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1	Introduction
New Work Item on NR support of Multicast and Broadcast Services was approved in RAN plenary [1].
With the introduction of NR MBS, it needs to be specified how to incorporate MBS transmissions into legacy protocol stack. While the same physical channels and signals are assumed for both unicast and multicast, higher layer aspects related to protocol structure and bearer modelling are to be specified. In particular, this leads to questions such as how would MBS data be flowed/delivered e.g., from an MBS session to a transport block/MAC PDU? What radio bearer(s) is used for delivering corresponding MBS QoS flows? How many PDCP entities are associated with such radio bearer(s)? What are RLC modes used in association with the radio bearer(s)? What is logical channel used to carry RLC PDU, i.e., only DTCH or a new logical channel or the combination of those? 
This contribution discusses some aspects of protocol structure and bearer modelling for NR MBS. 
[bookmark: _Ref178064866]2	Discussion
2.1	Bearer modelling
In the basic case the MBS service can be distributed to the UEs using unicast. This would be useful in case the load in the cell is low. To support this case no changes are foreseen.
As the load in the cell increases it becomes more efficient to use a transmission mode where several UEs receive the same transmission on layer 1. This would be PTM or point-to-multipoint transmission. To support e.g. retransmissions, PTM transmissions can be dynamically switched to PTP or point-to-point transmissions.
If the load increases even further, the network could remove the PTP transmissions and simply run PTM transmissions only. 
It should be noted that there could be other reasons for the gNB to select transmission mode, e.g. QoS requirements of the delivered service. Thus, the use of load in the cell as a reason to select between transmission mode is merely an example.
A key feature of the MBS service is the ability to dynamically switch transmission mode between PTP and PTM. We think a new radio bearer should be defined for this purpose. It is proposed that PTM transmissions are performed using a new radio bearer, i.e., multicast radio bearer (MRB). A corresponding traffic channel should also be defined, called multicast broadcast traffic channel (MBTCH). This should be mapped to the DL-SCH transport channel which in turn is mapped to PDSCH. Thus, no new transport channel or physical channel is needed.
[bookmark: _Toc47636730]PTM transmissions are delivered via a new radio bearer, i.e., multicast radio bearer (MRB) using a new logical data channel, i.e., multicast broadcast traffic channel (MBTCH), which is mapped to DL-SCH/PDSCH.
It is worth clarifying that the same MBS service can be delivered to some UEs using PTM/MRB and some other UEs using PTP/data radio bearer (DRB) at the same time. However, the network can be assumed to deliver the MBS service to a particular UE using either PTM/MRB or PTP/DRB at a time.
[bookmark: _Toc47636726]An MBS service can be delivered to a UE using either MRB or DRB at a time.
One aspect of bearer modelling is in case both PTM and PTP transmissions are used for an MBS session, i.e., PTP is used for some UEs while PTM is used for other UEs in the session group, what is the radio bearer used for MBS data.
A straightforward way is to use DRB for each PTP transmission and MRB for PTM transmissions. In this case, it is commonly understood that a PTP transmission is addressed by the UE-specific C-RNTI and PTM transmissions are addressed by a new group RNTI, i.e., G-RNTI. 
[bookmark: _Toc47636731]PTM transmissions via MRB/MBTCH are addressed on the PDSCH by G-RNTI.
This also means that the dynamic switch between multicast (PTM) and unicast (PTP) is equivalent to switch between MRB/MBTCH by G-RNTI and DRB/DTCH by C-RNTI.
[bookmark: _Toc47636727]Switch between multicast (PTM) and unicast (PTP) is equivalent to switch between MRB/MBTCH by G-RNTI and DRB/DTCH by C-RNTI.
The above does not exclude having retransmissions of a PTM TB to be retransmitted using unicast DRB; this should ideally also be supported.
The different transmissions modes are shown in the table below.
	Transmission mode
	Description
	Impact
	Radio bearer/logical channel/transport channel
	RNTI used

	Unicast
	Rel-16 unicast transmissions
	No impact
	DRB/DTCH/DL-SCH
	C-RNTI

	Dynamic switching
	Network decides between PTM and PTP transmissions. PTP typically used for retransmissions only.
	To be added as part of the work item
	MRB/MBTCH/DL-SCH
or
DRB/DTCH/DL-SCH
	C-RNTI (PTP transmissions) and G-RNTI (PTM transmissions)

	PTM only
	Network uses only PTM transmissions. The only transmission mode that can be supported by UEs in RRC_IDLE and RRC_INACTIVE.
	To be added as part of the work item
	MRB/MBTCH/DL-SCH

