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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
L2 ARQ for PTM for normal data transfer

For the above problems, several options have been discussed in previous meetings, but the final conclusion has not been drawn. Here, we will further analyze the options discussed before.

 MRB PDCP Initialization

As shown below, three initialization solutions were proposed in the email discussion[1], which can be summarized into two questions, that is, whether the SN and HFN in the PDCP receiving state variables need to be synchronized. In this section, we will first analyze whether such issues are considered in the existing specifications. Secondly, we will combine the transmission characteristics of MBS to analyze whether PDCP initialization needs to achieve synchronization of SN and HFN.
A1. The COUNT values of these variables are indicated by the gNB

A2. The SN parts of COUNT values of these variables are set according to the SN of the first received packet and the HFN by UE implementation (similar to sidelink)

A3. The SN part of COUNT values of these variables are set according to the SN of the first received packet and the HFN indicated by the gNB
Specification of PDCP Initialization

In TS 38.323, the provisions of the state variables in the initialization of the PDCP receiving entity are as follows:

	a)
RX_NEXT

This state variable indicates the COUNT value of the next PDCP SDU expected to be received. The initial value is 0, except for sidelink broadcast and groupcast, and for SRBs configured with state variables continuation. For NR sidelink communication for broadcast and groupcast, the initial value of the SN part of RX_NEXT is (x +1) modulo (2[sl-PDCP-SN-Size]), where x is the SN of the first received PDCP Data PDU. For target SRB configured with state variables continuation, the initial value is the value stored in PDCP entity for the corresponding source SRB. For source SRB configured with state variables continuation, the initial value is the value stored in PDCP entity for the corresponding target SRB.
NOTE:
It is up to UE implementation to select HFN for RX_NEXT as such that initial value of RX_DELIV should be a positive value.

b)
RX_DELIV

This state variable indicates the COUNT value of the first PDCP SDU not delivered to the upper layers, but still waited for. The initial value is 0, except for sidelink broadcast and groupcast, and for SRBs configured with state variables continuation. For NR sidelink communication for broadcast and groupcast, the initial value of the SN part of RX_DELIV is (x – 0.5 × 2[sl-PDCP-SN-Size–1]) modulo (2[sl-PDCP-SN-Size]), where x is the SN of the first received PDCP Data PDU. For target SRB configured with state variables continuation, the initial value is the value stored in PDCP entity for the corresponding source SRB. For source SRB configured with state variables continuation, the initial value is the value stored in PDCP entity for the corresponding target SRB.

c)
RX_REORD

This state variable indicates the COUNT value following the COUNT value associated with the PDCP Data PDU which triggered t-Reordering. For target SRB configured with state variables continuation, the initial value is the value stored in PDCP entity for the corresponding source SRB. For source SRB configured with state variables continuation, the initial value is the value stored in PDCP entity for the corresponding target SRB.


It can be seen that the initialization of the above state variables can be divided into two situations, The first case is unicast , the second case is sidelink broadcast and multicast.

For unicast, because the UE always receives data packets from the beginning of the service, the SN and HFN in the transmitting and receiving entities start from 0, so SN and HFN are synchronized by default.

For unicast, SN and HFN of the state variables in PDCP initialization are synchronized by default.

For sidelink, considering that the UE can start receiving data at the beginning or the middle of the service, at the same time, AS security is not implemented in V2X, so the SN and HFN of the state variables are not synchronized in the PDCP initialization.
For sidelink broadcast and groupcast, SN and HFN of the state variables in PDCP initialization are not synchronized.
For sidelink broadcast and groupcast, the synchronization of SN and HFN is not considered during PDCP initialization.
PDCP SN synchronization
We first analyze the transmission characteristics of MBS, and then analyze the initialization process when the SN of the state variable is synchronized or not, and finally consider whether SN synchronization is necessary during MRB PDCP initialization.

# Characteristics of MBS transmission

MBS is a broadcast service performed by gNB to a group of UEs. Similar to sidelink broadcast and multicast, the UE can join the multicast group/broadcast service and start receiving data at the beginning or in the middle of the service.

