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 Introduction

In this paper, we’d like to focus on the following L2 centric issues:

MRB PDCP Initialization due to MRB setup or PTM/PTP switching

MRB RLC Initialization due to MRB setup or PTM/PTP switching
For the above problems, several options have been discussed in previous meetings, but the final conclusion has not been drawn. In the last meeting[1], we have conducted in-depth analysis and discussion on each option. Here, we will further elaborate on the arguments for the supported options.
 MRB PDCP Initialization

At the RAN2#115-e meeting[2], the following consensus was reached regarding the initialization of MBS PTM PDCP：

RAN2 115e agreements.
For PTM PDCP state variables setting while configured, the SN part of COUNT values of these variables are set according to the SN of the first received packet (by the UE) and the HFN indicated by the gNB, if needed.
In this section, we mainly analyze two remaining issues, one is the value of SN of the state variables, and the other is whether gNB is required to indicate the HFN of the state variables.
PDCP SN Initialization

The UE can start receiving data from the beginning or the middle of the MBS service, which is similar to sidelink transmission, so the unicast PDCP initialization process is not applicable.

The UE can start receiving data at the beginning or in the middle of the MBS service.
Combining the discussion of the past sidelink business and considering minimizing the impact of current specifications, we believe that PDCP SN initialization not only does not bring significant gains, but also has an impact on existing specifications, so it is not applicable.
PDCP SN Initialization does not bring significant gains but impact on existing specifications

Therefore, the SN part of the state variables in the MRB PDCP initialization should be determined by the UE based on the first received PDCP data PDU. For specific values, please refer to sidelink PDCP initialization.

In NR MBS, the initial value of the SN part of RX_NEXT and RX_DELIV are set based on the first received PDCP Data PDU as sidelink PDCP initialization.

PDCP HFN Initialization
In the initialization of MRB PDCP, in addition to the initialization of the SN part, another problem is the initialization of the HFN part. At present, the main controversy is whether the gNB instruction is required.

First, let’s analyze the role of HFN:

AS layer security

PDCP Data PDU delivery reordering

-PDCP SR(in one RAN node)

-PDCP SN status transfer(cross RAN nodes, such as handover)

Next, we will analyze each of the above items one by one. Before we start, let’s first state our assumptions. We assume that the sequence numbers of data packets transmitted among the core network and gNB, gNB and UE, gNB and gNB is very minor compared to one PDCP SN window length. The reason is that the flip period of PDCP SN is in seconds or even minutes, which we think can cover the transmission gap among different RAN nodes and UEs.

The flip period of PDCP SN is in seconds or even minutes, so the PDCP SN at the receiving and sending ends of MBS transmission will not have a gap that is as long as a flip period.
#AS layer security

One of the roles of the initial value of the PDCP HFN part indicated by gNB is to achieve AS security, but the conclusions drawn by the current SA3 working group are as follows[3]:

Following conclusions are made on Key Issue #2 " Security protection of MBS traffic ":

No normative work is needed for transport layer-based solution.

Service-layer solution is used as a baseline for the normative work. MBSTF provides the security protection for MBS traffic. The MTK is used as a root key to derive application/protocol specific keys to protect (e.g., encrypt or integrity protect) MBS service traffic. This will be optional to implement in both UE and network.

Every MTK is uniquely identifiable by its KID. In the UE joining procedure, MTK and KID are delivered to UE via control plane if the UE is authorized to the MBS service. This will be optional to implement in both UE and network.

Editor’s Note: whether UP based solution can co-exist with the CP based solution is FFS.

The SA3 working group clarified that the current normative work of the security protection for MBS traffic is limited to the service layer and does not include the transport layer. It can be seen that the AS security of MBS is not necessary, so the initial value of HFN does not need to be specified by gNB.

According to the results of SA3 discussion, MBS AS security is not necessary.

# PDCP Data PDU delivery reordering

In addition to the AS security, HFN also plays the role of PDCP Data PDU delivery reordering together with SN.
##PDCP SR (in one RAN node)

- No HFN indication

In our opinion, in MBS transmission, explicit HFN synchronization is not required, because there is no HFN flip period between the data transmitted between gNB and UE, based on the PDCP SR reported by the UE combined with the data transmitted by itself Status, you can infer the sequence number of the reported PDCP Data PDU.

Independent of HFN indication, gNB can infer the data packet corresponding to the sequence number reported by the PDCP SR.

