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[bookmark: _Ref492503575]Introduction
Following highlighted XR WID objectives and related proposals will be discussed in this contribution.
Specify the enhancements related to capacity:
-	Multiple Configured Grant (CG) PUSCH transmission occasions in a period of a single CG PUSCH configuration (RAN1, RAN2);  
-	Dynamic indication of unused CG PUSCH occasion(s) based on Uplink Control Information (UCI) by the UE (RAN1, RAN2);
-	Buffer Status Report (BSR) enhancements including at least new Buffer Status Table(s) (RAN2);
-	Delay reporting of buffered data in uplink (RAN2);
-	Discard operation of PDU Sets for DL and UL (RAN2, RAN3);
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);






XR Enhancements 
[bookmark: _Toc127309437][bookmark: _Toc127311181]PDU Set QoS Parameter handling: 
During RAN3#121, it was agreed that 
Add the PDU Set QoS Parameters in the QoS Flow Level QoS Parameters IE over NGAP, XnAP, F1AP and E1AP. 
The PDU Set QoS parameters includes:
· PDU Set Delay Budget (PSDB).
· PDU Set Error Rate (PSER).
· PDU Set Integrated Handling Information (PSIHI).
PDU Set Information as below needs to be transferred over NG-U, Xn-U and F1-U:
· PDU Set Sequence Number.
· Indication of End PDU of the PDU Set.
· PDU Sequence Number within a PDU Set.
· PDU Set Size in bytes.
· PDU Set Importance, which identifies the relative importance of a PDU Set compared to other PDU Sets within a QoS Flow.

 RAN3#121bis Agreements:
A new support indication should be included in the SMF-related IEs, i.e. 
· PDU Session Management case: PDU Session Resource Setup Response Transfer, PDU Session Resource Modify Response Transfer,
· Handover case: Path Switch Request Transfer, and Handover Request Acknowledge Transfer IEs.
FFS whether to use an explicit PDU Set handling Support indicator, or indicate a list of supported NGAP IE IDs from NG-RAN upon request from SMF
WA: Taking Opt1(Explicit PDU Set handling Support indicator) for XR in R18.
During RAN3#121bis meeting, there was long discussion about how gNB indicates its support for PDU Set QoS handling to SMF. 
During PDU Session Resource setup/Modification procedure, SMF provides PDU Set QoS Parameters IE within QoS Flow Level QoS Parameters. gNB has to provide PDU Set QoS handling indication to SMF, so that SMF can inform UPF to provide PDU Set Information to CU-UP via GTP-U header information.
Mainly 2 options were discussed 1) Explicit PDU Set handling indication by RAN, which is similar to MBS Support Indication adopted for MBS 2) RACS-like solution as described in [3].
Technically both solutions would work and intention of RACS-like solution is to specify new frame work for SMF to enquire NG-RAN support of specific features in SMF transparent container and based on NG-RAN provided response, SMF can take necessary action. But this requires addition specification work and interaction with SA2, CT4 WGs needed. Additionally there is still need to specify what is the meaning of each NGAP Protocol IE-Id in specification. This is equivalent to having bit pattern and specifying meaning of each bit in NGAP Protocol IE-Id. Probably, this can be further discussed in future releases for new features.
Since SA2 already agreed and there is no functional issue with specifying Explicit PDU Set Handling Indication , we prefer to adopt this method for R18 XR PDU Set QoS support indication.
Thus, we propose
[bookmark: _Toc146663012][bookmark: _Toc146713513][bookmark: _Toc146713651][bookmark: _Toc146799942][bookmark: _Toc149422071]RAN3 agrees to adopt “Explicit PDU Set handling Support indicator” to indicate RAN support for PDU Set QoS Handling to SMF.
Upon receiving PDU Set QoS parameters within QoS Flow level QoS parameters from SMF, CU-CP provides same parameters to CU-UP via E1-AP Bearer Context Setup/Modification messages and to DU via F1-AP UE Context Setup/Modification procedures. Both CU-UP and DU have to provide PDU Set Support Indication to CU-CP, so that CU-CP knows whether PDU Set QoS parameters handling is supported by CU-UP and DU.
[bookmark: _Toc146663013][bookmark: _Toc146713514][bookmark: _Toc146713652][bookmark: _Toc146799943][bookmark: _Toc149422072]Upon receiving PDU Set QoS parameters from CU-CP, DU indicates to CU-CP whether PDU Set QoS handling is supported or not in F1AP-UE Context Setup/Modification Response messages.

