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1. Introduction
According to the discussion in the last meeting, the delay issue for the CU-CP to configure the initialRXDELIV (was multicastHFN-AndRefSN) IE to the UE is still FFS. In this contribution, we will further discuss this issue considering the progress of RAN2 in last meeting, compare the control plane solution and user plane solution.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]2. Discussion
2.1 Background
In the last meeting, CB#20 discuss the delay issue for the CU-CP to configure the multicastHFN-AndRefSN IE. Based on the description in TS 23.247 V17.3.0, the NG-RAN are requested to configure radio resources for active MBS session before receiving multicast data, as below shown:
	[image: ] [image: ]Figure 7.2.1.3-1: PDU Session modification for UE joining Multicast MBS session

	7a.	If the MBS Session is active, the NG-RAN configures radio resources for MBS session.
8.	If the MBS Session is active, the NG-RAN node performs AN specific signalling exchange with the UE to configure the UE with radio resources for the multicast MBS session. If the NG-RAN does not support MBS and the MBS Session is active, radio resources are reconfigured for unicast transmission of the MBS data over the associated PDU session. As part of the AN specific signalling exchange, the N1 SM container (PDU Session Modification Command) is provided to the UE.


While for the first joined UE for inactive session or active session which has no data for a period of time, the NG-RAN will not be able to configure the MRB for the involved UEs as it is unable to configure the initialRXDELIV (was multicastHFN-AndRefSN) IE. 
Based on the current design, the NG-RAN can only configure MRB to the UEs after receiving multicast data packets. As a result, once the data comes, the NG-RAN cannot send the data directly and have to first configure the MRBs to the UE. 
Observation 1: For the first joined UE for inactive session or active session which has no data for a period of time, the gNB will not be able to configure the MRB until data packets arrive. Once the data packets arrive, the gNB will not be able to send the data over radio directly but it has to first configure the MRB to the UEs.
Thus, this delay issue shall be solved.
2.2 Related RAN2 progress
In the RAN2#119 meeting, there were some agreements about configuration of initial value of RX_DELIV:
	multicastHFN-AndRefSN is renamed to initialRXDELIV and update the corresponding description to ‘Indicates an initial value of RX_DELIV for multicast MRB PDCP window initialization as specified in TS 38.323 [5].’. [8] [9] [12]
Add to section 16.10 (e.g. 16.10.5.3.2) in TS 38.300 a sentence saying: “For MRBs, PDCP can either be re-established or remain as it is.” [8]
Allow configuration of initial value of RX_DELIV also when PDCP is re-established for UM MRB. FFS AM MRB, if a fix is needed


In the approved RAN2 CR [1], the condition of the renamed initialRXDELIV IE is shown as following:
	MRB-Initialization
	This field is mandatory present in case of multicast MRB setup and PDCP re-establishment for UM multicast MRB. Otherwise, this field is absent, Need N.


