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Following are RAN3#123bis agreements: 
For XR DC, RAN3 agree to support MN-terminated MCG bearer, SN-terminated SCG bearer, MN-terminated SCG bearer, and SN-terminated MCG bearer.
PDU set based handling:
Add the behavior text on handling the PDU Set QoS Parameters IE in S-NG-RAN node Addition Preparation procedure and M-NG-RAN node initiated S-NG-RAN node Modification Preparation procedure.
WA: SN reports the PDU Set based Handling Indicator in S-NG-RAN node Addition Preparation procedure and M-NG-RAN node initiated S-NG-RAN node Modification Preparation procedure for the MN-terminated SCG bearer, SN-terminated MCG bearer and SN-terminated SCG bearer. FFS on whether non-homogenous DC is supported or not. 
ECN marking:
Enhance the S-NG-RAN node Addition Preparation procedure and M-NG-RAN node initiated S-NG-RAN node Modification Preparation procedure, to transfer the ECN Marking or Congestion Information Reporting Request IE to S-NG-RAN node, and support the S-NG-RAN node to report ECN Marking or Congestion Information Reporting Status to M-NG-RAN node.
PSI Discard coordination:
The PDCP host node to inform the corresponding node about whether the UL PSI based SDU discarding is (re)configured/released for MN-terminated SCG bearer and SN-terminated MCG bearer over XnAP.
UL PSI based discard coordination for split bearer between MN and SN will not be considered for NR-DC. FFS whether MN/SN can inform SN/MN about the (de)activation of the UL PSI based discard for the split bearer.
FFS on whether and how to support DL PSI based discard for NR-DC.
FFS on BAT reporting in NR-DC.
In this contribution, we will discuss enhancements for remaining open issues to support XR in NR-DC Configuration.




XR DC Enhancements  
XR PDU Set handling for NR-DC 
In R18 XR enhancements, during PDU Session Resource setup procedure, SMF provides PDU Set QoS parameters per QFI to gNB and gNB indicates to SMF whether it will support PDU Set handling or not. Based on whether gNB supports PDU Set handling or not, SMF informs UPF whether to send PDU Set Information to gNB via GTP-U header in NG-U. 
In case of NR-DC, MN has to provide PDU Set QoS Parameters per QFI to SN during SN addition and SN Modification procedure. If SN supports PDU Set QoS handling, SN is expected to provide response to MN. During RAN3#123bis meeting, some companies argued that PDU Set handing support indication is per gNB level and is not per DRB type and  this is correct statement . When SN indicates support of PDU Set handling, MN can node can decide which DRB types to be configured for handling XR handling. If SN does not support PDU Set handling and if only MN supports PDU Set handling then MN can decide to configure MN terminated MCG bearers for handling XR traffic for a UE configured with NR-DC. If both MN and SN supports PDU set handling,  then MN can configure MN terminated MCG bearers, SN terminated SCG bearers , MN terminated SCG bearer , split bearer or SN can decide to request MN for SN terminated MCG bearer for XR traffic handling.
It is essential for SN to indicate to MN about whether it supports PDU Set QoS handling or not.
Thus, we propose to convert following working assumption to agreement.
WA: SN reports the PDU Set based Handling Indicator in S-NG-RAN node Addition Preparation procedure and M-NG-RAN node initiated S-NG-RAN node Modification Preparation procedure for the MN-terminated SCG bearer, SN-terminated MCG bearer and SN-terminated SCG bearer. 
[bookmark: _Toc166016881]Convert WA to agreement “SN reports the PDU Set based Handling Indicator in S-NG-RAN node Addition Preparation procedure and M-NG-RAN node initiated S-NG-RAN node Modification Preparation procedure for the MN-terminated SCG bearer, SN-terminated MCG bearer and SN-terminated SCG bearer.”
Non-homogeneous support of XR features for NR-DC 

FFS on whether non-homogenous DC is supported or not.
During RAN3#123bis, one company argued that NR-DC deployment assumes same set of features are supported by both MN and SN. In practice, there is no such specification requirement. Both MN and SN can be either from different Infra Vendors or different software releases or combination of macro + small cells from different infra vendors etc. It is not correct to assume that for NR-DC deployments, both MN and SN will always support homogeneous set of features. 
Therefore, we propose
[bookmark: _Toc166016882]For XR DC, non-homogeneous support of XR enhancements will be supported as baseline. i.e, it is not necessary for both MN and SN supporting all XR enhancement features including PDU Set handling, Congestion and ECN marking etc.


