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The following items are decisive to come to an agreement for questions regarding mobility between gNBs supporting MBS:
1.	On the requirement to support lossless mobility for multicast MRBs
2.	How to achieve synchronicity of DL PDCP SNs between neighbouring cells for MRBs
3.	Whether to perform data forwarding of PDCP SDUs for MRBs at inter-gNB mobility
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2.1	On the requirement to support of “lossless” mobility for multicast MRBs
Probably it would be advantageous to clarify the term “lossless”. For downlink, applied for (unicast) DRBs this basically consists of at least the following features:
a.	ability of the UE to detection of data loss
b.	support retransmission by UE and network
Ad a) Detection of data loss at the UE for DL data is enabled by allowing the UE to assume that the network is able to assign PDCP SNs in a continuous manner in case of mobility. By that the UE is able detecting data loss (and duplication) and re-order data, if necessary, before providing it to the application.
Ad b) while the network would be able to “blindly” retransmit data, it is usually only done in case the UE asks for it by means of PDCP Status Report. Support of the PDCP SR is still under discussion in RAN2. 
Observation 1:	Support of “lossless mobility” for DL DRBs is achieved by means of the UE’s ability to detect data loss and by retransmission schemes. Applicability of retransmissions for multicast NR MBS at mobility is still under discussion in RAN2.
Last RAN3 meeting and last TSG RAN meeting discussed the support of lossless mobility.
Based on the discussions, there was no agreement to change the current WID in RP-201038 [1], which states for mobility:
· Specify support for basic mobility with service continuity [RAN2, RAN3]
Observation 2:	The WID in RP-201038 does not require lossless mobility for MRBs for multicast services, but “service continuity” only. TSG RAN#93 did not change the WID. Obviously, support of lossless mobility for MRBs for multicast services is not required for Rel-17.
2.2	How to achieve (almost-) synchronous transmission of NR MBS data to UEs within a given area
There have been discussions on stage 1 requirements as stated in TS 22.261 [2] chapter 6.13.2 stating
The 5G system shall support downlink parallel transfer of the same content, via broadcast/multicast and/or unicast, such that all receiver group members in a given area receive the media at the same time according to user perception. 
NOTE 3: In this context user perception refers to a difference in delay of typically less than 20 ms.
In Rel-17, the requirement for service continuity combined with a 5GS that is deployed in a way, that neighbouring cells transmit multicast user data so that the UE perceived delay (w/o delay inherent to handover itself) is in the order of one media frame (video/speech) - and that already provides an excellent quality of user experience which is well supportable - even without the means available for “lossless” mobility for unicast DRBs like data forwarding and PDCP SN Status Report.
Observation 3:	A 5GS supporting 5G/NR MBS following the basic requirement of “service continuity” from the WID in RP-201038 and deployment as required in 22.261 §6.13.2 regarding transmission time differences within an certain transmisson area already provides an excellent quality of user experience - even without applying means specified for unicast DRBs for supporting “lossless” mobility.
We had discussions on whether such synchronised transmission is possible w/o additional protocol support, i.e. w/o synchronised allocation of PDCP SNs among cells/gNBs or the actual time when user data is scheduled: The lack of scheduling timing information requires the gNBs receiving multicast data to follow a very stringent scheduling policy, which should be forced by very stringent Packet Delay Budget requirements, because otherwise the requirement to minimise the transmission timing among cells within an area cannot be fulfilled or becomes uncontrollable and unpredictable - the transmission time difference within an area would be distributed within the range of [signalled PDB minus some assumed transmit delay between UPF and gNB].
Effectively, the gNB would need to prioritise timely (i.e. immediate) transmission over maximising overall cell throughput. Such scheduling policy requirements come on top of respective synchronicity requirements related to backhaul deployment.
Observation 4:	Without indicating the (Uu) transmission time for each multicast data packet, all gNBs would have to schedule user data almost immediately upon reception from 5GC, forced by a stringent PDB, in order to achieve quasi-sync’d transmission within a certain transmission area. Such comes on top of corresponding requirements on the backhaul deployment.