During the discussion of last meeting, there were some companies proposed that the issue can be solved if multicastHFN-AndRefSN IE can be reconfigured and suggest to wait for parallel RAN2 discussion first. According to the agreements from RAN2, the issue RAN2 talking about is whether can configure initial value of RX_DELIV during re-establishing PDCP, which is not related to if and how to reconfigure the initial value of RX_DELIV. The initialRXDELIV IE is still mandatory present in case of multicast MRB setup, not optional to avoid NBC change. Regardless of whether the AM MRB can be configured with the initial value of RX_DELIV during PDCP re-establishment, for a newly setup MRB, the PDCP variable value cannot be absent nor updated later, based on the current PDCP spec. 
Observation 2: The initial value of RX_DELIV for MRB cannot be reconfigured based on RAN2 progress.
Thus, the delay issue for the CU-CP to configure the initialRXDELIV IE to the UE is still existed, regardless of the further decision of RAN2. 
Proposal 1: RAN3 shall solve the delay issue of configuring the initialRXDELIV IE.
2.3 Analysis of different solutions
In the last meeting, there were two solution proposed, which could be understood as below:
· Control plane solution: the MB-SMF gets the MBS QFI SN from MB-UPF and provides the MBS QFI SN to the gNB
· In case of unicast transport of shared NG-U case, when a gNB triggers the shared NG-U establishment for an activated multicast session, the MB-SMF gets the MBS QFI SN information from the MB-UPF during the shared NG-U establishment procedure.
· In case of IP multicast transport of shared NG-U case, when a gNB triggers the shared NG-U establishment for an activated multicast session, the MB-SMF retrieves the MBS QFI SN from the MB-UPF.
· During the session deactivation procedure, the MB-UPF informs the MBS QFI SN information to the MB-SMF, then after that in case a gNB triggers the shared NG-U establishment for that deactivated multicast session, the MB-SMF informs the stored MBS QFI SN information to the gNB directly.
· User plane solution: the MB-UPF sends an N3mb packet containing the MBS QFI SN without user data payload to gNB-CU-UP
· In case of unicast transport of shared NG-U case, when the gNB triggers the shared NG-U establishment for an activated multicast session, the MB-SMF invokes the MB-UPF to transmit empty packets to carry MBS QFI SN.
· In case of IP multicast transport of shared NG-U case, when a gNB triggers the shared NG-U establishment for an activated multicast session, the MB-SMF invokes the MB-UPF to transmit empty packets to carry MBS QFI SN, and those empty packets will be received by all the gNBs joined the IP multicast group.
· When the session is deactivated, when a gNB triggers the shared NG-U establishment, the MB-SMF still needs to invokes the MB-UPF to transmit empty packets to carry MBS QFI SN. 
In this contribution, we shall analysis these two solutions from different points considering the discussion in last meeting.
The impact for E1 interface? 
Before the comparation of two solutions, we’d like to clarify the which node is responsible for configuring the initialRXDELIV IE. In the last meeting, there was contribution that proposed to rename the “MBS Initial HFN and Reference PDCP SN” IE in E1AP into “Current PDCP Count”, respecting the division of work between gNB-CU-CPs and gNB-CU-UPs. Similarly, we think the count value indicated from gNB-CU-UP to gNB-CU-CP is just the reference value, the gNB-CU-CP has the right to decide the initialRXDELIV IE configured to the involved UEs. For example, the gNB-CU-CP need to set the initialRXDELIV IE lower than the value indicated from E1AP.
Observation 3-1: gNB-CU-CP is responsible to determine the initialRXDELIV IE and configures it to the involved UEs. 
Based on the observations above, we think making the gNB-CU-CP to determine the initialRXDELIV IE based on the MBS QFI SN received via distribution setup response is a more straight forward approach. Considering the value send by the gNB-CU-UP and or the MB-SMF may co-exist, we think it will not make any impact for the gNB-CU-CP to configure the initialRXDELIV IE to UE, since the value configured to UE can be much lower than the first received packet. According to the pervious discussion in RAN2 meeting, considering that PDCP packets arrive out of order, the the initial count value can be set to much lower than the count of first received packet, e.g. lower 0.5 × 2[PDCP-SN-SizeDL–1] than the count of first received packet. In the current PDCP spec, the initial value of RX_DELIV for multicast MRB has been changed to depends on implementation, i.e. there is no restriction on the relationship of the configured value and the count of the first package. Thus, it is reasonable for the gNB-CU-CP to decide the value of the initialRXDELIV IE, respecting the division of work between the gNB-CU-CP and the gNB-CU-UP. And the count value indicated from the gNB-CU-UP to the gNB-CU-CP can be used for the gNB-CU-CP to configure the initialRXDELIV IE, the the gNB-CU-CP needs to set the initialRXDELIV IE lower than the value indicated from E1AP. There won't be any problems at all.
Observation 3-2: the gNB-CU-CP is able to configure the initialRXDELIV IE based on the information from either the gNB-CU-UP or the MB-SMF, or both. 
How are MB-SMF or MB-UPF implemented?
Considering that this issue mainly occurs when inactive session that first UE joins, when the session is deactivated, normally the MB-UPF will not transmit DL packets to the gNB directly, it will indicate to the the MB-SMF to trigger the session activation. 
	TS 23.247:
2.	The MB-SMF send N4mb Session Modification Request (TMGI, Buffered Downlink Traffic detection) to the MB-UPF. See clause 4.4 of TS 23.502 [6] for more details. The Buffered Downlink Traffic detection is requested by MB-SMF for next time MBS session activation. If the MBS session is to be activated via the AF request directly, this indication is not needed. The MB-SMF also indicates the MB-UPF to remove the shared tunnel(s) that are used for Individual MBS traffic delivery over N19mb interface.


