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1. Introduction
[bookmark: Proposal_Pattern_Length]UE radio capabilities for Rel-18 XR are discussed here considering the WI objectives [1] and agreements taken so far.
Specify the enhancements for XR Awareness:
-	Signalling by CN of semi-static information per QoS flow (e.g. PDU set QoS parameters), dynamic information per PDU set (PDU Set information and Identification) and End of Data Burst indication (RAN3, RAN2);
-	Impact of identifying by UE of PDU Sets, Data bursts and PSI, as needed (RAN2);
-	Provisioning by UE of XR traffic assistance information e.g. periodicity, UL traffic arrival information (RAN2, RAN3);
-	Support signalling the congestion information from RAN to the CN in alignment with SA2 (RAN3);
Specify the enhancements related to capacity:
-	Discard operation of PDU Sets for DL and UL (RAN2, RAN3);
-	Buffer Status Report (BSR) enhancements including at least new Buffer Status Table(s) (RAN2);
-	Delay reporting of buffered data in uplink (RAN2);
[bookmark: _Hlk134630281]-	Multiple Configured Grant (CG) PUSCH transmission occasions in a period of a single CG PUSCH configuration (RAN1, RAN2);  
[bookmark: _Hlk134630309]-	Dynamic indication of unused CG PUSCH occasion(s) based on Uplink Control Information (UCI) by the UE (RAN1, RAN2);
Specify the enhancements related to power saving:
-	DRX support of XR frame rates corresponding to non-integer periodicities (through at least semi-static mechanisms e.g. RRC signalling) (RAN2).
1. Discussion
1. XR awanress in RAN
0. UE identificaiton of XR related information to PDU Set and Data Burst
From the beginning of Rel-18 XR SI phase, RAN2 understanding is that the same PDU set related information is available for UL. This expected UE behaviour was informed to SA2 and SA4 in multiple LS as shown below:
“RAN2 assumes that PDU Set based parameters and PDU Set related information may be used for better support of XR services. RAN2 can consider both UL and DL directions.” [2]
”Furthermore, RAN2 has also agreed that the UE needs to be able to identify PDU Sets / Bursts but that in-band marking of PDUs in the uplink over Uu (the equivalent of downlink marking in GTP headers) is not needed.” [3]
“RAN2 considers that the PDU set concept is applicable to both UL and DL.” [4]
Neither SA2 or SA4 has raised any concern on this regard when responding to the corresponding LSs. Therefore, RAN2 assumption on the applicability of PDU set related information to the UL XR traffic seems reasonable. 
[bookmark: _Toc131541678][bookmark: _Toc131542314][bookmark: _Toc131714651][bookmark: _Toc134646522][bookmark: _Toc134738134]During Rel-18 XR SI phase, RAN2 informed SA2 and SA4 multiple times the assumption that PDU set concept is applicable to UL side and UE is able to identify the corresponding PDU set related information. By not responding to this, RAN2 understands that there is no concern/issue identified by SA2 and SA4 on this regard.
From AS point of view, RAN2 does not need to discuss whether or how this PDU set related information is visible. This kind of discussion should be left up to SA2 and SA4, e.g. whether similar upper layers add PDU set related information in each packet vs leaving these details up to UE implementation. Each new mechanism defined as part of Rel-18 WI would have its own specific new UE capability (as discussed in next sections of this document). In addition, it seems preferable if another new capability is defined to indicate whether UE has visibility (or not) to the PDU set information/concept as this might not always be required for the applicable feature(s) as discussed below. On other hand, whether a new capability is needed or not for the Data Burst concept is still unclear understanding that RAN2 is still discussing the related enhancements as explained in next sections, therefore we suggest leaving this FFS.
Proposal 1. [bookmark: _Toc134646525][bookmark: _Ref134709385][bookmark: _Toc131541373][bookmark: _Toc131541511][bookmark: _Toc131541675][bookmark: _Toc131542310][bookmark: _Toc131628048][bookmark: _Toc131714654][bookmark: _Toc134738125]To confirm that UE AS layer has visibility to the same PDU set concept/information for UL as it is currently defined by SA2 for DL traffic.
Proposal 2. [bookmark: _Toc134738126]A new optional radio capability (e.g., supportOfPDU-Set) is defined to identify UE supporting PDU set concept/information. FFS whether a new radio capability is required for UE’s knowledge of the Data Burst related concept/information,

