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Introduction

The work item on NR Multicast and Broadcast services has been agreed at RAN#88 in [2].  
SA2 has now finalized their TR 23.757 [3]. SA2 has also started the stage 2 TS in TS 23.247 [4].  

This paper provides more insight on the mobility from MBS supporting to MBS supporting nodes, focusing on solutions to minimize packet loss.
Desynchronization between Source and Target MBS cells
In the following, it is assumed that shared MBS delivery is used over the N3 interface in both the source gNB and the target gNB and it is also assumed that there is a common PDCP (i.e. a shared PDCP entity handling both PTM and PTP legs in a cell) used in both source cell and in target cell. There is no guarantee that the PDCP entities are synchronized in source and target cell. 
The desynchronization is due to the fact that Source and target gNBs perform independent transmission of one MBS service for the following reasons:

· MBS packets from MB-UPF may arrive to the gNBs at different time

· The gNBs may have different buffer status leading to different scheduling progress. For example, the cells can perform PTM transmission with independent MCS setting and scheduler.
As a result the progress of packets may vary between the independent source and target cell. 

The de-synchronization described above further leads to packet loss during the UE mobility even in mobility from PTP mode in source cell to PTP mode in target cell that is shown in figure 1. This is because the received packet SN in the target cell may have more progressed compared to the received packet SN in the source cell.
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Figure 1: PTP->PTP Handover

Observation 1: A common PDCP is a PDCP entity handling both PTM and PTP legs in a cell. The source cell and target cell have common PDCPs which are desynchronized. 
“Lossless handover” and “Seamless handover” for radio bearers
Lossless handover means that not a single packet is lost by UE during handover.

A prerequisite for lossless handover is therefore that RLC AM is used.

If RLC UM is used, then obviously the handover cannot be guaranteed to be lossless given that RLC UM can lose one or more packet(s).

Observation 2: lossless requirement for MBS mobility doesn’t make sense as this depends on the RLC mode used.

The real requirement for MBS feature in release 17 should be to try eliminating the loss of packets due to the aforementioned source cell -target cell de-synchronization which can potentially generate an important gap of consecutive packets. This elimination does not necessarily mean that the handover is lossless as it depends on the RLC mode as explained above. This instead means that that loss of packets due to this desynchronization is eliminated, resulting in a drastic minimization of packet loss.

We propose to define this requirement as to be “seamless handover”.

Proposal 1: agree that the mobility requirement between two asynchronous cells using shared MBS delivery is to have “seamless handover” for the radio bearers (which may or may not be lossless) and not always “lossless handover”.
Seamless handover using PTP mode in target cell
Assuming that common PDCP for PTM and PTP legs is used in both source and target cells, as a first step, we propose to look at the case of handover of a UE to PTP mode in target cell. As explained above, when the PDCP SN of target cell MRB is ahead of the PDCP SN of the source cell MRB the handover will result in packet loss.

To this end, during the handover preparation, a forwarding tunnel can be setup between source and target cell. The PTP layer 2 configuration at target side can be prepared and the PDCP PDUs kept buffered for this PTP leg. The logic in the target gNB can be to deliver first the forwarded PDCP PDUs from the source before fresh PDCP PDUs from the target.  

Because a common PDCP is used at target gNB, the delivery of PDCP PDUs over the PTM leg is assumed to continue in the target cell together with the delivery of the forwarded as well as the fresh packets for the UE over the PTP leg. This can be left up to the target gNB implementation how the target PTP leg can catch up the delivery of the target PTM leg. 

It is noted that this solution is feasible as long as PDCP count values are consistent across source and target cells.

