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A new work item on the support of NR Multicast and Broadcast (NR MBS) was approved at RAN#86. This document discusses the general aspects of NR multicast/broadcast data transmission including protocol stack, group scheduling, MBS notification, etc. The discussion in this paper is based on the architecture discussions of the study at SA2 on 5G MBS.  
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NR MBS System Architecture
The study at SA2 on 5G MBS discusses two architecture alternatives. The baseline architecture 1 is a 5G MBS system architecture based on unicast 5GC. It is assumed that the 5G MBS system architecture reuses as much as possible the system architecture and procedures of current 5GS unicast system architecture for Multicast Transport [4]. The baseline architecture 2: is a 5G MBS system architecture based on dedicated MBS Function. To support multicast/broadcast MBS user service delivery in 5GS, new functional entities and necessary enhancement to the existing entities are needed for architecture 2 [4]. 
In our view, specifying the NR MBS system architecture based on unicast system architecture can simplify the whole network architecture and can support easy deployment. In this case, MBS system architecture is basically an integration of Multicast transmission and unicast transmission. It relies on enhancing the existing network functions to support Multicast transmission, and no additional network entity or network interface is introduced to support Multicast transmission. The discussion from architecture perspective in this paper assumes the integrated unicast/multicast system architecture in the relevant sections.  
Protocol Stack for NR MBS
Following the reference system architecture (i.e. the integrated unicast/multicast system architecture), Figure 1 below depicts a general Protocol stack for the user plane of NR multicast/broadcast (i.e. MBS).
The NR MBS packets are delivered to gNB via Point-To-Point (i.e. PTP) GTP-U tunnel or Point-To-Multiple Point (i.e. PTM) GTP-U tunnel. The NR MBS packets are carried by unicast alike protocol layers over the air interface from network to the UE.
In LTE eMBMS, the transport architecture is based on the SYNC protocol layer. The SYNC protocol layer is defined on top of transport network layer to support content synchronization mechanism. The SYNC protocol carries additional information that enable Base Stations to identify the timing for radio frame transmission and detect packet loss. Each eMBMS packets is added with a SYNC Header. The SYNC protocol provides means to detect packet losses and supports a recovery mechanism against loss of consecutive PDU packets. Meanwhile, the segmentation/concatenation (at RLC/MAC layer over Uu) is needed for eMBMS packets. As can be seen within LTE eMBMS protocol architecture in TS36.300, there is no PDCP layer over RLC layer. The AS layer security and ROHC function is not activated at all. 
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Figure 1: Protocol stack for NR MBS user plane

The reference 5G MBS architecture as discussed by SA2 does not support SYNC protocol and then unicast protocol layers over Uu is reused. As depicted in Figure 1, both SDAP layer and PDCP layer should be supported for downlink multicast/broadcast transmission. 
For a particular MBS transmission at downlink, the data goes to the SDAP layer of gNB, and then reaches one Radio Bearer’s specific PDCP entity for further data delivery. Following legacy principle, SDAP is responsible for the mapping between MBS flow(s) and MBS Radio Bearer (i.e. MRB). The actual MBS Radio Bearer carrying the MBS flow(s) can be Point-to-Point (i.e. PTP) Radio Bearer (i.e. unicast RB) or Point-To-Multiple Point (i.e. PTM) Radio Bearer. As same as unicast case, the PDCP of a MRB functions as sequence numbering, ROHC, security handling etc. Then PDCP packets further goes to RLC, MAC and PHY for air interface transmission, following legacy unicast transmission at downlink as well. 
Proposal 1: specify both SDAP layer and PDCP layer over Uu interface for NR downlink multicast/broadcast transmission. 

PDCP/RLC layer handling for NR MBS
When PDCP entity is established for multicast/broadcast transmission, the security handling (e.g. ciphering) may be activated for the data flow. If PTM bearer is configured to transmit the data flow over the air interface, all UEs that participate the reception of the data flow can use a common security key to decipher the data. Alternatively, the security aspects can be disabled for MBS transmission. 

Whether or how to enable the security handling and configuration procedure of the security key for the multicast/broadcast PDCP PDU if supported is a decision within SA3. E.g. the security key information can be carried within the header of PDCP packets for the receiving UE to use the right key to decipher the packet.  It is suggested to liaison SA3 to understand the consideration of the security aspects for NR MBS, since it may impact the PDCP header design and PDCP function blocks needed for multicast/broadcast PDCP packets. 

In case the gNB decides to use one or more PTP RB (i.e. Point-to-Point RB) to transmit the upcoming MBS data, the similar principle of the configuration of PTM RB is adopted with the following difference. At first, the gNB delivers the PTP data via UE specific physical resources. Secondly, this special PTP RB used to deliver MBS data can use UE specific security configuration during PDCP layer handling, as required by upper layer. It should be noted that when multiple PTP RB between gNB and UE is established to transmit the MBS data corresponding to one MBS session, different security configuration may be used. Alternatively, the security handling for this PTP RB can adopt the same principle for PTM RB. This should be a second issue we can enquire SA3. 

