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Introduction 
In the November meeting, RAN1 declared on-time completion of its study on R18 XR SI. RAN2 declared that its study on two of the three SI objectives (i.e. power savings and capacity improvements) were completed but not the study on XR-awareness in RAN. Based on the status of these two working groups, we discuss when and how R18 XR SI should be converted to a WI.  
Discussion
RAN2
At RAN2#120, it was agreed that the SI objective on XR-awareness in RAN was not complete. Hence additional studies are needed to fully determine the scope of L2 enhancements for supporting XR services, e.g. based on additional SA2/4 input.  
Observation 1.	RAN2 has to continue its study for another quarter, to complete at least the study on XR-awareness in RAN.
SA2 successfully concluded their study on R18 XRM services at SA2#154. Good progresses were made on a number of key issues, especially KI#4 and 5 (PDU Set integrated handling), which have the most impact on RAN2. This outcome considerably reduces the number of design options that RAN2 has to study. Our expectation thus is that RAN2 may not need the full 2 TUs in the next quarter to complete its study on XR-awareness in RAN.
Observation 2.	After SA2 have successfully concluded its SI on XR, RAN2 may not need full 2 TUs to complete its study on XR-awareness in RAN.
Then there can be two options for the other two study objectives (i.e. power savings and capacity improvements). One option is that in Q1 2023 RAN2 starts the WI phase on those two objectives while continue the SI study on XR-awareness in RAN. Another option is that in Q1 2023 RAN2 continues the SI work on all three objectives. In our view, this option is also worth considering, because there are a number of proposals that have strong support among companies (because they are shown to offer good performance gains) but did not have opportunity to be studied during the SI phase. For example,
· DRX enhancements for mitigating the impact of jitters and variable size of data bursts;
· Measurement gap enhancements to reduce interruptions to data traffic.
Observation 3.	There are proposals on power savings and capacity improvements that have strong support among companies but did not get chance to be studied during the SI phase.
In our view, what RAN2 have agreed for power savings and capacity improvements during the SI are fairly limited in scope. For example, power savings include only enhancement for non-integer DRX cycles and certainly can benefit from more enhancements. As these two areas of enhancements arguably are more important to the successful deployment of XR services, we believe it is worthwhile for RAN2 to use some of the 2 TUs in the extended SI phase to study the aforementioned enhancements.
Proposal 1.	RAN2 continue the study on R18 XR based on the existing SID for one more quarter, using the 2 TUs already allocated.
  
RAN1 
CG Enhancements
In the last RAN1 #111 meeting it was agreed that the support of dynamic indication of unused CG PUSCH occasions based on UCI. In our view, the extension of this indication to include the skipping in the frequency domain i.e. indication of unused PUSCH RBs of CG is useful as well and it can further provide power savings. An overallocation requires the UE to transmit over all granted resources including padding bits. Having the UE transmit over all – possibly overallocated granted resources – increases the uplink interference and therefore decreases capacity. Moreover, if the gNB can utilize the skipped resources for other UEs transmissions, the capacity with enhanced scheme is expected to increase as well.
Proposal 2. 	Support of dynamic indication of the unused CG PUSCH resource(s) based on UCI (e.g., CG-UCI or a new UCI) by the UE is recommended for the WI.

Enhancements to Measurement Gaps
The measurement gaps can cause a frequent and significant increasing of packet delay in XR and CG applications, so it should be handled carefully along with CDRX operation. We believe that this MG problem can be resolved by handling the priority of data packets or dynamically activating/deactivating the MG occasions from gNB. Therefore, MG enhancement needs to be discussed in R18.
Proposal 3. 	For XR traffic, MG should be enhanced by handling the priority of data packets or dynamically activating/deactivating the MG occasions from gNB.

Enhancements to PDCCH skipping duration for power saving
During the Rel-18 XR SI, RAN1 identified a wider jitter range [-8, 8]ms from data provided by SA4 ([1][2][3]). This wide jitter range (i.e., 16ms) is almost equal to the DRX cycle for 60fps XR video traffic. gNB needs to use PDCCH skipping to maximize the sleep time and power savings for the UE. Evaluation results showed that in this situation enhancing the PDCCH skipping duration will provide additional UE power saving gain ([2][3]). Among enhancements discussed in RAN1, increasing the number of PDCCH duration values (e.g., >3) is a simple way with minimal specification impacts and good performance gain. If one more bit is added to the PDCCH monitoring adaptation field in the scheduling DCI, there are four more PDCCH skipping durations.
Proposal 4.	Recommend enhancement to PDCCH skipping duration for R18 XR WI. Increase the maximum number of PDCCH duration values to be larger than 3.

Enhancements to PDCCH skipping interaction with HARQ retransmission for power saving
Due to jitter and variable video frame size, ending time of the transmission of a video packet is highly random. To save UE power, gNB can trigger PDCCH skipping at the last PDSCH within the CDRX cycle. If the UE did not successfully detect the last PDSCH, it waits until the PDCCH skipping duration is over to receive the retransmission of the PDSCH. For XR video traffic with tight delay budget (e.g., 10ms), this hurts the UE performance. On the hand, if long PDCCH skipping duration is triggered, capacity may be impacted if the retransmission exceeds PDB of XR video. On the other hand, if short PDCCH skipping duration is triggered, UE power saving gain is compromised. Based on these, it is necessary to enhance the PDCCH skipping design for the unique design requirements of XR video.
During the Rel-18 XR SI, companies proposed the solution that resumes PDCCH monitoring if UE transmits a NACK after PDCCH skipping starts. Compared to other alternative solutions including non-scheduling DCI based PDCCH skipping indication, MAC-CE based early termination of CDRX active time and conservative MCS for the last PDSCH, this proposal shows higher power saving gain and spectral efficiency ([2][3]).
Proposal 5.	Recommend PDCCH monitoring resume if UE transmits NACK after PDCCH skipping starts for R18 XR WI. The feature is enabled and disabled by RRC configuration.

