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Introduction
Substantial progress was achieved in RAN1#104-e towards finalizing the evaluation methodology and identifying KPIs, other than the basic one for a percentage of UEs satisfying the PER and PDB requirements [1]. 

This contribution considers remaining open issues on the evaluation methodology and possible KPIs for XR.

Evaluation methodology and KPIs
General simulation aspects
The metrics to be obtained from SLS can be the PER and the PDB statistics for the given targets of each traffic model. UPT and RU (mean or CDF across UEs) can also be included as they are typically obtained without additional simulation effort. The same metrics are applicable to both DL and UL and it is preferable to decouple DL and UL simulations as the complexity of a joint simulation is substantial while any benefit in improving an accuracy for the metrics is unclear. The UEs can be dropped randomly according to the geometry CDF and with a random time offset. Companies can individually report numbers of UEs or a few candidate values can be predetermined at least for calibration. If scenarios are to be prioritized, the prioritization can reflect market importance and AR should be evaluated with higher priority than CG, while VR can have the lowest priority. For a UE with multiple streams, as it may be considered for the UL, each stream should satisfy the corresponding PER and PDB targets. Possible values for the system capacity can be 90% and 95%. A possible success rate to declare that the PER and PDB targets are satisfied can be 99%.

Observation 1: For prioritization of the simulations, AR > CG > VR.  

Observation 2: SLS results can provide (a) the percentage of UE satisfying the PER and PDB targets (i.e. the system capacity), (b) the PER CDF, the PDB CDF, (d) the UPT, and (e) the RU. 

Observation 3: There is no apparent benefit from coupling DL SLS and UL SLS – separation is baseline.  

In determining latency characteristics, it is preferable to decouple PDB from PER; otherwise, PER may be incorrectly influenced by PDB leading to respective incorrect conclusions. Therefore, a packet failing to meet the PDB should be counted towards only the PDB metric of QoS and not be counted towards the PER metric of QoS when it is correctly received.  

Observation 4: A packet failing to meet the PDB target should not be automatically counted as incorrectly received.  

Jitter can be included when evaluation the PDB according to the agreed truncated Gaussian distribution but, at least for calibration, the jitter can also be disabled. At least for initial evaluations after finalizing the simulation parameters, mobility need not be considered as evaluations are not currently possible. Also, as it is unlikely to have a meaningful simulation model for mobility, corresponding events need not be addressed by simulations. 

TDD Configuration
The are currently 2 options for the TDD configurations in FR1 and FR2; DDDSU and DDDUU. The S slot has 10 DL symbols, 2 flexible symbols, and 2 UL symbols. The last D slot of DDDUU was suggested to include [2]-symbols as gap. It is FFS whether one or both options should be a mandatory part of the evaluations. 

The clarification for the last D slot of DDDUU should be that it includes 2 flexible symbols. The motivation for the DDDUU configuration is to support UL-dominant traffic such as for AR involving video/audio/data (not just pose information). However, it is also the case that in actual deployments the DDDSU with the agreed S structure is used. It is therefore appropriate that at least for the typical DL-dominant deployments, the DDDSU configuration is used. To simplify the analysis, the DDDSU configuration can be mandatory while allowing to consider the S slot as being 2F:12U. For the purposes of modeling UE power consumption, the ‘S’ slots can be considered as a DL slot. Moreover, FR1 evaluations should be prioritized.  

Proposal 1: Agree on the DDDSU configuration as mandatory for all evaluations and on the DDDUU configuration as optional when UL-dominant traffic is considered.


Latency constraints
Although the traffic model for AR is TBD, the traffic characteristics are similar to the DL except that the data rates are smaller. Therefore, the PDB would be 10 msec while the data rate would be several Mbps, e.g. around 10 Mbps, implying data packets in the order of 20,000 bytes for mean size and potentially larger for maximum size. A 10 msec latency from the UE to/from the server means that the latency budget at the physical layer may not exceed 2 msec.

The eMBB model of the UE generating SR and then waiting to be scheduled is unlikely to meet the 10 msec PDB for the DDDSU configuration. The URLLC model relying on CG-PUSCH transmissions to mitigate the impact of DL-heavy TDD configurations is also unlikely to meet the Mbps requirements for XR as it is not possible to reserve multiple corresponding resources with large size and also the transmissions cannot be assumed to be periodic or that the size of the data packets is invariable. Enhancements to CG-PUSCH transmissions for AR should therefore be considered. 

Proposal 2: Consider enhancements for CG-PUSCH transmissions to accommodate large data packets with variable size for AR.