Proposal 2: Ask SA3 to understand the consideration of the security aspects for both PTM delivery mode and PTP delivery mode.

As in legacy unicast transmission, the ROHC can also be used to perform header compression for NR multicast/broadcast packets to improve resource utilization.  According to ROHC protocol, the ROHC scheme has three modes of operation, unidirectional mode (U-mode), bidirectional Optimistic mode (O-mode) and bidirectional Reliable mode (R-mode). In case of NR multicast/broadcast transmission, packets are only sent in one direction, unidirectional mode of operation (U-mode) can be configured for PTM bearers, since this mode makes ROHC usable over links where a return path from decompressor to compressor is unavailable. In case the gNB decides to use PTP RB to transmit the MBS data, the ROHC mode configuration may follow legacy behavior. 
In addition, the uplink feedback is required for reliable multicast transmission. This means the uplink path from UE to network should be available for PDCP if the uplink feedback is supported at PDCP layer for reliable multicast transmission. In this case, other ROHC modes (R-mode and O-mode) can be used for the ROHC of PDCP packets of PTM transmission. However, if there is no support for the uplink feedback at PDCP layer, the unidirectional mode (U-mode) ROHC should be configured for NR multicast/broadcast PDCP packets when PTM RB is established to deliver Multicast/broadcast data. 

Proposal 3: When PTM RB is established to deliver Multicast/broadcast data, unidirectional mode (U-mode) ROHC can be configured for NR multicast/broadcast PDCP packets if there is no support of uplink feedback at PDCP layer. 
NR MBS Transmission
NR PTM/PTP over Uu
The network needs to establish one or multiple MBS Radio Bearers corresponding to the MBS flows of a particular MBS session in order to support the MBS transmission in the downlink over the air. During SA2 study for 5G MBS, it is clarified that the reliability requirement is only applicable to multicast session and the reliable transmission for broadcast delivery is not supported. In general, the Broadcast session can be carried by NR PTM RB over Uu interface, since there is no reliability requirement and the broadcast generally aims at all users including the idle mode users.