UL PSI based discarding for split bearers
In R18 XR enhancements, RAN2 introduced UL PSI based SDU discarding feature. Lets first quickly recap the functionality. gNB configures shorter UL PDU Set discard timer to UE via RRC signalling procedure, which is separate timer compared to UL PDCP discard timer. By default, upon receiving discardTimerForLowImportance via RRC signalling, UL PSI based SDU discarding is disabled. When gNB detects congestion, gNB uses MAC CE to inform UE to activate per DRB level UL PSI based SDU discarding. Based on UE implementation, UE marks UL PDU Sets as High and Low importance. Upon activating UL PDU set discarding, UE will discard low importance UL PDU Sets. This means UE may still transmit high priority UL PDU Sets and discards low priority UL PDU Sets to alleviate gNB congestion.
Relevant RAN2 agreements are given below:
RAN2#123 Agreement: RAN2 agreed the timer-based PDU set discarding for congestion alleviation, in which the network preconfigures two PDCP discard timers per DRB via RRC, and indicates the lower PDU sets to apply the shorter PDCP discard timer in case of congestion via MAC CE
RAN2#125 Agreement: For PSI-Based SDU Discard Activation/Deactivation MAC CE, Di field indicates the activation/deactivation status of the PSI-based SDU discard of DRB i, where i is the ascending order of the DRB ID among the DRBs configured with PSI-based SDU discard and with RLC entity(ies) associated with this MAC entity.
For NR-DC scenario, we have MCG Bearer, SCG Bearer and Split Bearer. 
For MCG bearer, MN hosts RLC bearer and for SCG bearer, SN hosts RLC bearer. For MCG bearer, MN sends MAC CE to activate UL PSI based discarding and UE can enable UL PDU Set discarding. Similarly for SCG bearer, SN sends MAC CE to activate UL PSI based discarding. For both MCG and SCG bearers, MN and SN can activate UL PSI based discarding and there is no issue.
But in case of Split DRB, there is one PDCP entity associated with 2 RLC bearers (one RLC bearer from MN and another RLC bearer from SN). At any given time, either MN or SN or both node may have congestion and they may send MAC CE to UE for activating UL PSI based PDU set discarding. But from network side, both MN and SN MACs are not co-ordinated with each other and congestion is local to each node. For DC split bearer, upon receiving MAC CE either from MN or SN to activate PSI based PDU set discarding, UE should not activate UL PDU Set discarding. 
If only one node/CG associated with a UL split-bearer is congested, UE still can use the other node/CG without problem. Therefore, 
· A UL split-bearer is considered in congestion state and activates PSI-based SDU discard only after it has received de-/activation MAC CEs activating the discard from both MN and SN. 
· A UL split-bearer deactivates PSI-based SDU discard once it has received a de-/activation MAC CE deactivating the discard from either MN or SN. 

