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 Introduction

In this contribution, we present a review about the impacts from the support of lossless mobility that has been on both RAN2 and RAN3 calendar (i.e., potential coordination, involvements of other WGs) however missed in previous discussion.

And we go back to the scenarios and question the real requirement to see, whether it is a must to have lossless support, or whether 3GPP needs to make such a promise that there will be a technique to ensure no single packet loss for Multicast services.
 Service continuity in Mobility

 Some backgrounds
In current RAN2/3 WGs, it is being debated over whether to have DL PDCP SN synchronization for NR MBS among RAN nodes.

In RAN2 is was confirmed that RAN2 aims to have lossless, and the only way to have lossless (and no duplication in RAN deliver) is to enable DL PDCP SN synchronization (PDCP SN sync). Meanwhile, the feasibility and the specification impacts to support PDCP SN sync is still not clear before any sufficient discussion is carried out in RAN2/3.
RAN2 112-e agreements
R2 aim to support lossless handover for MBS-MBS mobility for service that requires this (TBD which detailed scenario but at least PTP-PTP) 

In order to support the lossless handover for 5G MBS services, at least DL PDCP SN synchronization and continuity between the source cell and the target cell should be guaranteed by the network side to realize. The design of specific approach to realize this can be involved with WG RAN3.
While in RAN3, it was also questioned that whether PDCP SN sync was something that shall have not be brought to RAN3 discussion, since similar techniques, i.e., SYNC protocol in LTE era was ruled out in the beginning of the WI and PDCP SN sync is basically a simplified version of SYNC protocol.
RAN3 110-e agreements
RAN3 will work on concepts to enable coordinated assignment of PDCP SNs to MBS user data packets within a gNB and between gNBs (to be coordinated with RAN2 if needed). Details FFS.

However till now no evaluation is done in RAN2 or any other working group (especially in SA2), and there is “No consensus so far” on PDSN SN sync.

No comprehensive evaluation on PDCP SN sync’s impacts to RAN and SA WGs.

No consensus achieved on PDCP SN sync’s impacts in RAN2/RAN3 so far.

In our previous contribution, it was analyzed in detail about the potential spec impacts and technical comparison about possible solutions [1]. There will be impacts across WGs including SA2/RAN2/RAN3:
QoS modeling, limitation in QoS flow to radio bearer mapping (SA2, RAN2)
N3 GTP-U header design (SA2, RAN3)

Table 1. Potential UP solutions for mobility support in Multicast from [1]
	categories 
	how
	spec impacts

	1. no PDCP SN sync but data forwarding still applies
	1. the original MRBs at the source node is maintained at the target nodes temporarily to deliver the forwarded data.
2. minor interaction between the RAN nodes to determine the duration of data forwarding (or implementation based)
	1. requirements on the duplication detection in application layer, which poses potential limitation on scenarios.

2. very minor impacts anticipated.

	2. common PDCP entity (among RAN nodes)
	1. common PDCP entity for the source node and target node for the associated MRBs for the MBS session

2. coordination among RAN nodes in CP is still needed to get a common mapping rule from QoS flow to MRB.
	1. spec impacts (potential F1/E1 interactions)

2. limitation on the deployment (which requires a common CU-UP among RAN nodes, which further indicates that the lossless handover only happens in specific region. 

3. impacts mainly limited in RAN3.

	3. PDCP SN sync following predetermined QoS to MRB mapping rules
	1. the QoS flow to MRB rules are synced or predetermined among RAN nodes

2. the PDCP SN are derived based on an absolute common SN above RAN level, e.g., SN in GTP-U header (per session/tunnel, or per QoS flow)

3. such predetermined rules might be: M to one, or one to one mapping.
	1. apply the GTP-U header design, which needs coordination from SA2, as the SN was originally used for other cases, like industrial IoT which is an extra requirement for other normal cases.
2. poses a limitation on the QoS flow to MRB mapping, which violates current QoS modeling as in TS 23.501 which indicates that AN maps the QoS flow independently.

3. impacts to SA2/RAN2/RAN3.