[bookmark: _Toc146663014][bookmark: _Toc146713515][bookmark: _Toc146713653][bookmark: _Toc146799944][bookmark: _Toc149422073]Upon receiving PDU Set QoS parameters from CU-CP, CU-UP indicates to CU-CP whether PDU Set QoS handling is supported or not in E1AP-Bearer Context Setup/Modification Response messages.
How RAN handles QoS flows based on PDU Set QoS Parameter received: 

RAN3#121 discussed following issue without any conclusion.

Continue to discuss the solution based on the possible cases as below:
Case1: NG-RAN node supports PDU set QoS parameters, and the corresponding QoS flow is setup successfully
Case2: NG-RAN node supports PDU set QoS parameters, but the corresponding QoS flow is setup as legacy QoS flow
Case3: NG-RAN node does not support PDU set QoS parameters, the corresponding QoS flow is setup as legacy QoS flow

Based on PDU Set QoS parameters received from SMF, if the gNB supports PDU set QoS parameters handling then it will setup resources for PDU set QoS handling in user plane , which is case 1 mentioned above.
For case 2, even if RAN supports PDU Set QoS handling but due to resource limitations RAN may not be able to setup PDU Set QoS parameters but instead RAN may decide to fallback to some other corresponding legacy 5QI. But in such situations, both RAN and 5GC provided PDU Set QoS Policies in PCF may be different. In such cases, we think RAN has to inform SMF about which legacy 5QI based QoS Flow can be setup. This will help SMF to make appropriate QoS policy decision based on PCF configured Operator Policy. This requires discussion in SA2 as well. Thus, we propose to send an LS to SA2 for case.
[bookmark: _Toc146799945][bookmark: _Toc149422074]For case 2: “NG-RAN node supports PDU set QoS parameters, but the corresponding QoS flow is setup as legacy QoS flow”, RAN alone can’t make its independent decision and RAN has to inform 5GC. Send LS to SA2 to describe the scenario.
Due to congestion or other gNB internal issues if gNB can’t handle PDU Set QoS parameters anymore and when gNB is able handle PDU Set QoS parameters after sometime then gNB has to inform SMF though PDU Session Resource Notify procedure. This will ensure that both SMF and gNBs will remain in sync about PDU Set handling and SMF can indicate to UPF whether to continue to provide PDU Set Information in N3 GTP-U headers.

[bookmark: _Toc146663015][bookmark: _Toc146713516][bookmark: _Toc146713654][bookmark: _Toc146799946][bookmark: _Toc149422075]gNB indicates to SMF whether PDU Set QoS handling can’t be supported anymore or when PDU Set QoS handling can be supported again using NGAP PDU SESSION RESOURCE NOTIFY message.
Unidirectional handling of PDU Set QoS parameters: 
TS 23.501 [1] clause 5.7.7.2 states that "a QoS Flow is associated with only one PDU Set Delay Budget. The value of the PDU Set Delay Budget is the same in UL and DL." Equivalent text on PSER is included in clause 5.7.7.3.
It appears that this text was copied by SA2 from PDU QoS without any thought process. As UE support for detecting UL PDU Sets is optional, it may not always be possible to support UL PDU Set handling. At the same time, it should still be possible to support PDU Set QoS in downlink direction even if a UE (or a UE application) does not support UL PDU Set handling. This would however require the network to be able to only signal PSDB and PSER for downlink to NG-RAN so that RAN does not unnecessarily reserve resources for the uplink.
Furthermore, it is in general not reasonable to assume that PSDB and PSER would necessarily be the same in uplink and downlink for all XR applications (e.g., for virtual reality applications).
Similarly the PDU Set Integrated Handling Information may be different in UL and DL direction given that the application requirements in terms of whether all PDUs of a PDU Set are needed or not may vary in UL and DL direction.
Observation 1 : Even if UE does XR Application does not support UL PDU Set QoS handling, it should be possible for RAN to handle DL PDU Set QoS parameters received from 5GC.