	G-RNTI



2.2	Protocol structure
User Plane
The Rel-16 protocol stack is obviously the base line, but there are some issues to address when adding PTM transmissions. For the user plane, while RLC and MAC can be largely untouched, we think PDCP requires a closer look. When it comes to split in protocol stack, there are two options for dynamic PTM/PTP switch: (1) A common PDCP entity for both MRB and DRB and (2) two separate PDCP entities, one for MRB and another for DRB. 
From an architectural point of view, in terms of distributed NG-RAN architecture, an SDAP/PDCP entity resides at gNB-CU-UP, the NG-RAN “distribution” point that delivers multicast data to the various gNB-DUs in the distribution area for the session. If multiple gNB-DUs are involved, a single PDCP entity would be a more scalable solution. In this case, flow control on F1-U interface can help cater for minimum delay in order to synchronize transmissions on Uu in different gNB-DUs thus further helping to minimize data loss during mobility. In addition, it is expected that the centrally distributing PDCP entity allocates PDCP SNs, which the UE can take to determine the correct order of packets, for example, in case of mobility. In option 2, there would need a new coordination between PDCP entities for handling retransmissions and reordering as well as service continuity in case of mobility. Thus, it is desirable to have a common PDCP entity that coordinates RLC entities, i.e., option 1 is preferred.
Considering the two options for dynamic PTM/PTP switch:
[bookmark: _Toc47636732]A common PDCP entity for both MRB and DRB delivering an MBS session is defined.
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[bookmark: _Ref47438776]Figure 1: Example of DL layer 2 structure for MBS (PTM only)
As a reference, Figure 1 shows an example of DL layer 2 structure for MBS in case of no PTP/DRB for delivery of MBS service. In the example, two MBS sessions are shown, each is delivered using a MRB, i.e., MRB1 and MRB2. MRB1 is configured with UM RLC while MRB2 is configured with AM RLC.

[image: ]
Figure 2: Example of protocol structure for dynamic switching mode, a common PDCP entity
Figure 2 shows an example of protocol structure for the case of a common PDCP entity. For simplification, only a single gNB-DU is considered in the example. The considered scenario is both PTM (i.e., MRB/MBTCH) and PTP (i.e., DRB/DTCH) are used for an MBS session, but at a time only one bearer is used with dynamic switch to the other bearer configured by RRC. UM RLC is used for MRB and AM RLC is used for DRB. QoS flows of an MBS session are mapped to MRB and/or DRB. PDCP common entity works with both MRB and DRB associated with an MBS session. Different from legacy NR unicast, the PDCP entity for MBS is associated with both UM RLC entities and AM RLC entity allowing for handling of packet loss, mobility support and retransmission (upon re-establishment). At RLC, an RLC entity can be configured to submit/receive data (RLC PDU) through the new data channel for MBS, i.e., MBTCH.
[bookmark: _Toc47636733]No need for SDAP, for an MBS session, a single QoS flow is mapped to MRB/DRB.
Since there may exist multiple MBS sessions, to identify those and support the dynamic PTM/PTP switch, there should be a mapping between for example MBS service ID, i.e., temporary mobile group identity (TMGI), logical channel ID (LCID) and RNTI, i.e., G-RNTI/C-RNTI.
[bookmark: _Toc47636734]Specify a mapping of RNTI, LCID and MBS service ID to support dynamic switch as well as session identification.
Control plane
One aspect for control plane modelling is how to provide MBS (PTM) configuration to UEs. Two typical approaches are to use dedicated signaling if the UE has an RRC connection with the network, i.e., in RRC_CONNECTED or use to use a downlink multicast control channel. The latter is adopted for control information signaling in LTE SC-PTM, i.e., via SC-MCCH logical channel. However, in NR MBS, it is assumed that UE needs to show its interest in an MBS session before it can start receiving service data, i.e., session join procedure is mandatory. To join a session, the UE needs to be in RRC_CONNECTED state at least once irrespective of MBS reception in RRC_CONNECTED or RRC_INACTIVE/RRC_IDLE state. It is then proposed that network provides PTM configuration to UE using dedicated signaling, i.e., via RRC signaling (SRB) in RRC_CONNECTED.
[bookmark: _Toc47636735]PTM configuration is provided to UE using RRC dedicated signaling when in RRC_CONNECTED.
3	Conclusion
In the previous sections we made the following observations: 
Observation 1	An MBS service can be delivered to a UE using either MRB or DRB at a time.
Observation 2	Switch between multicast (PTM) and unicast (PTP) is equivalent to switch between MRB/MBTCH by G-RNTI and DRB/DTCH by C-RNTI.

Based on the discussion in the previous sections we propose the following:
Proposal 1	PTM transmissions are delivered via a new radio bearer, i.e., multicast radio bearer (MRB) using a new logical data channel, i.e., multicast broadcast traffic channel (MBTCH), which is mapped to DL-SCH/PDSCH.
Proposal 2	PTM transmissions via MRB/MBTCH are addressed on the PDSCH by G-RNTI.
Proposal 3	A common PDCP entity for both MRB and DRB delivering an MBS session is defined.
Proposal 4	No need for SDAP, for an MBS session, a single QoS flow is mapped to MRB/DRB.
Proposal 5	Specify a mapping of RNTI, LCID and MBS service ID to support dynamic switch as well as session identification.
Proposal 6	PTM configuration is provided to UE using RRC dedicated signaling when in RRC_CONNECTED.
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