This involves RAN2 discussion and RAN2 has to clarify what is intended UE behaviour for UL split bearer scenario and if needed RAN3 can send an LS to RAN2.
Observation 1: For split DRB, one PDCP entity will be associated with both MN and SN RLC bearers.
Observation 2: Upon receiving MAC CE command from gNB, UE activates/deactivates UL PSI discarding for low priority PDU sets. 
Observation 3: For MN terminated SCG bearer, SN terminated MCG bearer, MCG/SCG bearers, only one cell MAC CE controls activation/deactivation of PSI discarding and there is no issue.
Observation 4: In case of NR DC Split Bearer, UE behaviour is not clear if either MN or SN sends MAC CE to activate or deactivate PSI discarding and RAN2 has to clarify intended UE behaviour. 
UL PSI based discard coordination for split bearer between MN and SN will not be considered for NR-DC. FFS whether MN/SN can inform SN/MN about the (de)activation of the UL PSI based discard for the split bearer.
FFS on whether and how to support DL PSI based discard for NR-DC.
For split bearer, ul-DataSplitThreshold IE received from network will be used by UE to determine whether to send UL data to primary RLC only or both primary RLC and secondary RLC legs. When UL data is above ul-DataSplitThreshold then UE stats reporting BSR to both primary and secondary nodes (i.e both MN and SN). From network side, MN DU and SN DU are not co-ordinated and congestion is local to each node. This means that MN and SN DUs can send MAC CE for activation of UL PSI based PDU discarding and UE may still continue to send UL BSR to both MN and SN. 
If MN sends MAC CE to activate UL PSI based PDU set discarding to UE and it will be beneficial for MN DU to inform its MAC CE to SN DU as well. This helps SN node to learn that MN is having congestion and SN has to handle UL split bearer traffic more proactively based on BSR reports received from UE. Similarly, SN can provide its congestion status to MN DU when SN sends MAC CE to UE for activation/deactivation. MN DU and SN DU congestion co-ordination will assist each DU to learn congestion of other node and can handle UL DRB traffic effectively without UE dropping UL PSI based PDU Sets and also trying to avoid race condition between MN and SN DUs as much as possible.
This involves RAN3 signalling enhancements for F1-AP and Xn-AP.
Observation 5: MN and SN congestion is local to each node and each node sends MAC CE to activate/deactivate UL PSI based PDU Set discarding to UE based on local node congestion. 
Observation 6: MN and SN congestion information is not known to each other and each node UL scheduling decision for UL split bearer is independent of other node congestion state, which may cause sub-optimal UL split bearer traffic handling.
In order to have effective co-ordination between MN and SN handling of UL split bearer scheduling for PSI based PDU Set discarding, we propose  
[bookmark: _Toc163073839][bookmark: _Toc163073874][bookmark: _Toc166016883]For split DRB case, when MN sends MAC CE to activate/deactivation PSI based PDU set discarding to UE, it also informs SN about MN congestion situation. 
[bookmark: _Toc163073840][bookmark: _Toc163073875][bookmark: _Toc166016884]For split DRB case, when SN sends MAC CE to activate/activate PSI based PDU set discarding to UE, it also informs MN about SN congestion situation. 

For DL PSI based discard, in R18 XR, RAN3 introduced E1-AP enhancements to enable CU-CP to configure DL PSI based discard timer value to CU-UP.
Each of MN and SN CU-CPs will configure their corresponding CU-UPs with DL PSI based discard timer value and existing R18 enhancement is applicable for SN as well. In our view, there is no need of additional enhancement needed to support DL PSI based discard mechanism for NR-DC scenario.
UL BAT report co-ordination between MN and SN for Aync-DC 
R18 XR UE reports UL traffic characteristics per PDU Session per QFI level. For each UL QFI, UE reports burstArrivalTime and UL jitterRange in RRC UEAssistanceInformation message. 
burstArrivalTime : Indicates the average value of the arrival time of the first packet of the Data Burst for the concerned QoS flow. When indicated together with jitterRange, burstArrivalTime is used as a reference time for the indicated jitter range. If burstArrivalTime is indicated as referenceTime, the indicated time in 10ns unit from the origin is refDays*86400*1000*100000 + refSeconds*1000*100000 + refMilliSeconds*100000 + refTenNanoSeconds. The refDays field specifies the sequential number of days (with day count starting at 0) from 00:00:00 on Gregorian calendar date 6 January, 1980 (start of GPS time). If burstArrivalTime is indicated as referenceSFN-AndSlot, it refers to the UL timing of the closest SFN and slot of the PCell with the indicated number
As shown above, burstArrivalTime refers to the UL timing by taking MN PCell timing as reference. 
From R15, NR-DC supports the case of synchronization and no synchronization between PCell and PSCell. 
UE will reports UAI to network either through SRB1 or SRB3. Configuration of SN SRB3 is optional. When UE sends UAI to MN via SRB1, MN will forward UAI to SN through Xn RRC Transfer Message or through SN addition/modification signalling procedure and if UE sends UAI to SN via SRB3, SN may forward to SN via Xn RRC Transfer message.
In either case, for the case of asynchronous NR-DC, UE reported burstArrivalTime is w.r.t MN PCell timing reference. When SN gets burstArrivalTime either directly from UE via SRB3 or from MN forwarded RRC Transfer message, SN has to apply MN-SN timing synchronization difference to the UAI provided burstArrivalTime. 
There are 3 possible options available.
Option 1: MN provides explict indication of what timing delta value SN has to apply for burstArrivalTime by taking SFN Offset value into consideration
Option 2: MN provides an implict indication to SN to apply additional Offset value to UE reported burstArrivalTime in UAI by including MN SFN timing reference and SN calculates timing offset value.
During Xn Setup procedure and NG-RAN NODE CONFIGURATION UPDATE procedure, node 1 and node 2 will exchange the SFN Offset. That mean both MN and SN nodes knows the timing delta between each node per cell level.
Observation 7 : UE reported burstArrivalTime is indicated as referenceSFN-AndSlot, it refers to the UL timing of the closest SFN and slot of the PCell with the indicated number.
Observation 8 : For Async DC, both MN and SN exchange the SFN Offset value through Xn Setup or NG-RAN NODE CONFIGURATION UPDATE procedures.
Based on above discussion, we propose RAN3 to agree one of the following options.
[bookmark: _Toc166016885]RAN3 to discuss and agree one of the following options for the case of SRB3 is NOT configured.
· [bookmark: _Toc166016886]Option 1: MN provides explict indication of what timing delta value SN has to apply for burstArrivalTime by taking SFN Offset value into consideration
· [bookmark: _Toc166016887]Option 2: MN provides an implict indication to SN to apply additional Offset value to UE reported burstArrivalTime in UAI by including MN SFN timing reference and SN calculates timing offset value.