Observation 2 : PDU Set QoS requirements may not be same for DL and UL.

This issue was discussed in RAN3#121bis and an LS was sent to SA2 asking their feedback in [4].
RAN3#121bis :
It is considered beneficial to introduce separate DL and UL PDU Set QoS parameters in the QoS flow QoS Parameters. 
However from RAN resource management perspective, it is beneficial to support and this we proposes that SMF to signal PSDB, PSER and PSIHI separately for uplink and downlink and may also decide to only provide uplink or downlink values for these parameters.
[bookmark: _Toc146713655][bookmark: _Toc146799947][bookmark: _Toc149422076][bookmark: _Hlk146543427]RAN3 agrees that SMF signal PSDB, PSER and PSIHI separately for uplink and downlink and 5GC may also decide to only provide downlink values for these parameters and agree corresponding stage-2 and stage-3 TPs.
PDU Set QoS handling in non-Homogeneous deployment:

It is possible that PDU Set handling may not be supported by all gNBs in non-homogeneous deployment. 
During HO from source gNB supporting PDU Set QoS handling, it provides PDU Set QoS parameters received from SMF to target gNB via Xn Handover Request Message and if target gNB is capable of handling PDU Set QoS Parameters, it can provide an explicit PDU Set QoS Handling Indication to source gNB in Xn Handover Response Message. Based on this support indication received from target gNB, source gNB can decide whether to send PDU Set Parameters in Xn-U or not.
[bookmark: _Toc149422077]During HO preparation phase, target gNB provides PDU Set QoS handling support indication in Xn Handover Response Message to source gNB. This enables source gNB to decide whether to send PDU Set Parameters or not to target gNB in Xn-U.  
During handover from source gNB not supporting PDU Set handling to another target gNB supporting PDU set handling, source gNB is not expected to provide PDU Set QoS parameters to target gNB. If target gNB is capable of supporting PDU Set QoS parameters then similar to MBS Support Indication IE, target gNB has to indicate PDU Set support Indication to SMF in Path Switch Request Transfer IE within NGAP Path Switch Request message. Based on this indication, SMF may decide to provide PDU Set QoS parameters to target gNB either in PATH SWITCH RESPONSE Message or by using PDU SESSION RESOURCE MODIFICATION Procedure after handover completion.

Observation 3 : In MBS work item, RAN3 introduced “MBS Support Indication” IE in Path Switch Request Transfer IE , Handover Request Acknowledge Transfer IE and PDU Session Resource Modify Response Transfer IE

Based on this, we propose

[bookmark: _Toc146663016][bookmark: _Toc146713517][bookmark: _Toc146713656][bookmark: _Toc146799948][bookmark: _Toc149422078]In Non-homogeneous deployment of PDU Set handling, during handover procedure, target gNB supporting PDU set handling always provides new explicit “PDU Set support indication IE” to SMF in Path Switch Request Transfer IE of PATH SWITCH REQUEST Message.       

[bookmark: _Toc146663018][bookmark: _Toc146713519][bookmark: _Toc146713658][bookmark: _Toc146799950][bookmark: _Toc149422079]SMF may provide PDU Set QoS parameters to target gNB either in PATH SWITCH RESPONSE Message or using PDU SESSION RESOURCE MODIFICATION Procedure after handover completion.
RAN Awareness of XR UL traffic:

RAN2#123 agreements
UE reports Burst Arrival time and Jitter associated with the UL data burst periodicity in uplink using UAI.  
UE reports UL data burst periodicity in uplink using UAI.
All UAI fields for XR are optional fields in RRC. FFS how to handle persistency of signalled information (e.g. UE reports BAT first, then jitter).
Reuse UAI framework, e.g. network can configure when UE is allowed to report UAI. Exact triggering upon being configured and change of UAI is up to UE implementation. Network can configure prohibit timer for the reporting. 

