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1	Introduction
In RAN#86, a new Work Item on the support of NR Multicast and Broadcast Services was approved, which was revised at RAN#88 [1].
The requirements for the work item resulted functionality is, as described in [1], basic functions for broadcast/multicast for UEs in RRC_CONNECTED state and additionally, broadcast/multicast for UEs in RRC_IDLE/ RRC_INACTIVE states. For the latter it can be noted that this functionality is to be done with the aim of keeping maximum commonality between RRC_CONNECTED state and RRC_IDLE/RRC_INACTIVE state for the configuration of PTM reception. Additional restrictions and limitations can be summarized to:
· limit the scope of this WI to current Rel-15 numerologies, physical channels (PDCCH/PDSCH) and signals.
· overall implementation impact should be limited, and the UE complexity should be minimized (e.g. device hardware impact should be avoided).
· No standardized support specifically for SFN, is provided in this WI
· Flexible resource allocation between Unicast and Broadcast/Multicast services should be possible in this WI
It should be noted that there is guidance on that the design should not limit future use of SFN, Free To Air/Receive only and NR multicast only resource allocation (100%)
In this contribution we discuss the scope and components of the NR Multicast functionality from RAN2 perspective, including opinion on which aspects and direction RAN2 should consider meeting the above goals.
[bookmark: _Ref178064866]2	Discussion
In this section we further investigate the main topics of the work item and discuss and propose a direction to meet the goals presented above.
2.1	Use cases and requirements
The WID mentions several potential use cases, but there are two which stand out:
· Public safety and mission critical communication
· V2X applications
To justify the use cases and to understand service requirements the WID refers to TR 23.757, TR 23.774, and TS 22.261 (clause 6.13.2). TR 23.757 is the outcome of the SA2 study item "Study on Architectural enhancements for 5G multicast-broadcast services" and should serve as the overall system architecture description of MBS. TR 23.774 is the outcome of the SA6 study item "Study on Mission Critical services over 5G multicast-broadcast system". It contains requirements specifically for mission critical services in the 5G multicast broadcast system. 
2.2	General
To support different applications different downlink/uplink reception types in NR, each associated with a specific physical channel, RNTI, transport channel (if any) have been defined. For instance, UE receives the physical channels PDCCH+PDSCH in the downlink that correspond to transport channel DL-SCH and so on depending on the reception type and monitoring of RNTI. Different combinations of these reception types can be simultaneously received by the UE depending on the UE capabilities. For NR MBS, if the data sent from gNB to UEs via PTM transmission that is associated with a new RNTI, denoted by G-RNTI (c.f. group-RNTI), then this needs to be either mapped to an existing or new reception type in order to facilitate the monitoring of the NR-MBS data at the UE.
In order to carry out scheduling of NR PTP and PTM transmissions including dynamic switch between a unicast and multicast type of transmission, the scheduling for PTM is also proposed to be based on PDCCH. Specifically, for NR-MBS, the transport channel DL-SCH carries the multicast/broadcast control information and data, which is received from different logical channels specific to NR-MBS, defined at the MAC layer.
As a starting point, it can also be assumed that the UEs are provided with associated MRB/DRB configuration(s) via dedicated RRC signaling procedures. At a later stage, if needed, additional SIB signaling etc can be considered.
[bookmark: _Toc47631858]PTM transmission is based on DL-SCH, i.e. receiving MBS PTM bearer is through monitoring a PDCCH scheduled group RNTI on PDSCH.
[bookmark: _Toc47631859]As a starting point, one can assume that the UEs are provided with associated MBS MRB/DRB configuration(s) via dedicated RRC signaling procedures
2.3	 Dynamic PTM/PTP operation
To support sufficient resource efficiency as well as cater for various service provisioning use cases, a dynamic use of unicast and multicast bearers for service provisioning should be supported.
Apart from what reliability requirements are needed, the basis for multicast (PTM MRB) or unicast (PTP DRB) service transmission use by gNB, including HO specific switches in service continuity scenarios, are for example channel quality measurements, number of interested or receiving Ues, as well as the physical constraints of the carrier/cell (e.g. coverage and frequency resources). 
From a UE point of view, in case the multicast service can be provide by DRB or MRB (C-RNTI/G-RNTI), the actual dynamic switch and choice should be transparent to the UE.
[bookmark: _Toc47631860]The decision for dynamic switching between multicast (PTM) and unicast (PTP/DRB) should be transparent to the UE.
2.4	RRC Idle/Inactive
With the introduction of Multicast Service, the UE can receive a group service via unicast, PTP and/or PTM.  
Notably, it is assumed that for the latter, related to group scheduling, changes to enable the reception of Point to Multipoint transmissions by UEs in RRC_IDLE/ RRC_INACTIVE states whilst “keeping maximum commonality between RRC_CONNECTED state and RRC_IDLE/RRC_INACTIVE state for the configuration of PTM reception” need to be carefully considered.