Proposal 2: support “Seamless handover” using PTP mode in target cell with common PDCP and by synchronizing PDCP count between source and target cell.
Synchronization of PDCP count between source and target cell

As mentioned above, PDCP count values are required to be consistent across source and target cells to allow for seamless handover into PTP mode in target cell.  In this regard, the most straightforward solution to synchronize the PDCP count between source and target cell is to use an N3 sequence number generated by the MB-UPF. However, it should be taken into account that an MBS session over N3 can comprise multiple MBS flows. Therefore, simply using the GTP SN of the shared GTP tunnel may not work. To this end, meeting the following two conditions can achieve PDCP count synchronized using this N3 solution:

-
The N3 SN is added at QoS flow level, therefore in the PDU session control protocol (TS 38.415)

-
There is a one-to-one mapping between MBS QoS flow and MRB (common PDCP).

Proposal 3: MBS QoS flows are not multiplexed over an MRB i.e. there is a one-to-one mapping between MBS QoS flow and the MRB using common PDCP.
Proposal 4: agree that an N3 sequence number is generated by MB-UPF at QoS flow level, therefore in the PDU session control protocol (TS 38.415).

Finally, the Sequence Number used for MBS QoS Flow over TS 38.415 needs to have exactly the same length as the PDCP SN length used over the radio in order to avoid wrap around issues and desynchronization with the PDCP SN used over the radio. Therefore, this Sequence Number would typically have 18 bits, and the associated Count Value would have 4 octets. As a consequence, the current DL QFI SN of the TS 38.415 cannot be reused but an MBS dedicated DL MBS QFI Sequence Number is proposed.
Proposal 5: agree the TP below for baseline CR TS 38.415 to introduce an MBS dedicated Sequence Number. 
Use of data forwarding for aggregated gNBs
At RAN2#112, RAN2 agreed to use DL PDCP SN synchronization and the use of data forwarding (see [5]):

· 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.

· From network side, the source gNB may forward the data to the target gNB and the target gNB will deliver the forwarding data. Meanwhile, the SN STATUS TRANSFER should be extended to cover the PDCP SN for MBS data; Then (TBD after or in parallel) the UE receives the MBS in the target cell by the target cell according to target configuration.

However, one should differentiate two cases:

Case 1: transmission at target is slower than transmission at source: in this case data forwarding can be avoided if source gNB provides its Sequence Number (SN) to target gNB in HO Request message.

Case 2: transmission at target is faster than transmission at source: in this case data forwarding is useful to fill the gap. In order to make it simple, the target gNB can start buffering packets when it receives the HO Request message, e.g. at SN=SN0, then indicate back in HO Request acknowledge to source gNB the value of SN0. Then source gNB can forward data until SN=SN0 to fill the gap.

Proposal 6: Source gNB includes its Sequence Number SN1 in HO Request message. Target gNB includes its Sequence Number SN0 in the HO Request acknowledge and a DL TEID if target is faster than source. If target is faster than source, the source gNB forwards data towards the received DL TEID until the received SN0.

Use of data forwarding for disaggregated gNBs

The realization of data forwarding may be more complex to specify in case of disaggregated gNB. 

Indeed, it is not clear which node is assumed to buffer the data after SN0 between CU and DU.

Case 1 buffering at CU

If buffering of fresh data received from 5GC after HO request at SN0 is done at CU, the CU needs to send the forwarded data and the buffered data to DU over a dedicated F1-U tunnel. Both types of packets are assumed PDCP processed at CU before reaching the DU. The DU can then send first the forwarded packets to UE followed by the packets buffered at CU. The sending from CU can stop and the dedicated tunnel can be released when the DU detects that the packet numbers over PtP leg have caught up the packet numbers over PtM leg. 




Figure 2: minimization of packet loss with buffering at CU

Case 2 buffering at DU

If buffering of fresh data (received by DU over the shared F1-U tunnel after HO request at SN0) is done at DU, the CU UP doesn’t need to buffer the PDCP SDUs received from 5GC. It may only forward the data received from source gNB over a dedicated F1-U tunnel after PDCP processing. Then DU can send to UE the forwarded data processed by CU, release the dedicated F1-U tunnel then deliver its own data buffered after SN0.