RAN3#121bis :
The encoding of the N6 Jitter Information needs further checking from RAN2 progress
FFS how gNB-CU-CP handles the received XR UE assistance information (e.g., UL jitter information, BAT). Whether signalling to gNB-DU is needed.


From above RAN2 agreements, it is clear that UE provide XR UL traffic characteristics to RAN as assistance information for UL scheduling. UE provides UL data burst arrival time, Jitter associated with it, UL data burst periodicity via RRC UE Assistance Information Message. This RRC will be received by CU-CP and the same information has to be provided from CU-CP to DU via F1-AP signalling to DU because DU is responsible for both DL and UL Scheduling of radio resources.
Thus, we propose 
[bookmark: _Toc149422080]CU-CP provides UL data traffic assistance information received from UE (via RRC UAI message) to DU via F1-AP UE CONTEXT MODIFICATION REQUEST Message for assisting DU with its UL PUSCH resource scheduling decisions. 

Summary 
Based on above discussion, we have the following observations and proposals for XR PDU Set handling enhancements. 
Proposal 1.	RAN3 agrees to adopt “Explicit PDU Set handling Support indicator” to indicate RAN support for PDU Set QoS Handling to SMF.
Proposal 2.	Upon receiving PDU Set QoS parameters from CU-CP, DU indicates to CU-CP whether PDU Set QoS handling is supported or not in F1AP-UE Context Setup/Modification Response messages.
Proposal 3.	Upon receiving PDU Set QoS parameters from CU-CP, CU-UP indicates to CU-CP whether PDU Set QoS handling is supported or not in E1AP-Bearer Context Setup/Modification Response messages.
Proposal 4.	For case 2: “NG-RAN node supports PDU set QoS parameters, but the corresponding QoS flow is setup as legacy QoS flow”, RAN alone can’t make its independent decision and RAN has to inform 5GC. Send LS to SA2 to describe the scenario.

Observation 1 : Even if UE does XR Application does not support UL PDU Set QoS handling, it should be possible for RAN to handle DL PDU Set QoS parameters received from 5GC.

Observation 2 : PDU Set QoS requirements may not be same for DL and UL.

Proposal 5.	gNB indicates to SMF whether PDU Set QoS handling can’t be supported anymore or when PDU Set QoS handling can be supported again using NGAP PDU SESSION RESOURCE NOTIFY message.
Proposal 6.	RAN3 agrees that SMF signal PSDB, PSER and PSIHI separately for uplink and downlink and 5GC may also decide to only provide downlink values for these parameters and agree corresponding stage-2 and stage-3 TPs.
Proposal 7.	During HO preparation phase, target gNB provides PDU Set QoS handling support indication in Xn Handover Response Message to source gNB. This enables source gNB to decide whether to send PDU Set Parameters or not to target gNB in Xn-U.
Observation 3 : In MBS work item, RAN3 introduced “MBS Support Indication” IE in Path Switch Request Transfer IE , Handover Request Acknowledge Transfer IE and PDU Session Resource Modify Response Transfer IE

Proposal 8.	In Non-homogeneous deployment of PDU Set handling, during handover procedure, target gNB supporting PDU set handling always provides new explicit “PDU Set support indication IE” to SMF in Path Switch Request Transfer IE of PATH SWITCH REQUEST Message.
Proposal 9.	SMF may provide PDU Set QoS parameters to target gNB either in PATH SWITCH RESPONSE Message or using PDU SESSION RESOURCE MODIFICATION Procedure after handover completion.
Proposal 10.	CU-CP provides UL data traffic assistance information received from UE (via RRC UAI message) to DU via F1-AP UE CONTEXT MODIFICATION REQUEST Message for assisting DU with its UL PUSCH resource scheduling decisions.
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