- HFN indication
Some companies believe that because the COUNT value reported in the PDCP SR, in order to keep the COUNT value between the UE and gNB unambiguous, it is necessary to specify the HFN by the gNB when the PDCP is initialized.

HFN indication can ensure that the PDCP COUNT value between gNB and UE is consistent, but it will introduce an impact on the specification.

##PDCP SN status transfer (cross RAN nodes, such as handover)

According to the discussion results of the RAN3#113e meeting, in order to reduce packet loss during the handover process [4], the source and target gNB derive the synchronized PDCP SN from the sequence number. 

Next, we will discuss the impact of HFN indication and no HFN indication on MBS handover.

- No HFN indication

If the HFN is not specified by the core network, the source and target base stations may start MBS transmission at different times, and different HFN values may be set for the same data packet. However, we believe that the time difference of MBS transmission will not exceed the HFN rollover period, so we think that gNB can distinguish the corresponding Data PDU according to the PDCP SN part. At the same time, the UE implements HFN by itself to ensure the continuity of the PDCP COUNT value during the handover process and avoid data loss.

In case of no HFN indication, gNBs have the same understanding of data packet of the same PDCP SN, and can still guarantee the continuity of the PDCP COUNT value without specification impacts.

- HFN indication

The conditions for the realization of HFN indication include the following aspects:

The core network needs to enhance the existing specifications to uniformly indicate the same SN and HFN to all gNBs. 

During the handover, the source side and the target side need to exchange HFN values. 

It is necessary to enhance the signaling interaction between the gNB and the UE to indicate the HFN for the UE.
It can be seen that the HFN indicator has a relatively large impact on the specification, but the gain it brings is not very obvious.

The HFN indicator has a relatively large impact on the specification, but the gain is not obvious.
HFN indication and non-indication do not affect the transmission of MBS data, and in contrast, non-indication of HFN has no effect on the current specifications, we think it is more appropriate.

In the initialization of NR MBS PDCP, HFN indicated by gNB is not required.
 MRB RLC Initialization
At the RAN2#115-e meeting[6], the following consensus was reached regarding the initialization of MBS RLC：
RAN2 115e agreements
Initialize the PTM RLC entity for an MRB configuration, the value of RX_Next_Highest and RX_Next_Reassembly are set according to the SN of the first received packet containing an SN.

RLC state variables of PTP RLC reception window can be set to initial value, i.e. 0, due to MRB configuration.

There is also a remaining problem, that is, how to set the specific value of the state variable when the PTM RLC is initialized. In the email discussion[5], two initialization methods are proposed for option B2, as shown below:
Option 1: For multicast PTM, the initial value of RX_Next_Reassembly is set to a value before RX_Next_Highest.

Option 2: For multicast PTM, the initial value of RX_Next_Reassembly is set to the same as RX_Next_Highest. 

We believe that both options can work and there is no obvious gain difference. Therefore, in order to minimize the modification of the specification, we recommend the same initialization method as V2X, which is to use option2 to initialize the state variables of the MBS PTM RLC entity.
Initialize the state variables of the RLC receiving entity to the first received UMD PDU containing an SN.
 Conclusion
Based on the analysis provided above, we have the following observations:

The UE can start receiving data at the beginning or in the middle of the MBS service.
PDCP SN Initialization does not bring significant gains but impact on existing specifications

The flip period of PDCP SN is in seconds or even minutes, so the PDCP SN at the receiving and sending ends of MBS transmission will not have a gap that is as long as a flip period.
According to the results of SA3 discussion, MBS AS security is not necessary.

Independent of HFN indication, gNB can infer the data packet corresponding to the sequence number reported by the PDCP SR.

HFN indication can ensure that the PDCP COUNT value between gNB and UE is consistent, but it will introduce an impact on the specification.

In case of no HFN indication, gNBs have the same understanding of data packet of the same PDCP SN, and can still guarantee the continuity of the PDCP COUNT value without specification impacts.

The HFN indicator has a relatively large impact on the specification, but the gain is not obvious.
Based on the analysis provided above, we have the following proposals:

In NR MBS, the initial value of the SN part of RX_NEXT and RX_DELIV are set based on the first received PDCP Data PDU as sidelink PDCP initialization.

In the initialization of NR MBS PDCP, HFN indicated by gNB is not required.
Initialize the state variables of the RLC receiving entity to the first received UMD PDU containing an SN.
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