Figure 3: minimization of packet loss with buffering at DU

Proposal 7: RAN3 to discuss the case of mobility to disaggregated gNB and which node should buffer the fresh data after SN0 during the forwarding until the UE catches up with the PtM leg.

Conclusion and Proposals
This paper has investigated the requirements related to handover between two cells supporting MBS.
It has shown that the only mobility requirement is “seamless handover” and not “lossless handover”. 

It has then proposed to agree for release 17 that seamless handover to an MBS supporting target cell is always performed using the PTP mode in target cell.

These conclusions are summarized in following proposals:

Proposal 1: agree that the mobility requirement between two asynchronous cells using shared MBS delivery is to have “seamless handover” for the radio bearers (which may or may not be lossless) and not always “lossless handover”.

Proposal 2: support “Seamless handover” using PTP mode in target cell with common PDCP and by synchronizing PDCP count between source and target cell.

Proposal 3: MBS QoS flows are not multiplexed over an MRB i.e. there is a one-to-one mapping between MBS QoS flow and the MRB using common PDCP.

Proposal 4: agree that an N3 sequence number is generated by UPF at QoS flow level, therefore in the PDU session control protocol (TS 38.415).

Proposal 5: agree the TP below for baseline CR TS 38.415 to introduce an MBS dedicated Sequence Number. 

Proposal 6: Source gNB includes its Sequence Number SN1 in HO Request message. Target gNB includes its Sequence Number SN0 in the HO Request acknowledge and a DL TEID if target is faster than source. If target is faster than source, the source gNB forwards data towards the received DL TEID until the received SN0.

Proposal 7: RAN3 to discuss the case of mobility to disaggregated gNB and which node should buffer the fresh data after SN0 during the forwarding until the UE catches up with the PtM leg.

The TP to TS 38.415 is shown below:
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3
Definitions and abbreviations

3.1
Definitions

For the purposes of the present document, the terms and definitions given in 3GPP TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in 3GPP TR 21.905 [1].

Multicast Broadcast User Plane Function: as defined in TS 23.501 [5].

NG-U: logical interface between NG-RAN node and UPF as described in TS 38.300 [2].

Xn-U: logical interface between NG-RAN nodes as defined in TS 38.300 [2].
3.2
Abbreviations

For the purposes of the present document, the abbreviations given in 3GPP TR 21.905 [1] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in 3GPP TR 21.905 [1].
MB-UPF
Multicast Broadcast User Plane Function
PPI
Paging Policy Indicator

PPP
Paging Policy Presence

QFI
QoS Flow Identifier
RQA
Reflective QoS Attribute

RQI
Reflective QoS Indication


UP
User Plane
UPF
User Plane Function
Not modified
5.4
Elementary procedures

5.4.1
Transfer of DL PDU Session Information 

5.4.1.1
Successful operation

The purpose of the Transfer of DL PDU Session Information procedure is to send control information elements related to the PDU Session from UPF to NG-RAN. 

In the case of uplink and downlink data forwarding the DL PDU Session Information procedure shall be used to send control information elements related to the PDU Session from UPF/NG-RAN to NG-RAN/UPF.

A PDU Session user plane instance making use of the Transfer of DL PDU Session Information procedure is associated to a single PDU Session. The Transfer of DL PDU Session Information procedure may be invoked whenever packets for that particular PDU Session need to be transferred across the related interface instance.

The DL PDU SESSION INFORMATION frame includes a QoS Flow Identifier (QFI) field associated with the transferred packet. The NG-RAN shall use the received QFI to determine the QoS flow and QoS profile which are associated with the received packet. 

The DL PDU SESSION INFORMATION frame shall include the Reflective QoS Indicator (RQI) field to indicate that user plane Reflective QoS shall be activated or not. The NG-RAN shall, if RQA has been configured for the involved QoS flow, take the RQI into account as specified in TS 37.324 [4].

