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1	Introduction
In the RAN#86 meeting [1], a new Work Item on NR Multicast and Broadcast Services was approved [1]. This WI will provide the support in RAN for Objective A (Enabling general MBS services over 5GS) as much as possible, consistently with TR 23.757[2]. For MBS, the following objectives related to RAN2 are listed:
· Specify RAN basic functions for broadcast/multicast for UEs in RRC_CONNECTED state [RAN1, RAN2, RAN3]:
· Specify a group scheduling mechanism to allow UEs to receive Broadcast/Multicast service [RAN1, RAN2]
· This objective includes specifying necessary enhancements that are required to enable simultaneous operation with unicast reception.
· 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]
· Specify required changes to improve reliability of Broadcast/Multicast service, e.g. by UL feedback. The level of reliability should be based on the requirements of the application/service provided.[RAN1, RAN2]
· Study the support for dynamic control of the Broadcast/Multicast transmission area within one gNB-DU and specify what is needed to enable it, if anything [RAN2, RAN3]
· Specify RAN basic functions for broadcast/multicast for UEs in RRC_IDLE/ RRC_INACTIVE states [RAN2, RAN1]:
· Specify required changes to enable the reception of Point to Multipoint transmissions by UEs in RRC_IDLE/ RRC_INACTIVE states, with the aim of keeping maximum commonality between RRC_CONNECTED state and RRC_IDLE/RRC_INACTIVE state for the configuration of PTM reception. [RAN2, RAN1].
In this contribution, we will discuss the stage2 issues for MBS, including E2E framework, MBS QoS flow mapping and the necessity of PDCP based on the SA2 progress.  
2 Background
During the SA2 study item, a lot of research has been made for 5G MBS. For ease of understanding, before we start the discussion on stage 2 impacts for MBS, we would like to introduce the related SA2 progress. 
2.1 5G MBS system architecture alternatives
· Baseline architecture 1: 5G MBS system architecture based on unicast 5GC
This solution relies on enhancing the existing 5GS network functions, NG-RAN and UE currently only supporting PTP transport, to support PTM transport. Figure 1 shows the 5G system architecture for integrated PTM with PTP. 


Figure 1: 5GS enhancement for PTM support
· Baseline architecture 2: 5G MBS system architecture based on dedicated MBS Function
This solution relies on introducing new functional components and necessary enhancement to the existing entities. Figure 2 illustrates single architecture for MBS in 5GS, where MB-SMF, MB-UPF, MBSF and MBSU are functional components. These components can be standalone or co-locate with existing Network function. MB-SMF is an SMF enhanced to control MB Sessions and MB-UPF is a UPF enhanced with MBS user plane function. The MBSU is aware of the content stream and is capable of transforming the content stream required by the service requirement. The MBSF is a function which may be part of NEF or be deployed independently which can support MBS Service ID allocation or other MBS signaling for the service level management.
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Figure 2: 5GS Architecture supporting MBS
Observation 1: Two architectural alternatives are assumed for 5G MBS system in SA2: one is based on unicast 5GC and the other is based on dedicated MBS functions.
2.2 MBS Traffic delivery methods 
MBS traffic needs to be delivered from a single data source (e.g. Application Service Provider) to multiple UEs. Depending on many factors, multiple delivery methods may be used to deliver MBS traffic in the 5GS.
The following two delivery methods are possible between RAN node and 5G CN, and from the perspective of SA2, the majority of companies support shared N3 tunnel method:
-     MBS traffic delivery method via individual N3 tunnel: 5G CN receives a single copy of MBS data packets and delivers separate copies of those MBS data packets to a RAN node via separate N3 tunnel.
-	MBS traffic delivery method via shared N3 tunnel: 5G CN receives a single copy of MBS data packets and delivers a single copy of those MBS packets to a RAN node, which then delivers them to one or multiple UEs
Besides, two delivery methods are possible for RAN node:
-	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.
