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Introduction
Rel-17 NR MBS WID RP-201038 [1] has the following objectives:

	· Specify support for dynamic change of Broadcast/Multicast service delivery between multicast (PTM) and unicast (PTP) with service continuity for a given UE [RAN2, RAN3]
· Specify support for basic mobility with service continuity [RAN2, RAN3]



In this contribution, we discuss the support of dynamic change of MBS service delivery between PTM and PTP with service continuity for a given UE.
Discussion
Broadcast/multicast service delivery in air interface can be either multicast (PTM) or unicast (PTP). PTM delivery can be more efficient if the number of UEs interested in the service is above a threshold. The exact threshold depends on many factors as unicast can enjoy benefits like MIMO/beamforming gain, L2 overhead saving (e.g. ROHC), and link adaptation and HARQ (if these features are not supported by PTM delivery). Therefore gNB may switch MBS service delivery between PTM and PTP depending on the number of UEs interested in the service. It is also possible that gNB switches the delivery method based on other information, e.g. assistance information from CN as discussed in solution #18 in TR 23.757. Delivery method can be also switched due to mobility e,g. when UE moved from a cell using PTM delivery to another cell where PTM delivery is not available. In this contribution, we focus on the delivery method switching in the same cell. 
In LTE MBMS, gNB can know the number of RRC_CONNECTED UEs interested in the service based on either MBMS counting or MBMS interest indication. It is proposed that for NR MBS, UE can inform gNB the MBS services that the UE is receiving or is interested to receive, so that gNB can have the information to make the decision of the switching between PTM and PTP.
[bookmark: Proposal_interest_indication]Proposal 1: Like in LTE, UE can inform gNB the MBS services that the UE is receiving or is interested to receive.
In SA2 TR 23.757 clause 4.4 MBS traffic delivery methods (copied in Annex for convenience), two delivery methods are possible from the viewpoint of 5GC: Individual MBS traffic delivery method and Shared MBS traffic delivery method. Individual MBS traffic delivery method is associated with PDU session, while Shared MBS traffic delivery method is associated with shared transport in N3 interface. Two delivery methods are available for the shared delivery from the viewpoint of RAN: Point-to-Point (PTP) delivery method, and Point-to-Multipoint (PTM) delivery method.
Therefore, when discussing switching between PTP and PTM, there could be two cases:
· Switching between PTP and PTM of shared MBS Traffic Delivery (e.g. solution #22 in TR 23.757)
· Switching between Individual MBS Traffic Delivery and PTM of shared MBS Traffic Delivery (e.g. solution #24, #28, #29, and #30 in TR 23.757)
SA2 has yet to conclude their study on MBS, and there are open issues in SA2 which are related to the switching between PTM and PTP, e.g. whether individual MBS traffic delivery is to be supported, whether the shared MBS Traffic Delivery can be considered as a PDU session or not, how the switching between PTM and PTP is done in 5GC. In this contribution, we focus on RAN2 aspects related to switching between PTM and PTP of shared MBS Traffic Delivery. Although both UE initiated and network-initiated switching are considered in TR 23.757, we focus on network initiated switching in this contribution.
The overall procedure for network-initiated switching between PTP and PTM of shared MBS Traffic Delivery is as below:
· Step 1: gNB indicates to the UE about the switching (from PTP to PTM, or from PTM to PTP), and UE performs the related reconfiguration.
· Step 2: gNB stops transmission in the old delivery method and starts transmission in the new delivery method. 
In companion contribution [2], it is proposed to define a new type of radio bearer for MBS, just as in LTE. We use terminology of MRB (MBS Radio Bearer) in this contribution to denote the new radio bearer for MBS. One question for discussion is for the PTP mode of shared MBS Traffic delivery, whether legacy DRB is used, or MRB as used in PTM mode is also used in PTP mode. It should be noted that for shared MBS Traffic delivery, share transport is used in N3 tunnelling (as from Figure 4.4‑1 of TR 23.757, as copied in Annex), which is different from unicast PDU session.
In LTE, switching from SC-PTM to unicast is done by UE “request unicast reception of the service” (TS 36.300 clause 15.4). However, NR DRB is different to LTE, as DRBs in NR can be established by RAN without a corresponding EPS barterer. Hence the LTE decisions are not necessarily the best options for NR and further NR specific discussion will be helpful. In case MRB is used in PTP mode of shared MBS Traffic delivery, there are two ways to handle the switching between PTM and PTP from layer 2 protocol’s perspective. 
· Option A: The old MRB is released and new MRB is added. This option is simple in operation. 
· Option B: Keep the MRB during PTM and PTP switching. This option relies on using PDCP as anchor for in-order delivery and duplicate detection, with PDCP SN continues during switching, just as in handover. Whether there is PDCP layer in NR MBS depends on RAN1 and SA3 decision, as analyzed in companion contribution [2]. 
In case DRB is used in PTP mode of shared MBS Traffic delivery (which is also similar to the case of switching between Individual MBS Traffic Delivery and PTM of shared MBS Traffic Delivery), the straightforward approach is to release the old MRB/DRB and add new DRB/MRB.
