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Introduction
This contribution considers capacity enhancements for XR. 

Discussion
Capacity enhancements for XR were discussed in RAN1#110bis-e leading to a number of agreements/conclusions and recommendations by the moderator for discussions in RAN1#111 [1, 2]. 

New designs for CG-PUSCH
A first recommendation for discussion is the following [2].
· On CG enhancements:
· Please focus on the discussions in sections 2.1, 2.2 and 2.3 captured with the following agreement:
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 

In general, using CG PUSCH would be highly detrimental for XR capacity. PDCCH overhead for DG-PUSCH is negligible (e.g. required resources are several orders of magnitude fewer than required resources for XR PDSCH/PUSCH – e.g. few kbps for DCI vs. tens of Mbps for data information) and throughput gains from link adaptation offered by DG-PUSCH can easily exceed 100% for NR. 

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.

In general, it should be rather self-evident that use of CG PUSCH (and SPS PDSCH) is unnecessary and a particularly poor choice for XR as link adaptation is essential for capacity and video traffic is not predictable for arrival time or packet size. 

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


Initial transmission and retransmission of a TB on different cells
A second recommendation for discussion is the following [2].
· On DG enhancements
· Please focus on the discussions in sections 3.5 with respect to proposals 3-5-5/6 captured the following agreement:
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

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.


Other enhancements
A third recommendation for discussion is the following [2].

· On Other LA/MIMO/MG enhancements
· Please focus on the discussions in sections 4.4 captured with the following proposal:
Proposal 4-4-1:
· 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 


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. 

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.

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


Conclusions
This contribution considered mechanisms for XR capacity enhancements and proposes the following.

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

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.

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


In addition, the following observations are made. 

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

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.

Observation 3: 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 using proposed new CG designs.

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