Figure 3 gives a schematic showing delivery methods, in which PTP or PTM delivery method and shared N3 tunnel delivery method may be used at the same time for a 5G MBS session.
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Figure 3: Schematic showing delivery methods
Observation 2: In SA2, a shared N3 tunnel may be used to deliver MBS traffic from 5GC to gNB.
3 Discussion 
In this part, we begin to discuss the stage 2 impacts for MBS, including End-to-End framework and MBS QoS flow mapping. Besides, we further analyze the impacts of the PDCP and RLC for MBS in [3] and [4] respectively.
3.1 E2E framework
Although it still needs more work for SA2 to decide which architecture alternative is used, from RAN2’s perspective, the same E2E framework can be abstracted in Figure 4. When 5G CN receives MBS data packets, it associates these packets to MBS QoS Flow Y and then delivers the MBS QoS flow to NG-RAN node via a separate tunnel or a shared N3 tunnel. Subsequently, NG-RAN node can use PTP or PTM to deliver the data packets in MBS QoS Flow to a group UEs who are interested in receiving this MBS service. 
There are two choices for switching between PTP and PTM: one is the SMF based switching (based on the rules from the SMF) and the other one is the NG-RAN based switching. However, for 5G MBS, it is more efficiently for RAN to make the decision on whether to use PTP or PTM, which can provide more real-time decision as well as satisfy the original objectives for 5G MBS to save radio resources with shared N3 tunnel. Moreover, RAN can determine to use PTP and PTM based on radio conditions of the UEs who are interested in the MBS service and dynamic control the switch between PTP and PTM, which is also an objective of this RAN WID.
Proposal 1:  It is up to RAN to make the decision to use PTP or PTM for a MBS RB.
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Figure 4: E2E framework for MBS
3.2 MBS QoS flow mapping
In LTE, each MBMS service can be identified by the TMGI. If multiple MBMS services were identified by the same G-RNTI, the UEs would have to read and process data of MBMS services in which they have no interest. This might also impact the UE’s power consumption, as the UE has to wake up more often to read data that it does not want. In order to minimize the impact on UE power consumption, LTE was agreed to use one to one mapping between G-RNTI and MBMS service. In the same sense, NR can reuse the same mapping mechanism for MBS service to achieve the same benefits as LTE. 
Proposal 2: The mapping between G-RNTI and MBS service should be one-to-one.
From the E2E framework for MBS, we can see what is perceived by NG-RAN is MBS QoS flows. In SA2, a specific MBS service might be associated to one or multiple MBS QoS flows, which aims at achieving more flexibility by providing differentiated treatments for different MBS QoS flows. In RAN side, the MBS QoS flows can follow the current principle in NR, i.e. MBS QoS flows would be mapped to a certain radio bearers. In order to distinguish between the legacy unicast DRB and the MBS specific radio bearer, we will in the following refer to the bearer for MBS services as the “MBS RB”. To better illustrate the relationship between MBS services, MBS QoS flows and MBS RBs, we give the following figures, in which the parts in red box are still under discussion by SA2.
Observation 3: The mapping between a MBS service and MBS QoS flows could be one-to-one or one-to-many.
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Figure 5. Schematic showing MBS session and MBS QoS characteristics
Since QoS flow to DRB mapping is handled by SDAP, it is straightforward to study whether SDAP is needed or not for MBS. As defined in TS 37.324[5], the following functions are supported by SDAP:
a) transfer of user plane data;
b) mapping between a QoS flow and a DRB for both DL and UL;
c) marking QoS flow ID in both DL and UL packets;
d) reflective QoS flow to DRB mapping for the UL SDAP data PDUs
MBS is a downstream only service, thus the bullet d) is obviously not needed. The only motivation to mark QoS flow ID in DL is for reflective QoS flow to DRB mapping. Therefore, bullet c) is also not useful to MBS. 
