enhancements in NR has been approved in RAN#94. Three main topics are to be studied in RAN1 and RAN2: XR-awareness, XR-specific power saving, and XR-specific capacity improvements.
As clarified in [1] ,the study is to be based on Release 17 TR 38.838, on corresponding Release 17 work from SA4 (as per SP-210043) and on Release 18 work from SA2 (as per SP-211166). 
The objectives of the Study Item include: 
· 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;
In this Tdoc, we discuss XR-specific Capacity improvements. 

Increase/Decrease CG PUSCH occasions in a CG cycle
In RAN1#110bis-e [4], the following agreement has been reached:
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 

UL AR traffic is quasi periodic with low jitter and can rely on Configured Grant (CG) scheduling.  However, the CG resources are configured to the UE semi-statically and will not be able to adapt to the varying video frame sizes. One solution to address this issue is to have multiple PUSCH occasions within the CG cycle and to allow the UE to cancel some PUSCH occasions if it is not going to use them or to request more occasions if needed to accommodate the incoming traffic. 
Providing assistance information to the gNB is always useful. gNB doesn’t have much awareness about the UL traffic and further information from the UE about the need for extra resources or the possibility to cancel some unused PUSCH occasions/resources can help the gNB scheduling. When UL AR packets arrive at the UE modem, the UE knows the packets sizes (PDU Set or/and Data Burst size) and can determine the number of PUSCH occasions/resources required to transmit the packets and the UE can signal this information to the gNB. This allows the network to free the resources if not needed by the UE and recycle them to schedule other UEs and hence achieve better system capacity and better spectral efficiency. Also, if the UE needs more resources to transmit the packets, the UE should be able to do it without the need for SR/BSR transmission and the UL DG scheduling which results in increased delay. CG-UCI could be used to carry this information with minimum specification impact. 
Proposal 1: Introduce new CG-UCI bit-field to cancel unused PUSCH occasions/resources.
Regarding the dynamic indication of the unused CG PUSCH occasions, a new CG-UCI bit-field could be introduced to signal the CG-PUSCH occasions that could be cancelled and the bit-field can be a bitmap that have the size in bits equal to the number of PUSCH occasions configured in the CG cycle and each bit indicates if the PUSCH occasion is going to be used or cancelled. This CG-UCI could be always sent at the first transmitted PUSCH occasion in the CG cycle. 
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To reduce signalling overhead, the cancellation can be sent on the last PUSCH occasion to be used by the UE and cancels all remaining PUSCH occasions. However, this reduces the time for the gNB to recycle the PUSCH occasions and use them to schedule other UEs. 
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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. 
A new CG-UCI bit-field could also be introduced to request extra CG-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

However, we need to discuss the UE behaviour and what motivates the UE to use this feature adequately and not always ask for maximum amount of PUSCH resources and then not use them efficiently. The gNB should be able to enable/disable these features dynamically or semi-statically based on how the feature is used by the UE and the gNB can switch to dynamic scheduling if the enhanced CG schemes are not used efficiently by the UE. 

HARQ retransmissions across carriers in TDD mode
In RAN1#110bis-e [4], the following agreement has been reached:
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

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.
CBG transmission scheme Enhancement
The use of code-block-groups (CBGs) for XR traffic is very beneficial to improve the system efficiency and increase the system capacity. Enhancement to the CBG based transmission can be specified for XR. 
Currently, the maximum number of CBGs per TB is RRC configured (maxCodeBlockGroupsPerTransportBlock) and the specified values are {2, 4, 6, 8}. Figure 1 shows an example of the CBG based transmission where a TB constituted of 4 CBGs as configured in the maxCodeBlockGroupsPerTransportBlock parameter is transmitted. One of the code blocks (CB) in CBG 2 failed the decoding and CBG 2 has to be retransmitted. The UE reports the HARQ-ACK feedback with the number of bits equal to the number of the CBGs and the gNB retransmits the failed CBG instead of the retransmission of the whole TB.  

Since XR traffic can have different flows with video traffic (large packets), audio traffic (small packets), pose/control information (small packets), a flexible number of CBGs per TB is needed. Also, it is useful when mixed traffic is used (e.g. XR traffic and eMBB traffic) and also useful to address the variable packet sizes for the XR traffic (large I-slices vs. smaller P-slices). For very small packets, CBG could be disabled and then enabled for larger packets.
The number of CBGs per TB could be L1 signalled for better flexibility as shown in Figure 2. Therefore, a new DCI bit-field could be used to signal the number of CBGs per TB. 
Another alternative is to have the CBG transmission scheme enabled/disabled dynamically. For example, the CBG transmission scheme can be enabled per traffic flow (e.g. enabled for video traffic and disabled for audio traffic) or enabled depending on the TB size.
Proposal 7: The number of CBGs per TB could be L1 signalled for better flexibility for the XR traffic.
Proposal 8: The CBG transmission scheme to be enabled/disabled dynamically.

 Adaptive number of HARQ retransmissions

gNB and UE can have awareness about delay budget and priority of PDUs or PDU sets. gNB can also have awareness about RAN congestion. Therefore, gNB and UE should be able to decide to drop a PDU or a PDU set due to delay budget expiry or due to congestion (e.g. dropping low priority PDUs or PDU sets).
 gNB and UE should be able to decide to limit the number of HARQ retransmissions to meet the delay budget and limit the congestion. In DL, gNB can signal to the UE that the current transmission will have no retransmissions.  Then, the UE doesn’t need to send a HARQ-ACK feedback and can flush the buffer after the decoding regardless of the decoding result. This will reduce the DL retransmissions and the HARQ-ACK feedback overhead and improves the DL and UL capacity.
 In UL, if it consists of the first transmission, UE can indicate to the gNB that the current transmission will have no retransmissions.  If it consists of a retransmission UE can also indicate that this is the last retransmission. In these cases, gNB doesn’t need to schedule a retransmission. UE can be more explicit and indicate assistance information like the remaining delay budget for a specific PDU or PDU set and signal this information to the gNB via UCI piggy-backed on PUSCH or via MAC-CE. 
Proposal 9: Adaptive number of HARQ retransmissions could be studied for better system capacity.

Conclusion
In this contribution, we have presented several potential enhancements for the XR service that could be studied and explored further to enable XR service capacity enhancement.
We made the following proposals: 

Proposal 1: Introduce new CG-UCI bit-field to cancel unused PUSCH occasions/resources.
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
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.
Proposal 7: The number of CBGs per TB could be L1 signalled for better flexibility for the XR traffic.
Proposal 8: The CBG transmission scheme to be enabled/disabled dynamically.
Proposal 9: Adaptive number of HARQ retransmissions could be studied for better system capacity.
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[bookmark: _Ref114758717]Figure 2: CBG transmission with dynamic number of CBGs per TB
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