0. UE assistance of XR related information to gNB
RAN2 is currently discussing possible UE assistance of XR related information to gNB with  RAN2#121bis-e related agreements as follows:
· UE can report jitter information associated to UL XR traffic. How UE derives this jitter is left up to implementation (similarly as it is captured by SA2 for the jitter associated with the periodicity in DL). FFS what exactly is reported to the RAN (aim to have similar information as for DL). FFS on UL traffic data arrival reporting. 
· FFS on whether EoDB signalling is needed.
SA4 LS [5] also “ask RAN2 to provide feedback on the feasibility and value of having additional signaling bits related to End of Burst and inter-burst time within Rel-18”.
At least a new UE capability seems desirable for the new UE assistance information related to XR traffic. The open question is whether a single capability indication is sufficient or different ones are preferable for each of the different new UE assistance information.
[bookmark: _Toc134646523][bookmark: _Toc134738135]RAN2 agreed for UE to provide UL jitter information to RAN and it is FFS whether UE might also be defined other ones such as end of data burst or inter-burst time.
Proposal 3. [bookmark: _Toc134646526][bookmark: _Toc134738127]At least one new optional UE capability signaling is defined for the new UE assistance information related to XR traffic requires. 
Proposal 3.1. [bookmark: _Toc134646527][bookmark: _Toc134738128]If RAN2 agrees to provide multiple kind of UE assistance information (so far UL jitter is agreed, and it is FFS at least End of data burst and inter-burst time), to discuss whether a single capability is sufficient or multiple ones is preferable (i.e., one per each kind of information that UE can provide). 

1. Capacity related enhancements
1. Discard operation of PDU Set
RAN2 agreements to enhance discard operation for XR traffic considering the PDU set concept are as follows: 
RAN2 #121bis-e
· PDU set discard is modelled using the existing PDCP discard timer for the uplink. The timer is in network control.
RAN2 #121
· RAN2 thinks PSI can be useful for PDU set-based discard. RAN2 aims to introduce a mechanism to allow UE to handle discarding of packets with different PSI in case of congestion. FFS for other cases.
RAN2 #120
· For uplink, handling of discard FFS.
· RAN2 to support timer-based discarding of UL transmit side of PDCP PDU/SDUs of a PDU set. FFS how this is modelled in PDCP specification, can be discussed in WI phase.
A new UE capability would be required to identify UEs that can perform this new discard enhancement. Further granularity does not seem essential. However, it seems necessary that UE is able to identify PDU set related concept/information (i.e., UE shall support supportOfPDU-Set explained in previous Proposal 1).
Proposal 4. [bookmark: _Toc134646528][bookmark: _Toc134738129]A new optional UE capability signaling (e.g., supportOfDiscardPDU-Set) is defined to identify Rel-18 UEs supporting discard operation associated with the PDU Set concept. This supportOfDiscardPDU-Set is optional capability only if UE also supports supportOfPDU-Set. 