2.3	What can be achieved by data forwarding and how efficient is that approach?
There is quite a strong support to apply data forwarding for multicast NR MBS and we still do not see any strong argument brought forward to justify applicability of data forwarding for multicast.
If we assume transmission differences between source and target cell/gNB and the consider on how much data forwarding is able to compensate that difference by means of data forwarding, we can observe that papers have only considered the case where the provision of multicast data on the source side is behind the timing at the target side. If we consider media provision, there would be the chance to provide the UE with forwarded data to compensate the transmission difference between source and target cell. However, at some point in time, media in the application would have to be switched to the target side’s timing, which would in any case cause the user to experience an interruption, which would not have occurred if the timing/scheduling difference would be minimal as required.
We know from Rel-15, that the NR UP (TS 38.425) requires to buffer PDCP SDUs until they have been acknowledged by the corresponding node. Data forwarding would not be necessary if the target node would apply the function which is expected to be available since Rel-15 (in fact, since Rel-12 such function was introduced for LTE DC). It can be expected that buffering PDCP SDUs until their final acknowledgment requires more buffer resource if scheduling is assumed to maximise throughput. We can deduce from that such buffer resources are available in legacy implementations and can be used for buffering data for re-transmission, if finally re-transmission is agreed by RAN2.
We also raised the basic questions what the benefit of per-UE data forwarding of multicast data would provide, if the forwarded data would be already available at the forwarding target. Such function doesn’t provide any technical benefit as compared to buffering data for retransmission for an implementation specific time, given also the fact that forwarding as such would introduce delay and would anyhow require per-UE buffering of the forwarded data. 
Observation 5:	There is still no technical justification to apply data forwarding for multicast data. Given a fairly sync’d transmission at least within neighbouring cells and the ability of the gNBs to buffer multicast data for re-transmission.
2.4	Why should we introduce NG-U protocol information for syncing PDCP SN allocation?
There is quite a strong support of introducing NG-U protocol information in order to allows synchronised PDCP SN allocation at all gNBs connected to the MB-SMF.
We have observed that companies proposing such approach have also identified the issue that NG-RAN would not be able to support MBS Sessions consisting of multiple QoS flows and by that the NG-RAN would not be able to choose QoS flows to MRB mapping. This may be in practise not a big issue but is nevertheless introduces a restriction.
But the basic question is why would we need to introduce NG-U protocol information if the Rel-15 architecture already provides a “text-book application” for an NG-RAN deployment variant where the SDAP/PDCP UP protocol entities are placed in a central place, probably co-located with the UPF, in order to avoid NG-U termination points to be changed upon inter-NG-RAN node mobility. We regard such a deployment, regardless of whether the E1 interface is deployed, a much more promising approach and in line with the assumptions with which 5G was introduced in Rel-15. We should continue favouring such approaches.
Introducing NG-U protocol information as the only option in Rel-17 for syncing PDCP SN allocation would not sufficiently appreciate the possibilities introduced in Rel-15 and deviate from deployment assumptions introduced since the beginning of 5G (in fact, deployment flexibility was and still is one of the main drivers for 5G).
Observation 6:	The approach to deploy a centralised NG-RAN UP represents a “text-book application” for an NG-RAN deployment variant well aligned with assumptions made and solutions specified in Rel-15.
Proposal 7:	Introduce protocol support for a centralised NG-RAN UP entity for NR MBS which is able to share SDAP/PDCP UP resources among several gNBs.
Proposal 8:	Continue discussing whether NG-U protocol information should be introduced as a second option in Rel-17 for syncing PDCP SN allocation.
2.5	Protocol support for centralised NG-RAN UP entity for NR MBS to share SDAP/PDCP UP resources.
We propose to support the following protocol functions to be supported, based on certain main deployment/configuration scenarios:
1.	Configuration based establishment of UP entities residing logically in the MB-UPF and the NG-RAN nodes at MBS Session configuration. Only if the E1 interface is deployed the gNB-CU-UP should be enabled to announce provision of already configured shared resources for an MBS Session ID. There is no exchange of information necessary via NGor CN internal interfaces.