The UE can start receiving data at the beginning or in the middle of the MBS service.
If PDCP SN synchronization is anticipated:
Initialization process: A new RRC interaction process will be added. gNB will configure/initialize the SN part of RX_NEXT and RX_DELIV for the UE. This process may occur before or during MBS service transmission.
Advantages: Clearly specify the receiving window, no need for any adaptive state variable definition on the UE side.
Disadvantages: It has a great impact on the specification. There is a possibility that the RRC configuration and the MBS service transmission can be carried out at the same time, so there is no guarantee that the initial value of the configuration is appropriate (e.g., the first received PDU will not be perfectly aligned with the configured variables).
In MRB PDCP initialization, PDCP SN synchronization needs to add RRC signaling, which has an impact on the specification.
If no PDCP SN synchronization is anticipated:

Initialization process: The UE realizes the initialization of the SN part of RX_NEXT and RX_DELIV, which can be set according to the first received PDCP PDU with reference to sidelink broadcast and multicast.

Advantages: Little impact on the specification, adaptive whenever you start receiving MBS services, and dynamically adjust the SN part of RX_DELIV and RX_NEXT according to your own needs.

Disadvantages: Some companies mentioned in the email discussion that this method will introduce reordering delay, we think it is not necessarily so, it depends on how to initialize the SN part of RX_DELIV. For example, the SN of RX_DELIV can be set to the first received SN minus a certain length (e.g.,a quarter of full SN), which reduces packet loss but introduces delay. It is also possible to make the SN of RX_DELIV equal to the first received SN, which will not introduce time delay, but it will not receive data packets with smaller SN.
In MRB PDCP initialization, The PDCP SN is not synchronized, which has no effect on the existing RRC interaction process in the specification. The selection of the PDCP SN of the state variables can be implemented by the UE.
After analysis, we believe that the SN part of RX_NEXT and RX_DELIV does not need to be synchronized in MRB PDCP initialization. The reason is that regardless of whether the SNs of the state variables are synchronized, the receiving entity can receive data, and SN synchronization has a large impact on the specification but does not have enough gain for MBS reception. On the contrary, the UE's own choice of the SN part of RX_NEXT and RX_DELIV not only has a small impact on the specification, but also can better meet various needs of receiving.

In NR MBS, PDCP SN synchronization is not necessary.
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.

In NR MBS, the initial value of the SN part of RX_NEXT is (x +1) modulo (2[PDCP-SN-Size]), where x is the SN of the first received PDCP Data PDU.
In NR MBS, the initial value of the SN part of RX_DELIV is (x – s × 2[sl-PDCP-SN-Size–1]) modulo (2[sl-PDCP-SN-Size]), where x is the SN of the first received PDCP Data PDU, the value of s is FFS.
PDCP HFN synchronization
In addition to the SN synchronization issue, another issue of concern in the email discussion is HFN synchronization. The purpose of HFN synchronization is AS security. This section is divided into two cases to analyze, one is MRB PDCP initialization when AS security is not considered, and the other is initialization when AS security is considered.

# No AS Security in NR MBS

Implementation of HFN: The initial value of HFN can be selected by the UE, and according to the relationship between PDCP SN and the receiving window, calculate whether the HFN needs to be flipped to ensure PDCN count value is always increasing.
# AS Security in NR MBS
Implementation of HFN synchronization: A dedicated RRC signaling is required, and the configuration content can be the SN and HFN of the state variables, or only the HFN part. We think the latter is not feasible, there may be a ambiguity between the configured HFN and the HFN required for the first PDCP Data PDU received, that is, HFN_first or HFN_init + 1, when the PDCP SN is about to be flipped or just flipped, which will cause packet loss due to decryption failure.
In MRB PDCP initialization, If gNB only initializes the HFN part of RX_NEXT and RX_DELIV without configuring the SN part, there will be HFN ambiguity.

In MRB PDCP initialization, HFN synchronization needs to add RRC signaling, which has an impact on the specification.
# Does MBS need HFN synchronization
For MBS, whether HFN synchronization is required depends on whether AS security is implemented. Regarding the current progress of SA3, we think that SA3 has not yet agreed to support the security of MBS. If AS security is introduced, it will bring extra impact to the AS layer. Before SA3 has a concrete conclusion, we can now assume there is no AS layer security (and we can always come back to this issue when SA3 does require AS layer security).
It is up to UE implementation to select HFN for the state variables. Wait for SA3 progress on AS security.