Congestion reporting management for XR DC split bearer configuration  
In R18 NR XR enhancements, the gNB is responsible for detecting congestion, and gNB or UPF performs ECN marking using the following options:
1. gNB detects the congestion and performs ECN marking for uplink and downlink in IP layer of the received packets, and then sends the packets to UE (downlink) and UPF (uplink).
2. gNB detects the congestion for uplink/downlink flow and sends the latest congestion information to UPF. Based on received congestion report, the UPF performs ECN marking for uplink and downlink IP layer of the received packets
The 5GC configures the gNB through the NG-AP ‘ECN Marking or Congestion Information Reporting Request’ IE in e.g. PDU SESSION RESOURCE SETUP REQUEST.
The gNB reports the activation status information to the 5GC through the NG-AP ‘ECN Marking or Congestion Information Reporting Status’ IE in e.g. in PDU SESSION RESOURCE SETUP RESPONSE.
RAN3#123bis Agreements:
· For XR DC, RAN3 agree to support MN-terminated MCG bearer, SN-terminated SCG bearer, MN-terminated SCG bearer, and SN-terminated MCG bearer.
· Enhance the S-NG-RAN node Addition Preparation procedure and M-NG-RAN node initiated S-NG-RAN node Modification Preparation procedure, to transfer the ECN Marking or Congestion Information Reporting Request IE to S-NG-RAN node, and support the S-NG-RAN node to report ECN Marking or Congestion Information Reporting Status to M-NG-RAN node.
There was some active discussion about how to support ECN marking and congestion reporting for the case of NR-DC Split Bearer scenario and there was not much progress.
Let us consider the case of DL congestion. For split bearers, there is one common PDCP anchor in CU-UP and two RLC legs in MN and SN DUs. Congestion is local to each of the DUs and is independent of other DU congestion status. Each DU reports their own congestion status to common CU-UP. It is very much possible that different DUs will have different congestions at different instances. 
Let us consider an example for the purpose of discussion: 
Case A: MN DU is reporting 30% DL congestion and SN DU is reporting 80% DL congestion to common CU-UP for split bearer via F1-U GTP-U Tunnel header. 
Case B: MN DU may report 45% and SN DU also may report same 45% DL congestion.
Case C: MN DU may report 70% and SN DU may report 25% DL congestion.
Next logical question is for these 3 different cases, how CU-UP reports DL congestion to UPF? In our view, it should be left to CU-UP implementation algorithm about what value of combined DL congestion value to be reported to UPF via NG-U GTP-U tunnel header instead of specifying what is CU-UP behaviour.
Upon receiving DL PDU sets from UPF, based on congestion % reported by each of MN and SN DUs of split bearer, CU-UP PDCP entity can split the DL data PDUs towards MN and SN DUs.
If the MN DU report congestion to CU-UP but not SN DU or vice versa, then there is no need for common CU-UP to report any DL congestion information towards UPF. Upon receiving DL data from UPF, CU-UP can steer the traffic towards no-congestion DU.
Based on this discussion, we propose
[bookmark: _Toc166016888]For DL congestion management of NR-DC split bearer, when both MN and SN DUs report congestion to common CU-UP hosting PDCP entity, CU-UP based on implementation decides what % of DL congestion value to be reported to UPF. When DL PDU sets are received from UPF, based on MN and SN DU congestion reports, CU-UP decides how to split DL traffic towards MN and SN DUs.
[bookmark: _Toc166016889]For DL congestion management of split bearer, if only either of MN or SN DUs report congestion to common CU-UP hosting PDCP entity, CU-UP does not need to report DL congestion to UPF. 
Summary 
Based on above discussion, we have the following observations and proposals for XR DC enhancements. 