However for multicast session, the corresponding multicast Radio Bearer (i.e. RB) can be subject to either Point-to-Multipoint (i.e. PTM) or Point-to-Point (i.e. PTP) transmission over Uu interface within a cell. PTM transmission is a default transmission mode for multicast at most cases. 
It needs to clarify if PTM and PTP transmission can be supported simultaneously for a particular multicast transmission. Our thinking is that the selection on PTM/PTP can be network implementation that may be based on the number of users, the distribution of users, the QoS of services, User QoE experiences, etc.  However there should be cases requiring both PTM and PTP transmission at the same time. For example, when PTM is used for cell center users and the PTP is used for cell edge users. 
As depicted in Figure 2, there is a PTM transmission established for the multicast flows targeting a large number of users. Meanwhile, two PTP transmissions are created with each going to a specific UE. Then both PTM and PTP transmission run simultaneously at the same cell for a particular multicast transmission.    
Proposal 4: simultaneous PTM/PTP transmission is supported at the same cell for a particular multicast transmission over Uu interface.
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Figure 2: simultaneous PTM/PTP transmission
MBS Session mapping 
In the reference architecture as studied by 3GPP SA2, the unicast PDU session concept is reused for 5G MBS session. UE’s each PDU session context is associated with one particular MBS session context. At Session Management level for a particular UE, the MBS session context may exist in association with at least one PDU session. MBS Session context is identified by a MBS Session context ID and is used to represent information about the group of UEs receiving MBS flows with the same MBS Session context ID. 
MBS session context is common to all UEs receiving the corresponding MBS services. MBS flows within one MBS Session context use the same and shared tunnel between UPF and gNB. At the gNB, the MBS flow identifier maps to a radio bearer by SDAP. If the QoS characteristics of MBS flows allow, gNB can also map several MBS flows within a MBS Session context to one Radio Bearer over the air interface. 
Figure 3 illustrates an example mapping relationship among PDU session, Multicast Session and Multicast Radio Bearer for NR MBS transmission. As depicted in Figure 3, there are three UEs, UE1, UE2 and UE3 each with its own PDU session. UE1 has two PDU sessions, PDU session-A and PDU session-B. UE2 also has two PDU sessions, PDU session-C and PDU session-D.  UE3 has a single PDU session, PDU session-E. From session management perspective, multiple PDU sessions from different UEs are mapped to a single Multicast session. E.g. PDU session-A, PDU session-C and PDU session-E are mapped to Multicast session-1. PDU session-B and PDU session-D are mapped to Multicast session-2. Correspondingly, Multicast session-1 is common or shared by UE1, UE2 and UE3. Multicast session-2 is common or shared by UE1 and UE2. It is also possible for multiple PDU sessions of a particular UE to map to a single Multicast session, which is not depicted in Figure 3.
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Figure 3: mapping relationship among PDU session, Multicast Session and RB
As depicted in Figure 3, one Multicast session may have one or multiple Multicast flow(s). E.g., Multicast session-1 has two Multicast flows; Multicast session-2 has three Multicast flows. PDU session-B mapped to Multicast session-2 may have different Multicast flows than PDU session-D. This means the characteristics of PDU session-B may be the same as PDU session-D or be different from PDU session-D. 
Multicast flows are mapped by gNB at SDAP layer to Radio Bearers including both Point-to-Point Radio Bearer (i.e. PTP RB) and point-to-multiple point Radio Bearer (i.e. PTM RB). E.g., Multicast flow-1 and Multicast flow-2 are mapped to RB-1, which is a PTM Radio Bearer, transmitted over the air interface via point-to-multiple point (i.e. PTM) transmission to UE1, UE2 and UE3. Multicast flow-X and Multicast flow-Y are mapped to RB-2, which is a PTM Radio Bearer, transmitted over the air interface via point-to-multiple point (i.e. PTM) transmission to UE1 and UE2.  Multicast flow-Z is mapped to two PTP RBs, one is RB-3 (going to UE1) and the other is RB-4 (going to UE2).
For NR unicast transmission, a peer of SDAP entity is established at both gNB and UE, corresponding to one PDU session established between UE and SMF. For NR downlink multicast/broadcast transmission, the SDAP entity should be established at the gNB to host the data coming from a particular multicast session, instead of PDU session. 
Specific to the configuration of SDAP and PDCP, there are various options to model the SDAP and PDCP protocol layer at the gNB. The gNB can establish one SDAP entity per each Multicast session. This SDAP entity is shared for all the UEs that join the Multicast group corresponding to the Multicast session. For example, if 5GC requests the gNB to establish one or multiple new Multicast session(s), the gNB needs to establish one or multiple SDAP entities. For one SDAP entity established by gNB for one Multicast session, one or multiple PDCP entities can be established to deliver the Multicast data coming into the SDAP entity from Downlink perspective. The number of PDCP entity to be established depends on the number of Radio bearers decided by the gNB to transmit the Multicast flows within the Multicast session. An example mapping relation is depicted in Figure 4.
As depicted in Figure 4, for case-1, one SDAP entity and one PDCP entity are established to deliver the data of the Multicast flows within the Multicast session. The case-1 in Figure 4 describes a shared RB (i.e. PTM RB) transmitting the Multicast flows within the Multicast session. For case-2, one SDAP entity and two PDCP entities are established to deliver the data of the Multicast flows within the Multicast session. The case-2 in Figure 4 describes two shared RBs (i.e. PTM RB) transmitting the Multicast flows within the Multicast session.
As depicted in case-3 of Figure 4, one SDAP entity and two PDCP entities are established to deliver the data of the Multicast flows within the Multicast session. Case-3 in Figure 4 describes two PTP RBs transmitting the Multicast flows within the Multicast session to the UE (i.e. in unicast manner). This means two UEs (i.e. UE1 and UE2) joined the Multicast group. 
