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Introduction

In RAN2#111-e meeting, we have discussed possible ways to improve reliability of PTM (and PTP) MBS bearer, and we have a summary as follows.

	R2 expect that there may be HARQ with feedback (for PTM) and this is specified by R1. 


In RAN2#112-e meeting, we have the following agreements related to reliability [1].

	RLC AM is supported for PTP transmission of NR MBS.

RLC UM is supported for PTP transmission of NR MBS.

RLC UM is supported for PTM transmission of NR MBS.

RLC TM is not supported for PTP transmission of NR MBS.

RLC TM is not supported for PTM transmission of NR MBS.

Working assumption: RLC-AM for PTM is not supported (can be revisited but it means that proponents of RLC-AM for PTM need to demonstrate the need, to change this). 


In this contribution, we will discuss the the specification impacts caused by supporting PDCP status reporting, PDCP retransmission, and HARQ for NR MBS in case of mobility or other cases.

Discussion

In this section, we will introduce how PDCP status reporting and retransmission is supported in legacy specification and discuss the design considerations for the NR MBS support. 

Legacy PDCP status reporting and retransmission mechanism
According to TS 38.322, the UE sends a PDCP status report of a RB to the gNB when the following two conditions are met:

The PDCP entity of the RB is configured to be able to send a PDCP status report in the uplink (statusReportRequired in TS 38.331).
A trigger event occurs for triggering the UE to send a PDCP status report, such as PDCP entity re-establishment and PDCP data recovery for AM DRB. For UM DRB, PDCP status report could only be triggered in DAPS scenario. The details in TS 38.323 is as follows.
	For AM DRBs configured by upper layers to send a PDCP status report in the uplink (statusReportRequired in TS 38.331 [3]), the receiving PDCP entity shall trigger a PDCP status report when:

-
upper layer requests a PDCP entity re-establishment;

-
upper layer requests a PDCP data recovery;

-
upper layer requests a uplink data switching;

-
upper layer reconfigures the PDCP entity to release DAPS and daps-SourceRelease is configured in TS 38.331 [3].

For UM DRBs configured by upper layers to send a PDCP status report in the uplink (statusReportRequired in TS 38.331 [3]), the receiving PDCP entity shall trigger a PDCP status report when:

-
upper layer requests a uplink data switching.


Then, the gNB can decide retransmisssion of PDCP PDUs based on the received PDCP status report.

For AM DRB, PDCP status report may be triggered in case of PDCP entity re-establishment and PDCP data recovery. For UM DRB, PDCP status report could only be triggered in DAPS scenario.

Supporting PDCP status reporting for MRB with different RLC modes
For MBS, PDCP status reporting function needs to be supported in PDCP entity of MRB at least in mobility case, as the following agreement achieved in RAN2#112-e meeting. 
	From UE side, PDCP status report may be supported as well. 


According to the summary of email discussion [2], “PDCP acts as the anchor for PTP and PTM dynamic switch, i.e. the splitting and converging of MBS traffic transmitted via PTP and PTM is done at PDCP". In other words, the MBS bearer may be associated with one PTM RLC path and/or one PTP RLC path. However, there is still no agreements on this. Then, we suggest RAN2 to agree that a PDCP entity of MBS bearer can be associated to a PTM RLC path and/or one PTP RLC path.
RAN2 is suggested to agree that a PDCP entity of MBS bearer can be associated to a PTM RLC path and/or one PTP RLC path.
Since RLC AM and RLC UM are supported for PTP transmission of NR MBS, and there is an working assumption that only RLC UM is supported for PTM transmission of NR MBS, the MBS bearer configuration may have the following cases as shown in Table 1. 

Table 1 Cases for MBS bearer configuration
	Cases for MBS bearer configuration
	RLC mode
	Whether PDCP status reporting is available in this case (DAPS is not taken into consideration).

	Case 1
	PTM RLC (UM)
	No

	Case 2
	PTM RLC (UM), PTP RLC (UM)
	No 

	Case 3
	PTM RLC (UM), PTP RLC (AM)
	Yes

	Case 4
	PTP RLC (UM)
	No

	Case 5
	PTP RLC (AM)
	Yes


One MBS bearer may be configured with one PTM RLC path and one PTP RLC path, which means that MBS bearers have various combinations of RLC modes. 

It is suggested to identify which MBS bearers of different RLC mode combinations to support PDCP status reporting.

Suppose DAPS is not considered, case 4 and 5 are used for normal PTP transmission and case 5 can support the PDCP status report via legacy mechanism. For Case 1, PDCP status reporting is not possible since PDCP status report needs to be transmitted from the UE to the gNB via a PTP RLC path. For case 2, PDCP status reporting may not be needed since both PTM RLC path and PTP RLC path is in UM mode, which means that the MBS service has a lower reliability requirement. As for case 3, there are two different RLC modes configured for one MBS bearer. Since PTP RLC path is AM based, it seems possible to support PDCP status report.

It is suggested to support the PDCP status reporting for the MBS bearer whose RLC mode is one of the following two cases: “AM RLC for PTP transmission”, or “AM RLC for PTP transmission coexisting with UM RLC for PTM transmission”. 