Proposal 1.	Convert WA to agreement “SN reports the PDU Set based Handling Indicator in S-NG-RAN node Addition Preparation procedure and M-NG-RAN node initiated S-NG-RAN node Modification Preparation procedure for the MN-terminated SCG bearer, SN-terminated MCG bearer and SN-terminated SCG bearer.”
Proposal 2.	For XR DC, non-homogeneous support of XR enhancements will be supported as baseline. i.e, it is not necessary for both MN and SN supporting all XR enhancement features including PDU Set handling, Congestion and ECN marking etc.
Observation 1: For split DRB, one PDCP entity will be associated with both MN and SN RLC bearers.
Observation 2: Upon receiving MAC CE command from gNB, UE activates/deactivates UL PSI discarding for low priority PDU sets. 
Observation 3: For MN terminated SCG bearer, SN terminated MCG bearer, MCG/SCG bearers, only one cell MAC CE controls activation/deactivation of PSI discarding and there is no issue.
Observation 4: In case of NR DC Split Bearer, UE behaviour is not clear if either MN or SN sends MAC CE to activate or deactivate PSI discarding and RAN2 has to clarify intended UE behaviour. 
Observation 5: MN and SN congestion is local to each node and each node sends MAC CE to activate/deactivate UL PSI based PDU Set discarding to UE based on local node congestion. 
Observation 6: MN and SN congestion information is not known to each other and each node UL scheduling decision for UL split bearer is independent of other node congestion state, which may cause sub-optimal UL split bearer traffic handling.
Proposal 3.	For split DRB case, when MN sends MAC CE to activate/deactivation PSI based PDU set discarding to UE, it also informs SN about MN congestion situation.
Proposal 4.	For split DRB case, when SN sends MAC CE to activate/activate PSI based PDU set discarding to UE, it also informs MN about SN congestion situation.

Observation 7 : UE reported burstArrivalTime is indicated as referenceSFN-AndSlot, it refers to the UL timing of the closest SFN and slot of the PCell with the indicated number.
Observation 8 : For Async DC, both MN and SN exchange the SFN Offset value through Xn Setup or NG-RAN NODE CONFIGURATION UPDATE procedures.
Proposal 5.	RAN3 to discuss and agree one of the following options for the case of SRB3 is NOT configured.
-	Option 1: MN provides explict indication of what timing delta value SN has to apply for burstArrivalTime by taking SFN Offset value into consideration
-	Option 2: MN provides an implict indication to SN to apply additional Offset value to UE reported burstArrivalTime in UAI by including MN SFN timing reference and SN calculates timing offset value.

Proposal 6.	For DL congestion management of NR-DC split bearer, when both MN and SN DUs report congestion to common CU-UP hosting PDCP entity, CU-UP based on implementation decides what % of DL congestion value to be reported to UPF. When DL PDU sets are received from UPF, based on MN and SN DU congestion reports, CU-UP decides how to split DL traffic towards MN and SN DUs.
Proposal 7.	For DL congestion management of split bearer, if only either of MN or SN DUs report congestion to common CU-UP hosting PDCP entity, CU-UP does not need to report DL congestion to UPF.
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