For MRB PDCP entity initialization, The SN parts of COUNT values of these variables are set according to the SN of the first received packet and the HFN by UE implementation (similar to sidelink broadcast/groupcast).
 MRB RLC Initialization
For MRB RLC initialization, two solutions are proposed in the email discussion[1], as shown below. It can be seen that the above two solutions correspond to the initialization methods of unicast, sidelink broadcast and multicast RLC receiving entities in the existing specifications. Let’s first analyze the reason for such initialization in the existing protocol. Secondly, in combination with the characteristics of MBS transmission, consider which scheme is more suitable for MBS.
B1. Initialize the PTM RLC entity for an MRB configuration, or when an MRB is switched from PTP to PTM and PTM is deactivated before, the value of RX_Next_Highest and RX_Next_Reassembly can be set to initial value, i.e. 0.

B2. Initialize the PTM RLC entity for an MRB configuration, or when an MRB is switched from PTP to PTM and PTM is deactivated before, the value of RX_Next_Highest and RX_Next_Reassembly can be set to the SN of the first received packet containing an SN, like sidelink broadcast/groupcast. 
Specification of RLC Initialization

In TS 38.322, the provisions of the state variables in the initialization of the RLC receiving entity are as follows:

	Each receiving UM RLC entity shall maintain the following state variables:

a) RX_Next_Reassembly – UM receive state variable

This state variable holds the value of the earliest SN that is still considered for reassembly. It is initially set to 0. For groupcast and broadcast of NR sidelink communication, it is initially set to the SN of the first received UMD PDU containing an SN.

b) RX_Timer_Trigger – UM t-Reassembly state variable

This state variable holds the value of the SN following the SN which triggered t-Reassembly.

c) RX_Next_Highest– UM receive state variable

This state variable holds the value of the SN following the SN of the UMD PDU with the highest SN among received UMD PDUs. It serves as the higher edge of the reassembly window. It is initially set to 0. For groupcast and broadcast of NR sidelink communication, it is initially set to the SN of the first received UMD PDU containing an SN.


It can be seen that the initialization of the above state variables can be divided into two situations, The first case is unicast , the second case is sidelink broadcast and multicast.

For unicast: 
Transmission characteristics: The UE always receives data packets from the beginning of the service, that is, the transmitting and receiving actions are synchronized

Initial action: The state variables of the RLC receiving entity are initialized to 0.
For sidelink broadcast and groupcast:

Transmission characteristics: The UE can receive data either at the beginning of the service or in the middle of the service, that is, TX UE and RX UE will initialize their RLC entity independently.
Problems introduced: Although the received packet is a valid packet, it may be discarded, for example, if the SN of the newly received packet satisfies (RX_Next_Highest – UM_Window_Size) <= SN < RX_Next_Reassembly, although this is not an expired packet. In addition to packet loss, in this case, the RLC receiving window will not be updated.

Initial action: The state variables are set based on the first received UMD PDU containing an SN. 

For sidelink broadcast and groupcast, since the RLC entity initialization of the transceiver device is independent, packet loss will be introduced. In order to reduce packet loss, the state variable of the RLC receiving entity is initialized based on the first received UMD PDU containing an SN.
MRB RLC Initialization Solutions

In this section, we will first introduce the transmission characteristics of MBS, and the following is an analysis of whether the scheme in the email discussion is applicable to the initialization of the MRB RLC receiving entity.
# Transmission characteristics of MBS, similar to sidelink
UE can start receiving data at any time during the service

The RLC entity initialization process of the receiving and transmitting entities is independent

In NR MBS, the UE can receive data at any time, and the RLC initialization of the receiving and sending entities is independent.
# Option B1--The state variables of the RLC receiving entity are initialized to 0
Because MBS transmission characteristics are similar to sidelink broadcast and multicast, using this method will cause the same problem, that is, although the received data packet is a valid packet, it may be discarded.

Option B1 may cause packet loss, which initialize the state variable of the RLC receiving entity to 0.

# Option B2--The state variables are set based on the first received UMD PDU containing an SN
The initialization method of this option fully takes into account the transmission characteristics of MBS. According to the first received SN, actively adjust the receiving window, which greatly reduces the possibility of discarding valid data packets.