If a MBS service only corresponds to one MBS QoS flow, it seems no need to introduce SDAP to do the MBS QoS flow to MBS RB mapping. However, if a MBS service can be mapped to multiple MBS QoS flows, there can be two options regarding how the MBS QoS flows are mapped to MBS RBs:
· Option 1: Reuse SDAP to handle the mapping
· Option 2: NG-RAN implementation, i.e. no SDAP 
As the mapping between MBS services and MBS QoS flows is still under discussion in SA2, the discussion on the need of SDAP in RAN2 can be postponed until SA2 makes a conclusion. 
Observation 4: Whether SDAP is useful or not depends on whether there are multiple MBS QoS flows associated with a MBS service, and this issue is still under discussion in SA2.
Proposal 3: whether SDAP is needed or not can be decided based on SA2 inputs.
3.3 PDCP for MBS
In the following, we will discuss the necessity of PDCP sublayer for MBS service delivery. The main functions of PDCP include:
-	Security functions;
-	Header compression;
-	Reordering and duplicate discarding.
These functions should be examined before deciding whether PDCP is needed for PTM transmission.
Security functions
One significant function of PDCP sublayer is to ensure secure transmission between gNB and UE. In SA3, a new SID: Study on Security Aspects of Enhancement for 5G Multicast-Broadcast Services has been approved. It aims to design security mechanisms for delivery of MBS services, but it is not yet clear if the security function will be located in RAN, i.e. in PDCP, or in other layers. So the security considerations for PDCP depends on SA3 progress.
Observation 4: SA3 has setup a Study Item for MBS, and how to support security for MBS will be discussed and determined in SA3.Header compression
In UMTS and LTE, header compression function, i.e. ROHC, is supported for MBMS data in BM-SC [2]. ROHC is especially efficient for voice services involved in mission critical services. According to the WID [1], public safety and mission critical is also a vital scenario of NR MBS. RAN2 can discuss if RoHC is needed in PDCP for MBS. 
Reordering and duplicate discarding 
In NR, reordering function has been moved from RLC to PDCP. As a basic AS function, in-order delivery of upper packets should be guaranteed, which is especially beneficial for MBS services like V2X applications and software update. Otherwise, upper layer (e.g. TCP) retransmission may be triggered unnecessarily. As retransmission for reliability and dynamic switch are both key features to support for NR MBS in the WID, out-of-order and duplicate receiving of MBS service in the UE is almost inevitable. Therefore, reordering and duplication detection are beneficial for MBS.  
Proposal 4: PDCP sublayer is used for NR MBS, and reordering and duplicate detection are supported. 
Proposal 5: RAN2 can further discuss if RoHC is supported in PDCP for MBS.
Proposal 6: Whether security functions are supported in PDCP is subject to SA3.
4	Conclusions
In this contribution, we discussed the stage 2 impacts for MBS, including E2E framework, MBS QoS flow mapping and the necessity of PDCP. Based on our discussion, we conclude with the following proposals:
Observation 1: Two architectural alternatives are assumed for 5G MBS system in SA2: one is based on unicast 5GC and the other is based on dedicated MBS functions.
Observation 2: In SA2, a shared N3 tunnel may be used to deliver MBS traffic from 5GC to gNB.
Observation 3: The mapping between a MBS service and MBS QoS flows could be one-to-one or one-to-many.
Observation 4: SA3 has setup a Study Item for MBS, and how to support security for MBS will be discussed and determined in SA3.

Proposal 1:  It is up to RAN to make the decision to use PTP or PTM for a MBS RB.
Proposal 2: The mapping between G-RNTI and MBS service should be one-to-one.
Proposal 3: whether SDAP is needed or not can be decided based on SA2 inputs.
Proposal 4: PDCP sublayer is used for NR MBS, and reordering and duplicate detection are supported. 
Proposal 5: RAN2 can further discuss if RoHC is supported in PDCP for MBS.
[bookmark: _GoBack]Proposal 6: Whether security functions are supported in PDCP is subject to SA3.
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