A straightforward approach would be to progress these stepwise; this meaning that the two target scenarios in UE connection state should be considered in sequence, with basic solutions and support defined for UEs in RRC_CONNECTED first and based on such a frame-work define a baseline for UEs in RRC_IDLE and RRC_INACTIVE.
The WI also stipulates that “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).”. As a result of this IDLE/INACTIVE support may result in that the solution for RRC_IDLE/RRC_INACTIVE state is supported only by defining transition to RRC_CONNECTED to initiate a BC/MC session (i.e. to setup a PTM bearer) for use in IDLE mode. For example, before transmitting PTM data/session start, the network could page UEs in RRC_IDLE or RRC_INACTIVE. They would then transition to RRC_CONNECTED to receive the MBS configuration and subsequent data transmission. Consequently, to receive a Multicast Service, UEs can be expected to stay in RRC_CONNCTED state and NW may have UEs to transition into RRC_IDLE or INACTIVE state for power saving while still receiving the Multicast Service.
[bookmark: _Toc47631928]RAN2 to define basic solutions and support for MBS defined for RRC_CONNECTED UEs first and later based on such a framework define a baseline for UEs in RRC_IDLE and RRC_INACTIVE.
2.5	Service Continuity/ Mobility
[bookmark: _Hlk47534627]Regarding the Public Safety use case, TR 23.774 lists the following design goal related to Service continuity and handover:
"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 neighboring cells."
We think by using the Rel-16 framework for handovers as baseline, the goal would be fulfilled.
That is, RAN based HO for RRC CONNECTED mode is used as basis for service continuity for MBS. As the gNB (source and target) knows the services UEs are interested in (or are receiving), a choice of unicast (DRB based) or multicast (MRB based) service provisioning can also be supported with mobility.
RRC IDLE or INACTIVE UEs should use provided service provisioning information during reselection etc. 
[bookmark: _Toc47631929]RAN2 shall use the Rel-16 framework for handovers and mobility as baseline for MBS.
2.6	Reliability
As can be seen in the reliability requirements stipulated for e.g. Public Safety, and possible other use cases, NR MBS should be specified with means to provide services over multicast meeting different reliability levels. 
In NR this can be provided either in PDCP, e.g. by supporting PDCP reordering and duplication, PDCP Discard, lossless HO and data recovery procedures at re-establishment. In RLC, by supporting RLC AM mode configured for a RB (e.g. MRB), and in MAC/phy by supporting HARQ and MCS adaptation etc.
In view of limiting the complexity and implementation impact, the functionality for NR MBS should be limited to what is needed for the MBR specifically in addition to what can be achieved using a traditional unicast; also considering the possibility of dynamic switch between DRB and MRB. As a result, providing physical layer enhancements like HARQ/feedback and including PDCP functionality for reordering and duplication detection (c.f. discard), additional reliability if needed (e.g. RLC AM) can be provided using a unicast bearer. HARQ functionality can also give secondary benefit in capacity and less sensitivity in selecting error rate target thresholds for physical channels.
[bookmark: _Toc47631861]The use of HARQ re-transmissions and HARQ feedback is be beneficial also for PTM.
2.7	Power consumption
Reduction of UE power consumption in the context of unicast (DL-SCH) in NR is facilitated by means of discontinuous reception (DRX), whereby the UE monitors downlink control channel PDCCH only when active. It may be desirable to consider a DRX mechanism for MR-MBS PTM transmission as well to have benefits of lower power consumption in connected mode. As a result, each group of UEs, receiving a particular PTM transmission scheduled by G-RNTI on PDCCH, can be provided with a common DRX configuration for PTM data reception, in addition to a DRX configuration for unicast data reception. Defining a common DRX can be made as baseline functional design have materialized further for NR MBS.
[bookmark: _Toc47631862]A common DRX configuration for PTM data recaption is beneficial for power saving enhancements.
Conclusion
In the previous sections we made the following observations and proposals: 
Observation 1	PTM transmission is based on DL-SCH, i.e receiving MBS PTM bearer is through monitoring a PDCCH scheduled group RNTI on PDSCH.
Observation 2	As a starting point, one can assume that the UEs are provided with associated MBS MRB/DRB configuration(s) via dedicated RRC signaling procedures
Observation 3	The decision for dynamic switching between multicast (PTM) and unicast (PTP/DRB) should be transparent to the UE
Observation 4	The use of HARQ re-transmission and HARQ feedback may be beneficial also for PTM
Observation 5	A common DRX configuration for PTM data recaption is beneficial for power saving enhancements.
[bookmark: _In-sequence_SDU_delivery]
Proposal 1	RAN2 define basic solutions and support for MBS defined for RRC_CONNECTED UEs first and based on such a framework define a baseline for UEs in RRC_IDLE and RRC_INACTIVE.
Proposal 2	RAN2 shall use the Rel-16 framework for handovers and mobility as baseline for MBS.
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