1. BSR enhancements (including new BS table(s))
RAN2 agreements to enhance BSR defining new BS table(s) for XR traffic are as follows: 
RAN2 #121bis-e
· Have more discussions on Option 2a (static BSR tables) vs Option 2b (RRC configured BSR tables). In next meeting, companies should explain how BSR table(s) are created and how many tables would be needed, and how the MAC CE structure will look like. Should also explain what is the expected quantization error.
· Deprioritize Option 2c (static + dynamic BSR tables) and Option 2d (reference table + scaling factor).  
· Support of new BSR table(s) is based on NW configuration and UE capability. FFS whether the UE capability can apply to non-XR UEs.
· New BSR table(s) can be used by any UEs that support such a capability. However, design of the new BSR table(s) should be based on XR-specific use cases and requirements.
· At least linear distribution is used for generating code points in new BSR table(s).  FFS whether exponential distribution can be considered too.  FFS if piecewise linear distribution is supported.
· Design/configuration for new BSR table(s) should include support for narrower ranges (i.e. finer granularity) than the legacy. Details can be discussed after an agreement on how UE obtains new BSR table(s) (e.g. pre-definition vs RRC configuration) is made. 
· Network can configure which BSR table(s) an LCG is eligible to use. UE determines which BSR table (i.e. legacy or something else) the LCG should use. FFS details of this determination (e.g. based on buffer size) and how network knows which BSR table each LCG uses.
· As a working assumption, at most one BS index or BS value is reported by an LCG. This assumption can be revisited if new BSR table design cannot achieve a target level of quantization error. FFS what this target level should be. 
· As working assumption (depending on how we create the new BSR table(s) and the MAC CE format), If more than one new BSR table are introduced, all of them have the same size BS field. FFS on the exact size. 
RAN2 #121
· New BSR tables are fixed (=specified) or semi-static (RRC-based). 
· FFS how many BSR tables are defined.
RAN2 #120
· RAN2 thinks we need one or more additional BSR table(s) for XR. FFS whether these are static (=specified) or dynamic (e.g. generated, differs according to some RRC parameter), can be discussed in WI phase. 
· RAN2 needs to discuss additional BSR triggering conditions to allow timely availability of buffer status information at gNB. This can be discussed in WI phase.
A new UE capability would be required to identify UEs that can performe this new BSR enhancement. Further granularity does not seem essential at this point although further details of the actual enhancements could be included as the WI progresses.
Proposal 5. [bookmark: _Ref134645546][bookmark: _Toc134646529][bookmark: _Toc134738130]A new optional UE capability signaling (e.g., supportOfNewBS-Table) is defined to identify Rel-18 UEs supporting BSR enhancements associated with the new BS tables. FFS whether this capability may also include other BSR related enhancements (e.g., new BSR trigger conditions) and whether it has any pre-requirement (e.g., to the support of supportOfPDU-Set).

1. Delay reporting of buffered data
RAN2 agreement to enhance delay reporting of buffered data is as follows: 
RAN2 #120
· RAN2 will introduce data volume information associated with delay information (e.g. remaining time) in a MAC CE. FFS if this is extension of BSR or new format. FFS how to do that (e.g. what exactly is reported) and how to ensure this information is up-to-date e.g. considering UL scheduling delay.
RAN2 still needs to discuss whether the delay reporting is defined as an enhancement associated to BSR or as a different format. However due to the different UE complexity associate with the specific feature, it might be preferable that it has it own UE capability to be able to distinguish its support.
Proposal 6. [bookmark: _Toc134646530][bookmark: _Toc134738131]To discuss whether a new optional UE capability signaling (e.g., supportOfDelayReporting) is defined to identify Rel-18 UEs supporting enhancements associated with the delay reporting of the buffered data or whether this is included as part of Proposal 4, i.e., new UE capability on BSR related enhancements.

1. RAN1 lead topics: Multiple CG PUSCH transmission occasions in a period of a single CG PUSCH configuration and Dynamic indication of unused CG PUSCH occasion(s) based on UCI
Most likely two new UE capabilities will be needed for the two features currently under discussion by RAN1, however we suggest waiting for RAN1 input on its associated requirements.
Proposal 7. [bookmark: _Toc134646531][bookmark: _Toc134738132]Wait for RAN1 input on new UE capabilities for RAN1 lead objectives, i.e., Multiple CG PUSCH transmission occasions in a period of a single CG PUSCH configuration and Dynamic indication of unused CG PUSCH occasion(s) based on UCI.