Option B2 can reduce packet loss, which initialize the state variable of the RLC receiving entity to the first received UMD PDU containing an SN.
Initialize the state variable of the RLC receiving entity to the first received UMD PDU containing an SN.
 MRB Reliability
In this section, we will first focus on MBS services with high-level reliability but insensitive to delay. Then we will discuss the current methods used in order to improve reliability for this type of service.
MBS Service Requirements

As shown below in the table of 5G QoS characteristics[2], there are some services which require high reliability but not sensitive to delay, such as video (buffered streaming), TCP-based (such as www, email, Chat, ftp, p2p file sharing, progressive video, etc.) and any services that can be used over satellite access types with these characteristics.

Table 5.7.4-1: Standardized 5QI to QoS characteristics mapping
	5QI

Value
	Resource Type
	Default Priority Level
	Packet Delay Budget

(NOTE 3)
	Packet Error

Rate 
	Default Maximum Data Burst Volume

(NOTE 2)
	Default

Averaging Window
	Example Services

	1

	
GBR
	20
	100 ms

(NOTE 11,

NOTE 13)
	10-2
	N/A
	2000 ms
	Conversational Voice

	2

	
	40
	150 ms

(NOTE 11,

NOTE 13)
	10-3
	N/A
	2000 ms
	Conversational Video (Live Streaming)

	4

	
	50
	300 ms

(NOTE 11,

NOTE 13)
	10-6
	N/A
	2000 ms
	Non-Conversational Video (Buffered Streaming)

	70

(NOTE 12)

	Non-GBR
	55
	200 ms

(NOTE 7,

NOTE 10)
	10-6
	N/A
	N/A
	Mission Critical Data (e.g. example services are the same as 5QI 6/8/9)

	10
	
	90
	832ms

(NOTE 13)

(NOTE 17)
	10-6
	N/A
	N/A
	Video (Buffered Streaming)

TCP-based (e.g. www, e-mail, chat, ftp, p2p file sharing, progressive video, etc.) and any service that can be used over satellite access type with these characteristics


There exist MBS services which requires high reliability but are not sensitive to delay.
Mechanisms to Improve Reliability

In this section, we first summarize the currently commonly used mechanisms to ensure reliability, and secondly, review the mechanisms that have been agreed and are currently under discussion to ensure the reliability of MBS transmission.

Traditional methods of ensuring reliability
HARQ: HARQ retransmission is quick, has soft combining gain and may also increase time diversity gain. However, reliability will not be sufficient with only HARQ in some cases.
RLC-AM: L2 retransmission mechanism implemented at the RLC layer, using ARQ for error correction, timeliness is slightly inferior to HARQ. Moreover, RLC AM for PTM has been ruled out at least for Rel-17.

PDCP retransmission: L2 retransmission mechanism implemented at the PDCP layer, however the reference for such re-transmission, i.e., PDCP status report, is only triggerred in specific scenarios.

File Repair: A repair mechanism implemented at the application layer to repair lost or corrupted file paragraphs. The overhead and delay are more serious than the access layer retransmission mechanism.
Traditional methods to ensure reliability include HARQ, L2 retransmission, application layer file repair, etc.

The methods to ensure the reliability of MBS service

# Agreed

HARQ: RAN 1 supports HARQ feedback for multicast and there seems to be limited impact on RAN2 from configuration point of view.

Split MRB: MRB with PTP leg and PTM leg. According to QoS requirements, select different legs for transmission.
Mode switching: PTM switches to PTP with PLC-AM for better reliability. 
# Discussing

L2 ARQ for PTM: L2 ARQ is a retransmission mechanism implemented at the RLC or PDCP layer. It has been agreed that RLC-AM is not considered for PTM, but whether L2 retransmission is required is still under discussion.

Regarding the reliability guarantee of NR MBS, the agreed methods include HARQ, split MRB and mode switching, and L2 ARQ for PTM is still being discussed.

Next, let’s analyze what solutions we can use if we want to ensure the reliability of the high-reliability but delay-insensitive services mentioned in the previous section.

HARQ: Not always available in some configurations, e.g., NACK only (an option confirmed in RAN1 114bis-e) or HARQ disabled for PTM (still under RAN1 discussion). Meanwhile, reliability will not be sufficient with only HARQ in some cases.
PTP with PLC-AM: If PTP leg is available, UE can directly use PTP to receive MBS data. The problem with this method is that compared with the PTM method, it occupies more wireless resources, and the scalability of the system is poor.