Latency is also a consideration for DL transmissions with respect to corresponding HARQ-ACK reports and the constraints can be similar to those for UL transmissions without the additional delay introduced from a need to have an SR transmission opportunity. Rel-17 URLLC considers carrier switching for PUCCH transmissions with HARQ-ACK information in order to reduce a time for an available PUCCH resource but that is limited to (inter-band) CA operation. The Rel-17 NTN and MBS WIs consider, for different reasons, HARQ-ACK report disabling. Scheduling on a (primary) cell from more than one scheduling cells is considered in Rel-17 DSS to offload PDCCH overhead from the primary cell but having multiple scheduling cells for a scheduled cell can also be considered for latency reductions or for reliability enhancements. In general, the XR SI should consider applicability of all Rel-17 designs for meeting the XR QoS requirements. Rel-16 M-TRP support for URLLC can also be extended to XR traffic for reliability enhancements and the same applies for Rel-17 MIMO schemes that are applicable for increasing capacity.

Observation 5: Several mechanisms that are being developed in Rel-17 WIs are applicable towards satisfying the XR QoS requirements.  


UE Power Savings
UE power consumption received significant focus but, although it is an important consideration, it is not as important as considerations for enabling XR from a system perspective with the corresponding QoS requirements, especially given the availability of Rel-15/16/17 UE PS mechanisms and given that XR introduces other requirements for which Rel-16 support may not exist. A study on UE power consumption for XR should first identify aspects that make XR different from other types of traffic such as eMBB or URLLC. If no such aspects are identified, it is unclear what needs to be done for UE power consumption for XR specific aspects.  
 
Observation 6: UE power consumption does not need to be prioritized for the XR study given the availability of Rel-15/16/17 mechanisms.  

It was agreed that one baseline for evaluation of UE power consumption is that the UE is always ON. Although that is a worst-case scenario, given a PDB of 10 msec, use of C-DRX is not realistically possible at least for UEs as a 10 msec PDB from the UE to/from the server means that the latency budget at the physical layer may not exceed 2 msec. Therefore, configuration of C-DRX will have a direct impact XR QoS evaluations (at least for PDB) and so may other UE power saving schemes to varying levels (e.g. search space set switching may not have an impact, PDCCH skipping will have an impact, and so on). It is noted that XR is different than eMBB in that respect as there were no PDB considerations for the latter. It is also noted that Rel-17 provides UE PS both outside C-DRX and inside C-DRX and a fine-tuning of C-DRX aspects is unlikely to provide material gains.  

Consequently, rather than concluding whether or not a Rel-15/16/17 scheme (referred to as Rel-17 scheme) for power savings is mandatory or optional, it should be rather straightforward to conclude that any new scheme should be mandatorily evaluated against the Rel-17 schemes as applicable on a case-by-case basis (e.g. a new scheme is likely to be addressing similar functionalities as only a subset of Rel-17 schemes). It was further discussed whether an ideal/genie power saving scheme can be considered. That would be useful in a similar manner as considering BLER with ideal channel estimation vs. actual channel estimation, can provide information of how much power saving gain exists to be realized by enabling schemes, and can be optionally provided for information. Similar, any power saving gains beyond the ones available by Rel-17 mechanisms need to be scaled by a percentage of the overall power consumption corresponding to the UE modem (e.g. ~35-40%). 

Observation 7: C-DRX has limited/no applicability for XR applications with 10 msec PDB. 

Observation 8: Power saving schemes that introduce gaps in UE scheduling should be mandatorily evaluated in conjunction with the XR QoS metrics. 

Observation 9: New power saving schemes should be mandatorily evaluated together with applicable Rel-17 schemes (applicability to be determined on a case-by-case basis). 
  

Conclusions
This contribution considered remaining aspects related to the evaluation methodology and KPIs for XR and proposes the following.

Proposal 1: Agree on the DDDSU configuration as mandatory for all evaluations and on the DDDUU configuration as optional when UL-dominant traffic is considered.

Proposal 2: Consider enhancements for CG-PUSCH transmissions to accommodate large data packets with variable size for AR.

In addition, the following observations are made.

Observation 1: For prioritization of the simulations, AR > CG > VR.  

Observation 2: SLS results can provide (a) the percentage of UE satisfying the PER and PDB targets (i.e. the system capacity), (b) the PER CDF, the PDB CDF, (d) the UPT, and (e) the RU. 

Observation 3: There is no apparent benefit from coupling DL SLS and UL SLS – separation is baseline.  

Observation 4: A packet failing to meet the PDB target should not be automatically counted as incorrectly received.  

Observation 5: Several mechanisms that are being developed in Rel-17 WIs are applicable towards satisfying the XR QoS requirements.  

Observation 6: UE power consumption does not need to be prioritized for the XR study given the availability of Rel-15/16/17 mechanisms.  

Observation 7: C-DRX has limited/no applicability for XR applications with 10 msec PDB. 

Observation 8: Power saving schemes that introduce gaps in UE scheduling should be mandatorily evaluated in conjunction with the XR QoS metrics. 

Observation 9: New power saving schemes should be mandatorily evaluated together with applicable Rel-17 schemes (applicability to be determined on a case-by-case basis). 
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