As depicted in case-4 of Figure 4, one SDAP entity and two PDCP entities are established to deliver the data of the Multicast flows within the Multicast session. Case-4 in Figure 4 describes one PTM RB and PTP RB are established to transmit the Multicast flows within the Multicast session to the UE (i.e. in simultaneous PTM and PTP manner).
[image: ]
Figure 4: mapping among multicast session, SDAP entity and PDCP entity
Based on the description above, a number of proposals can be made as below:
Proposal 5: One-to-one mapping between MBS session and SDAP entity is adopted at gNB and UE for downlink MBS transmission.
Proposal 6: Both one-to-one mapping and one-to-many mapping between SDAP entity and PDCP entity are supported at gNB/UE for downlink MBS transmission.
Reuse of Legacy Group scheduling mechanism for NR PTM
The general consideration to support NR MBS transmission is to use NR PTM. SFN based transmission should be transparent to standards if implementation based approach is pursued. We do not see the need to discuss SFN for NR multicast/Broadcast during Rel-17 work on NR MBS.
From physical layer perspective, the same numerology and subframe structure as unicast is reused for PTM transmission. No additional physical channels or Reference signal should be introduced to support PTM. It means the PTM transmission takes place over normal PDSCH channel which adopts DM-RS and CSI-RS. From transport channel perspective, DL-SCH is used. PTM PDSCH is scheduled by PTM DCI which is monitored by multiple users. The PDCCH scheduling PTM PDSCH can be scrambled by a specific Group-RNTI that corresponds to a specific MBS session. 
Proposal 7: Follow the legacy approach and agree the following principle for NR group scheduling:
· PDSCH channel is used as NR PTM physical channel;
· DL-SCH is used as NR PTM transport channel;
· The PDCCH scheduling PTM PDSCH is scrambled by a specific Group-RNTI;
· Each Group-RNTI corresponds to a specific MBS session.
Higher layer aspects
From higher layer perspective, we think the SC-PTM as specified for LTE can act as a baseline. One type of control logical channel i.e. MCCH and one type of traffic logical channel i.e. MTCH can be supported for NR PTM transmission. MCCH and MTCH are mapped on DL-SCH. MCCH and MTCH transmissions are each indicated by a logical channel specific RNTI on PDCCH. For each MTCH, the identification information and scheduling information is provided on MCCH including MTCH scheduling cycle, on-duration and inactivity-timer. The NR PTM reception opportunities are independent of the unicast DRX scheme for the UE. 
The number of transmissions applicable to the transmission blocks for NR PTM and the RLC mode for MTCH needs more discussion at the context of NR MBS as there are reliability requirement for NR PTM in case of multicast. In addition, the number of the MCCH should be also discussed, as explained the section 5. 
Proposal 8: Follow the legacy approach and agree the following principle for NR group scheduling from L2 perspective:
· MCCH is specified for NR PTM control logical channel 
· MTCH is specified for NR PTM traffic logical channel
· MCCH and MTCH are mapped on DL-SCH. 
· MCCH and MTCH transmissions are each indicated by a logical channel specific RNTI on PDCCH. 
· For each MTCH, the identification information and scheduling information is provided on MCCH including MTCH scheduling cycle, on-duration and inactivity-timer.
In legacy system, MCCH is used to carry the identities and scheduling information of all the ongoing multicast/broadcast sessions transmitted by MTCHs. MCCH information is sent via RRC signalling every MCCH repetition period and MCCH uses a modification period. The change of MCCH information uses a notification mechanism. In legacy system, the reception of the MCCH information is indicated within the system information. So in general, there is a three-step approach for the reception of the particular MTCH (i.e. BCCH->MCCH->MTCH). Our thinking is that NR PTM can adopt the same principle for the MBS scheduling especially considering that we need support RRC-Idle mode UE reception on NR MBS.   
Proposal 9: Follow the legacy approach and agree the following principle for NR PTM scheduling:
· MCCH Scheduling information is carried by system information (BCCH) 
· MCCH information is sent by RRC signaling 
· The transmission of MCCH obeys repetition period and modification period
· The change of MCCH information uses a notification mechanism.  
Conclusion
Proposals on Protocol stack:
Proposal 1: specify both SDAP layer and PDCP layer over Uu interface for NR downlink multicast/broadcast transmission.
Proposal 2: Ask SA3 to understand the consideration of the security aspects for both PTM delivery mode and PTP delivery mode.
Proposal 3: When PTM RB is established to deliver Multicast/broadcast data, unidirectional mode (U-mode) ROHC can be configured for NR multicast/broadcast PDCP packets if there is no support of uplink feedback at PDCP layer.
Proposal 4: simultaneous PTM/PTP transmission is supported at the same cell for a particular MBS transmission over Uu interface.
Proposal 5: One-to-one mapping between multicast session and SDAP entity is adopted at gNB and UE for downlink multicast transmission.
Proposal 6: Both one-to-one mapping and one-to-many mapping between SDAP entity and PDCP entity are supported at gNB/UE for downlink multicast transmission.
Proposals on Reuse of legacy Group scheduling mechanism:
Proposal 7: Follow the legacy approach and agree the following principle for NR group scheduling:
· PDSCH channel is used as NR PTM physical channel;
· DL-SCH is used as NR PTM transport channel;
· The PDCCH scheduling PTM PDSCH is scrambled by a specific Group-RNTI;
· Each Group-RNTI corresponds to a specific MBS session.
Proposal 8: Follow the legacy approach and agree the following principle for NR group scheduling from L2 perspective:
· MCCH is specified for NR PTM control logical channel 
· MTCH is specified for NR PTM traffic logical channel
· MCCH and MTCH are mapped on DL-SCH. 
· MCCH and MTCH transmissions are each indicated by a logical channel specific RNTI on PDCCH. 
· For each MTCH, the identification information and scheduling information is provided on MCCH including MTCH scheduling cycle, on-duration and inactivity-timer.
Proposal 9: Follow the legacy approach and agree the following principle for NR PTM scheduling:
· MCCH Scheduling information is carried by system information (BCCH) 
· MCCH information is sent by RRC signalling 
· The transmission of MCCH obeys repetition period and modification period
· The change of MCCH information uses a notification mechanism.
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