2.	Signalling based establishment of shared UP entities. The first gNB using shared SDAP/PDCP UP resources for NR MBS announces their availability to the MBS-SMF. At MBS Session activation (multicast) or establishment (broadcast) or whenever subsequent gNBs trigger the setup of NG-U resources towards the 5GC, regardless whether multicast or unicast transport is used on the NG-U interface, the gNB would be notified about the availability of already established NG-U resources by providing he host IP address (multicast NG-U transport) or DL TEID (unicast NG-U transport) to the gNB. The gNB may need to replace the already allocated NG-U termination with the indicated one.
3.	In case of location dependent MBS Sessions, the address identifying the shared NG-U termination has to be taken together with the Session Area ID. Dependent on the size of the Session Areas, as shared NG-U termination may not be necessary, but in order to provide a complete concept, it should be possible to use the same approach as above, just extended with the additional dimensions of the Session Area ID.
In both cases, the gNB(-CU-CP) shall be prepared to change the QoS flow to MRB mapping as decided by the already allocated shared SDAP entity. This needs to be reflected on E1.
Proposal 9:	Provide E1 protocol support that allows the gNB-CU-CP to be notified of an allocated shared SDAP/PDCP entity based on the TMGI indicated.
Proposal 10:	Provide NG/E1 protocol support to indicate the availability of shared NG-RAN UP entities by providing suitable address information (host IP address (multicast NG-U transport) or DL TEID (unicast NG-U transport)) at MBS Session Activation/Establishment and NG-U transport establishment.
Proposal 11:	Allow the protocol extension for E1 and NG to allow its usage for location dependent MBS Sessions.
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Observation 1:	Support of “lossless mobility” for DL DRBs is achieved by means of the UE’s ability to detect data loss and by retransmission schemes. Applicability of retransmissions for multicast NR MBS at mobility is still under discussion in RAN2.
Observation 2:	The WID in RP-201038 does not require lossless mobility for MRBs for multicast services, but “service continuity” only. TSG RAN#93 did not change the WID. Obviously, support of lossless mobility for MRBs for multicast services is not required for Rel-17.
Observation 3:	A 5GS supporting 5G/NR MBS following the basic requirement of “service continuity” from the WID in RP-201038 and deployment as required in 22.261 §6.13.2 regarding transmission time differences within an certain transmisson area already provides an excellent quality of user experience - even without applying means specified for unicast DRBs for supporting “lossless” mobility.
Observation 4:	Without indicating the (Uu) transmission time for each multicast data packet, all gNBs would have to schedule user data almost immediately upon reception from 5GC, forced by a stringent PDB, in order to achieve quasi-sync’d transmission within a certain transmission area. Such comes on top of corresponding requirements on the backhaul deployment.
Observation 5:	There is still no technical justification to apply data forwarding for multicast data. Given a fairly sync’d transmission at least within neighbouring cells and the ability of the gNBs to buffer multicast data for re-transmission.
Observation 6:	The approach to deploy a centralised NG-RAN UP represents a “text-book application” for an NG-RAN deployment variant well aligned with assumptions made and solutions specified in Rel-15.
Proposal 7:	Introduce protocol support for a centralised NG-RAN UP entity for NR MBS which is able to share SDAP/PDCP UP resources among several gNBs.
Proposal 8:	Continue discussing whether NG-U protocol information should be introduced as a second option in Rel-17 for syncing PDCP SN allocation.

Proposal 9:	Provide E1 protocol support that allows the gNB-CU-CP to be notified of an allocated shared SDAP/PDCP entity based on the TMGI indicated.
Proposal 10:	Provide NG/E1 protocol support to indicate the availability of shared NG-RAN UP entities by providing suitable address information (host IP address (multicast NG-U transport) or DL TEID (unicast NG-U transport)) at MBS Session Activation/Establishment and NG-U transport establishment.
Proposal 11:	Allow the protocol extension for E1 and NG to allow its usage for location dependent MBS Sessions.
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