Mode switching: gNB dynamically switches the transmission mode according to the feedback received by the UE, The key to this method is the UE's receiving feedback (i.e., CSI-RS, HARQ feedback, and PDCP status report). It is worth mentioning that CSI-RS only feeds back the channel state, and HARQ feedback is not always available in some configurations.
L2 ARQ by PDCP for PTM: If PTP leg is unavailable, only L2 ARQ by PTM can be considered to improve reliability. The focus of this method is how to trigger PDCP status report.
Considering the scalability of the system, we believe that PTP for RLC-AM is not applicable in some large-capacity scenarios. In addition, if the mode switching only relies on CSI-RS and HARQ, we believe that reliability requirements may not be met in some scenarios. Therefore, in order to better cope with the transmission of high-reliability, delay-insensitive services mentioned in the previous section, We think L2 ARQ by PDCP for PTM needs to be considered. And compared to mode switching, L2 ARQ by PDCP for PTM provides the network a tool set for better resource efficiency in some cases. Applying PDCP re-transmission or mode switching, it depends on final network decision.
L2 ARQ by PDCP for PTM is supported.
In NR, The L2 ARQ by PDCP is realized by sending the PDCP status report and only performed under several certain conditions. For AM DRBs, the following three conditions will be triggered: PDCP entity re-establishment, PDCP data recovery, and uplink data switching. For UM DRBs, it is only triggered when uplink data is switched.  

Considering that the service we are concerned about is not sensitive to delay, and at the same time, in order to reduce the impact on the specification, we recommend to trigger PDCP status report by polling or periodically.

The transmitting of PDCP status report can be triggered by polling or periodically.
 Conclusion
Based on the analysis provided above, we have the following observations:
For unicast, SN and HFN of the state variables in PDCP initialization are synchronized by default.

For sidelink broadcast and groupcast, SN and HFN of the state variables in PDCP initialization are not synchronized.
For sidelink broadcast and groupcast, the synchronization of SN and HFN is not considered during PDCP initialization.
The UE can start receiving data at the beginning or in the middle of the MBS service.
In MRB PDCP initialization, PDCP SN synchronization needs to add RRC signaling, which has an impact on the specification.
In MRB PDCP initialization, The PDCP SN is not synchronized, which has no effect on the existing RRC interaction process in the specification. The selection of the PDCP SN of the state variables can be implemented by the UE.
In NR MBS, PDCP SN synchronization is not necessary.
In MRB PDCP initialization, If gNB only initializes the HFN part of RX_NEXT and RX_DELIV without configuring the SN part, there will be HFN ambiguity.

In MRB PDCP initialization, HFN synchronization needs to add RRC signaling, which has an impact on the specification.
For sidelink broadcast and groupcast, since the RLC entity initialization of the transceiver device is independent, packet loss will be introduced. In order to reduce packet loss, the state variable of the RLC receiving entity is initialized based on the first received UMD PDU containing an SN.
In NR MBS, the UE can receive data at any time, and the RLC initialization of the receiving and sending entities is independent.
Option B1 may cause packet loss, which initialize the state variable of the RLC receiving entity to 0.

Option B2 can reduce packet loss, which initialize the state variable of the RLC receiving entity to the first received UMD PDU containing an SN.
There exist MBS services which requires high reliability but are not sensitive to delay.
Traditional methods to ensure reliability include HARQ, L2 retransmission, application layer file repair, etc.

Regarding the reliability guarantee of NR MBS, the agreed methods include HARQ, split MRB and mode switching, and L2 ARQ for PTM is still being discussed.

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.

In NR MBS, the initial value of the SN part of RX_NEXT is (x +1) modulo (2[PDCP-SN-Size]), where x is the SN of the first received PDCP Data PDU.
In NR MBS, the initial value of the SN part of RX_DELIV is (x – s × 2[sl-PDCP-SN-Size–1]) modulo (2[sl-PDCP-SN-Size]), where x is the SN of the first received PDCP Data PDU, the value of s is FFS.
It is up to UE implementation to select HFN for the state variables. Wait for SA3 progress on AS security.

For MRB PDCP entity initialization, The SN parts of COUNT values of these variables are set according to the SN of the first received packet and the HFN by UE implementation (similar to sidelink broadcast/groupcast).
Initialize the state variable of the RLC receiving entity to the first received UMD PDU containing an SN.
L2 ARQ by PDCP for PTM is supported.
The transmitting of PDCP status report can be triggered by polling or periodically.
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