The DL PDU SESSION INFORMATION frame may also include a Paging Policy Indicator (PPI) field associated with the transferred packet. The NG-RAN shall use the received PPI to determine the paging policy differentiation which is associated with the received packet as described in [5].

The DL PDU SESSION INFORMATION frame may also include a QoS Monitoring Packet (QMP) field and a DL sending time stamp field. The NG-RAN shall, if QoS monitoring has been configured for the included QFI field, perform delay measurement and QoS monitoring, as specified in TS 23.501 [5].

The DL PDU SESSION INFORMATION frame may also include a DL QFI Sequence Number field associated with the transferred packet. The NG-RAN shall, if the QoS flow has been configured eligible for redundant transport bearer in TS 38.413 [6], use the received DL QFI Sequence Number field to determine and eliminate duplicated packets for a given QoS flow as specified in TS 23.501 [5].
The DL PDU SESSION INFORMATION frame may also include a DL MBS QFI Sequence Number field associated with the transferred packet. The NG-RAN shall use the received DL MBS QFI Sequence Number field to determine the PDCP count that should be used when transferring the packet over the radio as specified in TS 38.300 [2].

When needed, the NG-RAN shall propagate the DL PDU Session Information to a peer NG-RAN.
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Figure 5.4.1.1-1: Successful Transfer of DL PDU Session Information

5.4.1.2
Unsuccessful operation

Void.

Not modified
5.5.2.1
DL PDU SESSION INFORMATION (PDU Type 0)

This frame format is defined to allow the NG-RAN to receive some control information elements which are associated with the transfer of a packet over the interface.

The following shows the respective DL PDU SESSION INFORMATION frame.

	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	

	
	
	
	

	
	
	

	
	

	
	

	
	



	Bits
	Number of Octets

	7
	6
	5
	4
	3
	2
	1
	0
	

	PDU Type (=0)
	QMP
	SNP
	MSNP
	Spare
	1

	PPP
	RQI
	QoS Flow Identifier 
	1

	PPI
	Spare
	0 or 1

	DL Sending Time Stamp
	0 or 8

	DL QFI Sequence Number
	0 or 3

	DL MBS QFI Sequence Number 
	0 or 4

	Padding 
	0-3



Figure 5.5.2.1-1: DL PDU SESSION INFORMATION (PDU Type 0) Format

Not modified
5.5.3
Coding of information elements in frames

5.5.3.1
PDU Type

Description: The PDU Type indicates the structure of the PDU session UP frame. The field takes the value of the PDU Type it identifies; i.e. "0" for PDU Type 0. The PDU type is in bit 4 to bit 7 in the first octet of the frame.

Value range: {0= DL PDU SESSION INFORMATION, 1=UL PDU SESSION INFORMATION, 2-15=reserved for future PDU type extensions}.

Field length: 4 bits.

Not modified
5.5.3.22
D1 UL PDCP Delay Result Ind

Description: This parameter indicates if the UL Delay Result includes or not includes the D1 measurement (UL PDCP Packet Average Delay). This parameter shall be ignored if the UL Delay Ind is set to “0”.
Value range: {0= D1 UL PDCP Packet Average Delay measurement is not included, 1= D1 UL PDCP Packet Average Delay measurement is included}.

Field length: 1 bit.

5.5.3.x
Multicast Sequence Number Presence (MSNP)

Description: This parameter indicates the presence of the DL MBS QFI Sequence Number in the DL PDU Session Information frame.

Value range: {0= DL MBS QFI Sequence Number not present, 1= DL MBS QFI Sequence Number present}.

Field length: 1 bit. 
5.5.3.y
DL MBS QFI Sequence Number

Description: This parameter indicates the sequence number as assigned by the MB-UPF associated with a given MBS QoS Flow. Encoding FFS.
Value range: {0..232-1}.

Field length: 4 octets.

5.5.4
Timers

Void.
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