But for the user plane solution, the MB-UPF has to transmit empty packets over M3mb for an inactive session, which will change the current behavior of the MB-UPF.
Observation 4-1: for user plane solution, the MB-UPF has to transmit empty packets over M3mb for an inactive session.
From RAN’s respective, a multicast MRB can be mapping to multiple MBS QoS flows. So, for the user plane solution, the gNB-CU-UP shall receive empty packages from all MBS QoS flows of that MRB, which does not work if the packet from one of these MBS flows. From the reliability and latency point of view, control-plane solution is much better than the user-plane solution.
Observation 4-2: for user plane solution, the gNB-CU-UP only can generate the value when receiving empty packets for all the mapped MBS QoS Flows to configure the value for a multicast MRB.
Considering the NG-U tunnel may be established as IP multicast type, in such case, in the user plane solution, the MB-UPF will send manyempty packets to all gNBs once there is a new gNB joining, which may lead to misunderstanding for the gNB serving deactivated session.
Observation 4-3: for user plane solution, the MB-UPF has to send many empty packets to all gNBs when there is a new gNB joining in case of IP multicast transport. 
And there is a more critical problem that when the MB-UPF can send the empty package. The MB-UPF is not aware of the accurate time of the shared NG-U tunnel establishment in case of IP multicast transport, the MB-UPF cannot determine when to send the empty package. If the packets are sent too early, the gNB cannot receive the packet, and if the packets are sent too late, the latency problem will remain.
Observation 4-4: for user plane solution, in case of IP multicast transport, it will be hard for the MB-UPF to send these empty packets in time, not too early, not too late.
For the control plane solution, there is no any problem for these above issues. The MB-UPF only need to send the MBS QFI SN information to the MB-SMF in existing N4mb signaling. And further, if MB-SMF can store this value from MB-UPF during deactivation procedure, the N4mb interaction can also be avoid in case a gNB joins the deactivated session.
Conclusion
Based on the above analysis, we summary the comparation of the two solutions in the below table:
	
	Control plane solution
	User plane solution

	The behavior of MB-UPF during deactivation.
	Introduce and set a new IE 
	Transmit a packet in buffer state 

	Execution Time of MB-UPF
	As legacy reaction 
	Cannot determine what time to send packet 

	IP multicast scenario
	No impact to other gNBs 
	a lot of redundant packets to all gNBs 

	Interaction overhead
	Reusing existing signaling 
N4mb interaction may be avoid for IP multicast scenario 
	Introduce extra data transmission procedure 
N4mb interaction is always needed 



As can be seen from the above analysis, both solutions can provide the related information to the gNB to determine the initialRXDELIV IE to be configured to the UE, but user plane solution has more impacts to the behavior of MB-UPF, will transmit redundant empty packets to other gNBs, and there is extra latency in some cases. It is suggested to select control plane solution in RAN3, otherwise we may need to send LS to SA2 and CT4 and ask for their feedback.
Proposal 2: Adopt control plane solution by providing the MBS QFI SN in Distribution Setup Response message from MB-SMF to the gNB. 
Proposal 3: Liaise SA2/CT4 to ask SA2/CT4 to evaluate both solutions and give the preference if proposal 2 is not aggregable. 
3. Proposal
In this contribution, we discuss the delay issue for the CU-CP to configure the initialRXDELIV IE, and get the following observations and proposals:
Observation 1: For the first joined UE for inactive session or active session which has no data for a period of time, the gNB will not be able to configure the MRB until data packets arrive. Once the data packets arrive, the gNB will not be able to send the data over radio directly but it has to first configure the MRB to the UEs.
Observation 2: The initial value of RX_DELIV for MRB cannot be reconfigured based on RAN2 progress.
Proposal 1: RAN3 shall solve the delay issue of configuring the initialRXDELIV IE.
Observation 3-1: gNB-CU-CP is responsible to determine the initialRXDELIV IE and configures it to the involved UEs. 
Observation 3-2: the gNB-CU-CP is able to configure the initialRXDELIV IE based on the information from either the gNB-CU-UP or the MB-SMF, or both. 
Observation 4-1: for user plane solution, the MB-UPF will start to transmit packet over M3mb in buffered state.
Observation 4-2: for user plane solution, the gNB-CU-UP only can generate the value when receiving empty packets for all the mapped MBS QoS Flows to configure the value for a multicast MRB.
Observation 4-3: for user plane solution, the MB-UPF has to send a lot of empty packets to all gNBs when there is a new gNB joining in case of IP multicast transport. 
Observation 4-4: for user plane solution, in case of IP multicast transport, it will be hard for the MB-UPF to send these empty packets in time, not too early, not too late.
Proposal 2: Adopt control plane solution by providing the MBS QFI SN in Distribution Setup Response message from MB-SMF to the gNB. 
Proposal 3: Liaise SA2/CT4 to ask SA2/CT4 to evaluate both solutions and give the preference if proposal 2 is not aggregable.
In case Proposal 2 is agreed, the corresponding CR is given in [2].
[bookmark: _GoBack]In case Proposal 3 is agreed, the Draft LS to SA2 and CT4 is provided in [3].
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