PDCCH skipping indicated by non-scheduling DCI for power saving
During the Rel-18 SI for XR-specific power saving enhancements, companies proposed the non-scheduling DCI based PDCCH monitoring adaptation indication ([2][3]). The non-scheduling DCI can be either based on dummy grant that does not provide valid scheduling information or a dedicated DCI in which fields can be repurposed to provide additional PDCCH skipping information. 
Observation 4.	Dummy grant can be based on 
· a scheduling DCI with invalid RB allocation, i.e., all 0 bitmap for type-0 resource allocation or all 1 bitmap for type-1 resource allocation, 
· a DCI scheduling retransmission of a successfully decoded PDSCH, or 
· NW sends non-zero DL assignment and non-zero UL grant, if the TB for retransmission have different size from the original one
One of the non-scheduling DCI based mechanism and the dummy grant can be adopted by Rel-18 XR-specific power saving for more flexible adaptation of UE CDRX active time to account for the random jitter and variable XR video frame size. It is also necessary to clarify how the dummy grant based solution can work for PDCCH skipping and CDRX active time extension.
Proposal 6.	Recommend one of the following two options for R18 XR WI
· Option 1: Non-scheduling DCI based PDCCH skipping indication 
· Option 2: Clarify that when dummy grant is used to indicate PDCCH skipping and CDRX active time extension, the UE is not required to transmit HARQ feedback and
· if PDCCH monitoring adaptation field of the dummy grant indicates PDCCH skipping, the NDI field is not expected to be toggled and UE skips PDCCH monitoring immediately
· if NDI field of the dummy grant is toggled, PDCCH monitoring adaptation field of the dummy grant is not expected to indicate PDCCH skipping and the UE restarts the CDRX InactivityTimer

Start time for WI
Based on the analysis above, we believe the extra TUs in Q1 2023 can give the R18 XR WI a better defined scope and more solid start. It hence is more desirable and proper to postpone the start time of the R18 XR WI to Q2 2023.
Proposal 7.	The R18 XR WI starts in Q2 2023.
Conclusion
Based on the above analysis, we’d like to respectively request the plenary to discuss and agree the following proposals:
Observation 1.	RAN2 has to continue its study for another quarter, to complete at least the study on XR-awareness in RAN.
Observation 2.	After SA2 have successfully concluded its SI on XR, RAN2 may not need full 2 TUs to complete its study on XR-awareness in RAN.
Observation 3.	There are proposals on power savings and capacity improvements that have strong support among companies but did not get chance to be studied during the SI phase.
Proposal 1.	RAN2 continue the study on R18 XR based on the existing SID for one more quarter, using the 2 TUs already allocated.
Proposal 2. 	Support of dynamic indication of the unused CG PUSCH resource(s) based on UCI (e.g., CG-UCI or a new UCI) by the UE is recommended for the WI.
Proposal 3. 	For XR traffic, MG should be enhanced by handling the priority of data packets or dynamically activating/deactivating the MG occasions from gNB.
Proposal 4.	Recommend enhancement to PDCCH skipping duration for R18 XR WI. Increase the maximum number of PDCCH duration values to be larger than 3.
Proposal 5.	Recommend PDCCH monitoring resume if UE transmits NACK after PDCCH skipping starts for R18 XR WI. The feature is enabled and disabled by RRC configuration.
Observation 4.	Dummy grant can be based on 
· a scheduling DCI with invalid RB allocation, i.e., all 0 bitmap for type-0 resource allocation or all 1 bitmap for type-1 resource allocation, 
· a DCI scheduling retransmission of a successfully decoded PDSCH, or 
· NW sends non-zero DL assignment and non-zero UL grant, if the TB for retransmission have different size from the original one
Proposal 6.	Recommend one of the following two options for R18 XR WI
· Option 1: Non-scheduling DCI based PDCCH skipping indication 
· Option 2: Clarify that when dummy grant is used to indicate PDCCH skipping and CDRX active time extension, the UE is not required to transmit HARQ feedback and
· if PDCCH monitoring adaptation field of the dummy grant indicates PDCCH skipping, the NDI field is not expected to be toggled and UE skips PDCCH monitoring immediately
· if NDI field of the dummy grant is toggled, PDCCH monitoring adaptation field of the dummy grant is not expected to indicate PDCCH skipping and the UE restarts the CDRX InactivityTimer
Proposal 7.	The R18 XR WI starts in Q2 2023.

References
[1] [bookmark: _Ref120780683]R1-2101765, LS to on XR-Traffic Models, SA4 #111e, Nov.11-20, 2020.
[2] [bookmark: _Ref120780685]R1-2213015, Text Proposal for TR 38.835, Nov. 2022.
[3] [bookmark: _Ref120784499]R1-2212701, Final Moderator Summary on XR specific power saving techniques, Moderator (Qualcomm Incorporated).
2