1. Power saving related enhancements
2. C-DRX enhancements for XR traffic with non-integer periodicities
RAN2 agreements to enhance C-DRX in order to better support XR frame rates with non-integer periodicities are as follows: 
RAN2 #121bis-e
· RAN2 will not consider solution 3, i.e. multiple active DRX configurations as a solution to the non-integer periodicity for XR traffic, i.e. UE would have only one DRX configuration 
· To address SFN wrap around, it is proposed to adopt option with a counter in DRX formula that increments at every SFN wrap around and an DRX reference SFN signalled by network. FFS if this is based on H-SFN, E-SFN or a generic counter.
RAN2 #121
· Companies should evaluate the RAN2 specification impacts and any other RAN2 aspects of their proposals for XR DRX.
· Companies should evaluate the (high-level) impacts to RAN1/4 specification from their proposals for XR DRX.
· Companies should try to coordinate with each other offline and bring joint proposals to next meeting. RAN2 aims to exclude proposals with least support in the next meeting.
· Companies should evaluate the RAN2 specification impacts and any other RAN2 aspects of their proposals for SFN wrap-around.
· Same as for DRX solutions, companies should try to coordinate with each other offline and bring joint proposals to next meeting. RAN2 aims to exclude proposals with least support in the next meeting.
RAN2 #120
· RAN2 aims to allow XR frame rates that correspond to non-integer periodicities in at least semi-static manner (e.g. RRC). Details can be left to WI phase.
RAN2 #119bis-e
· At least RRC pre-configuration and switching of configurations of DRX could be considered for enhancements of XR power saving. Other solutions are not precluded and can be further discussed.
A new UE capability would be required to identify UEs that can perform this new C-DRX enhancements for XR traffic. Further granularity does not seem essential.
Proposal 8. [bookmark: _Toc134484170][bookmark: _Toc134629113][bookmark: _Toc134629120][bookmark: _Toc134646532][bookmark: _Toc134738133]A new optional UE capability signaling (e.g., supportOfRationalDRX) is defined to identify Rel-18 UEs supporting C-DRX enhancements targeting any traffic with non-integer periodicity.







1. Conclusion
The observations captured are the following:
Observation 1.	During Rel-18 XR SI phase, RAN2 informed SA2 and SA4 multiple times the assumption that PDU set concept is applicable to UL side and UE is able to identify the corresponding PDU set related information. By not responding to this, RAN2 understands that there is no concern/issue identified by SA2 and SA4 on this regard.
Observation 2.	RAN2 agreed for UE to provide UL jitter information to RAN and it is FFS whether UE might also be defined other ones such as end of data burst or inter-burst time.
The proposals captured are the following:
Proposal 1.	To confirm that UE AS layer has visibility to the same PDU set concept/information for UL as it is currently defined by SA2 for DL traffic.
Proposal 2.	A new optional radio capability (e.g., supportOfPDU-Set) is defined to identify UE supporting PDU set concept/information. FFS whether a new radio capability is required for UE’s knowledge of the Data Burst related concept/information,
Proposal 3.	At least one new optional UE capability signaling is defined for the new UE assistance information related to XR traffic requires.
Proposal 3.1.	If RAN2 agrees to provide multiple kind of UE assistance information (so far UL jitter is agreed, and it is FFS at least End of data burst and inter-burst time), to discuss whether a single capability is sufficient or multiple ones is preferable (i.e., one per each kind of information that UE can provide).
Proposal 4.	A new optional UE capability signaling (e.g., supportOfDiscardPDU-Set) is defined to identify Rel-18 UEs supporting discard operation associated with the PDU Set concept. This supportOfDiscardPDU-Set is optional capability only if UE also supports supportOfPDU-Set.
Proposal 5.	A new optional UE capability signaling (e.g., supportOfNewBS-Table) is defined to identify Rel-18 UEs supporting BSR enhancements associated with the new BS tables. FFS whether this capability may also include other BSR related enhancements (e.g., new BSR trigger conditions) and whether it has any pre-requirement (e.g., to the support of supportOfPDU-Set).
Proposal 6.	To discuss whether a new optional UE capability signaling (e.g., supportOfDelayReporting) is defined to identify Rel-18 UEs supporting enhancements associated with the delay reporting of the buffered data or whether this is included as part of Proposal 4, i.e., new UE capability on BSR related enhancements.
Proposal 7.	Wait for RAN1 input on new UE capabilities for RAN1 lead objectives, i.e., Multiple CG PUSCH transmission occasions in a period of a single CG PUSCH configuration and Dynamic indication of unused CG PUSCH occasion(s) based on UCI.
Proposal 8.	A new optional UE capability signaling (e.g., supportOfRationalDRX) is defined to identify Rel-18 UEs supporting C-DRX enhancements targeting any traffic with non-integer periodicity.
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