PDCP SN sync brings significant architectural impacts, e.g., violating existing QoS modeling, NG-U tunnel design.
Before diving into more technique details, we suggest going back to real scenarios to answer whether it is worth it to pursue lossless support for NR MBS during mobility.

 Go back to scenarios

In the WID for Rel-17 NR MBS, it was stated that [2],
- Specify RAN basic functions for broadcast/multicast for UEs in RRC_CONNECTED state [RAN1, RAN2, RAN3]:

- Specify support for basic mobility with service continuity [RAN2, RAN3]

In order to facilitate implementation and deployment of the feature, the overall implementation impact should be limited, and the UE complexity should be minimized (e.g. device hardware impact should be avoided). 

Apparently, forcing PDCP SN sync among gNBs poses strong implementation impact, and it goes beyond the support of basic mobility.
Only basic mobility support is pursued for Rel-17 WI of NR MBS.

Overall implementation impact should be limited, in order to facilitate  implementation and deployment for Rel-17 WI of NR MBS.
Meanwhile, in one of the most important scenarios for MBS, i.e., Mission Critical Services over 5G multicast‑broadcast system [3], it is only aiming at seamless handover without human perceivable packet loss, in the same cell or in neighbouring cells.
TR 23.774 Study on mission critical services over 5G multicast‑broadcast system (Release 17)
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Architectural requirements

6.1
General requirements

Based on generally accepted knowledge about mission critical systems, gained experience, history, results of plugtests, etc., the following are design goals that RAN and Core Networks should meet in order to enable optimal mission critical functionality in broadcast and multicast over 5MBS:

a)
The amount of time required for the setup, modification and tearing down of unicast and broadcast / multicast sessions / bearers used for mission critical applications shall be compatible with meeting public safety KPIs (see 3GPP TS 22.179 [2] section 6.15) for call events (e.g. call setup).

b)
When transmission of same media via different sessions / bearers (whether unicast or broadcast / multicast, in the same cell or in neighbouring cells) is used for mission critical applications, the system shall support delivery of that media synchronized within the limits of human ability to detect relative delay, as the media arriving via different sessions/bearers is played out by the receiving UEs.

c)
Seamless handover, without human perceivable packet loss, for sessions / bearers (unicast and/or broadcast / multicast) used for mission critical applications and carrying the same media stream at the same time, shall be possible whether the sessions / bearers are in the same cell or in neighbouring cells. 

Only seamless handover where packet loss is allowed but service reception is continued, is pursued for Mission Critical Services over 5G MBS.

If we want to go even higher layers, e.g, IP layer, we will find that in the IP world, reliable Multicast (without packet loss) is still a problem unsolved. Enhancing the packet delivery in air interface in 3GPP is apparently not enough.

Reliable Multicast (without packet loss) is still a problem unsolved and won’t be solved in the short term in IP world.

Based on above analysis, we suggest RAN2 pursues minimization of lossless which is a more appropriate direction we shall aim to, instead of PDCP SN sync based lossless handover:
RAN2 does not support PDCP SN sync.

 Conclusion
Based on the analysis provided above, we have the following observations:
Observation 1
No comprehensive evaluation on PDCP SN sync’s impacts to RAN and SA WGs.

Observation 2
No consensus achieved on PDCP SN sync’s impacts in RAN2/RAN3 so far.

Observation 3
PDCP SN sync brings significant architectural impacts, e.g., violating existing QoS modeling, NG-U tunnel design.
Observation 4
Only basic mobility support is pursued for Rel-17 WI of NR MBS.

Observation 5
Overall implementation impact should be limited, in order to facilitate  implementation and deployment for Rel-17 WI of NR MBS.

Observation 6
Only seamless handover where packet loss is allowed but service reception is continued, is pursued for Mission Critical Services over 5G MBS.

Observation 7
Reliable Multicast (without packet loss) is still a problem unsolved and won’t be solved in the short term in IP world.

Based on the analysis provided above, we have the following proposals:

Proposal 1
RAN2 does not support PDCP SN sync.
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