One thing to note regarding Option A is that gNB needs to guarantee in-order delivery and to avoid duplicate transmission of the same packet during switching. This can be achieved when switching from PTM to PTP if individual UL HARQ feedback is supported for PTM. The reason is that gNB can start the transmission in PTP after UE has indicated the successful reception of the data delivered in PTM. If there are no individual UL HARQ feedback, gNB is not aware of whether particular UE has received a packet delivered in PTM. So gNB either retransmits a packet in PTP, which can cause duplication, or transmits new packets in PTP, which may cause a loss of packet. When switching from PTP to PTM, gNB needs to initiate PTM transmission as early as possible for delay sensitive services. This can cause out-of-order delivery to upper layers if PTP retransmissions of old packets have not been completed. 
[bookmark: _GoBack]As for Option B, UE behaviour during the switching needs to be studied. It is expected that layer 2 functions enabled in PTP and PTM modes might be different. For example, ROHC is an efficient way to reduce header overhead, and can be naturally configured when PTP is used. But for PTM delivery, whether to use ROHC needs further discussion as there is tradeoff between latency and spectrum efficiency, and RAN2#85 meeting concluded for LTE MBMS as below: “RoHC is not required to supported GCSE on eMBMS and a gain in overhead, even though possible, would need to be traded carefully against the acceptable additional delay (if full headers are sent less often, this will increase the data transmission delay over eMBMS)”. The field description for headerCompression restricts that “The network reconfigures headerCompression only upon reconfiguration involving PDCP re-establishment”, since synchronization point in time is needed when changing the presence of ROHC header. So switching from PTP delivery configured with ROHC to PTM delivery requires PDCP re-establishment. In general, the PDCP configuration can be different between PTP and PTM delivery methods, and PDCP re-establishment might be needed depending on decision on which features are enabled for PDCP layer of NR MBS.
As discussed above, there are pros and cons of Option A and B, and the final decision depends on the progress in protocol design (which itself might be affected by decisions in WGs like SA2 and RAN1).
[bookmark: Proposal_switching][bookmark: Proposal_Chars]Proposal 2: The following topics should be further studied in RAN2: 1) for the PTP mode of shared MBS Traffic delivery, whether legacy DRB is used, or MRB as used in PTM mode is used; 2) for the switching between PTP and PTM of shared MBS Traffic Delivery, whether the MRB is kept during the switching, or the old MRB is released with the new MRB added. 
Conclusion
In this contribution, we discuss the support of dynamic change of MBS service delivery between PTM and PTP with service continuity for a given UE, and propose the following:
Proposal 1: Like in LTE, UE can inform gNB the MBS services that the UE is receiving or is interested to receive.
Proposal 2: The following topics should be further studied in RAN2: 1) for the PTP mode of shared MBS Traffic delivery, whether legacy DRB is used, or MRB as used in PTM mode is used; 2) for the switching between PTP and PTM of shared MBS Traffic Delivery, whether the MRB is kept during the switching, or the old MRB is released with the new MRB added.
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Annex TR 23.757 clause 4.4 MBS Traffic delivery methods
MBS traffic needs to be delivered from a single data source (Application Service Provider) to multiple UEs. Depending on many factors, multiple delivery methods may be used to deliver MBS traffic in the 5GS. For clarity, delivery methods are not referred to as unicast/multicast/broadcast but as described below.
From the view point of 5G CN, two delivery methods are possible:
-	5GC Individual MBS traffic delivery method: 5G CN receives a single copy of MBS data packets and delivers separate copies of those MBS data packets to individual UEs via per-UE PDU sessions.
NOTE 1:	It will be determined based on the selected solutions whether the Individual delivery method is supported.
-	5GC Shared MBS traffic delivery method: 5G CN receives a single copy of MBS data packets and delivers a single copy of those MBS packets packet to a RAN node, which then delivers them to one or multiple UEs
If 5GC Individual MBS traffic delivery method is supported, a same received single copy of MBS data packets by the CN may be delivered via both 5GC Individual MBS traffic delivery method for some UE(s) and 5GC Shared MBS traffic delivery method for other UEs.
From the viewpoint of RAN, (in the case of the shared delivery) two delivery methods are available for the transmission of MBS packet flows over radio:
-	Point-to-Point (PTP) delivery method: a RAN node delivers separate copies of MBS data packet over radio to individual UE.
-	Point-to-Multipoint (PTM) delivery method: a RAN node delivers a single copy of MBS data packets over radio to a set of UEs.
A RAN node may use a combination of PTP/PTM to deliver an MBS packet to UEs.
NOTE 2: The PTP and PTM delivery methods are defined in RAN WGs and they are listed here for reference only.
As depicted in the following figure, Shared PTP or PTM delivery method and Individual delivery method may be used at the same time for a 5G MBS session depending on selected solution.


Figure 4.4‑1: Schematic showing delivery methods 

2

image1.emf
5G RAN

5G CN

        

Replication UE

                               

PTM or PTP

                               

over radio

UE

UE

UE

 MBS traffic-

PDU Sessions

Individual MBS 

Traffic Delivery


Microsoft_Visio_Drawing.vsdx
5G RAN
5G CN
Replication
UE

PTM or PTP
                               over radio
UE
UE
UE
Shared Transport
MBS traffic-
PDU Sessions

Individual MBS Traffic Delivery
Shared MBS Traffic delivery
PDU Sessions