Enhancing PDCP status reporting for MRB to improve reliability
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Figure 1. Re-transmission at PDCP layer
When a MBS bearer has both PTP RLC path and PTM RLC path, a new re-transmission mechanism can be introduced for MBS service with reliability requirement. As shown in Figure 1, at the gNB, the PDCP entity is associated with one PTM RLC path for transmitting MBS data to a group of UEs, and one PTP RLC path for each group member in order to transmit MBS data between that group member and the gNB. When the PDCP PDU is initially transmitted (i.e., the PDCP PDU is delivered to lower layers for the first time), the PDCP entity delivers the PDCP PDU to the associated PTM RLC path, as shown in Figure 1(1). Then, the gNB can know the status of received PDCP SN at each UE by receiving the PDCP status report from each UE via the PTP RLC path, as shown in Figure 1(2). The gNB will decide to re-transmit the PDCP PDU via the PTP path to a specific group member as shown in Figure 1(3) or via the PTM path to all group members as shown in Figure 1-(4), according to the number of UEs reporting negative acknowledge.

The PTM RLC path can be used for PDCP initial transmission to a group of UEs and the PTP RLC path can be used for PDCP re-transmission to a specific UE.

According to legacy mechanism without DAPS, a PDCP status report is triggered only in case of PDCP re-establishment or PDCP data recovery, which needs be indicated by a RRC signaling. It means that one PDCP status report is triggered by one RRC signaling. In order to enable the gNB to continuously and timely obtain PDCP status report from each UE, the trigger of PDCP status reporting needs to be enhanced. 

PDCP status reporting cannot be triggered due to PDCP PDU is not received on time, then the gNB is not able to continuously and timely obtain PDCP status report from each UE.

It is suggested to enhance the PDCP status reporting mechanism for NR MBS, aiming at enabling the gNB to continuously and timely obtain PDCP status report from each UE. For example, PDCP status reporting can be triggered periodically, or by a poll from gNB.
HARQ processes ID for MBS
RAN1 has agreed that HARQ is supported for NR MBS, and is discussing different HARQ feedback mechanisms for improving reliability. No matter which HARQ feedback mechanism is selected by RAN1, RAN2 needs to decide the HARQ process ID for MBS.
	The MAC entity includes a HARQ entity for each Serving Cell, which maintains a number of parallel HARQ processes. Each HARQ process is associated with a HARQ process identifier. The HARQ entity directs HARQ information and associated TBs received on the DL-SCH to the corresponding HARQ processes (see clause 5.3.2.2).


As described in TS 38.321 [3], there are two kinds of HARQ processes in NR: one is the dedicated broadcast HARQ process, others are normal HARQ processes used for unicast. For DL-SCH data transfer, the HARQ process ID for each TB is included in the HARQ information and provided to the UE in DCI. 
As for MBS data transfer, RAN2 needs to make decisions on which HARQ processes are used for MBS. To enable the UE know accurately which HARQ process is used for a TB for MBS, there may be the following options for identifying the HARQ process:

Option 1: HARQ process ID for unicast can be any one selected from 1~ N+M (in set 1). HARQ process ID for MBS can also be any one selected from 1~N+M (in set 1).
Option 2: HARQ process ID for unicast is selected from 1~ N (in set 1). HARQ process ID for all MBS sessions is selected from 1~M in set 2, and different HARQ processes for different  MBS sessions need to have different ID values at a same time. Note that identifying a HARQ process for MBS needs an explicit name of set 2 (i.e. the set of HARQ processes for MBS) with a HARQ process ID value. The explicit name of set 2 is used for distinguishing unicast and MBS.
Option 3: HARQ process ID for unicast is selected from 1~ N (in set 1). HARQ process ID for every MBS session can be selected from 1~M (set 2 is maintained per MBS session). Different HARQ processes for different sessions can have same ID value simultaneously. Note that identifying a HARQ process for MBS needs an explicit name of a MBS session (i.e. the set of HARQ processes for MBS) with a HARQ process ID value. The explicit name of set 2 is used for distinguishing different MBS sessions. 
Option 4: HARQ process ID for unicast is selected from 1~ N in set 1. HARQ process ID for MBS is selected from N+1~N+M. The set of HARQ processes for MBS, i.e., set 2, do not need a dedicated name. Note that the specified ID values are used for distinguishing unicast and MBS. 
	Options
	Sketch figure

	Option 1
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Note that the explicit name is used for distinguishing unicast and MBS. 

	Option 3
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Note that the explicit name is used for distinguishing different MBS sessions. 

	Option 4
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Note that the specified ID values are used for distinguishing unicast and MBS. 


RAN2 is suggested to discuss the above options for identifying the HARQ process for MBS and down-select one of them. 

If Option 2, 3 or 4 is selected, we may need further consider whether the HARQ processes from set 1 and set 2, i.e., the HARQ processes for unicast and MBS, are maintained by one HARQ entity or two HARQ entities.

RAN2 is suggested to discuss whether the HARQ processes for MBS and unicast are maintained by one HARQ entity or two HARQ entities, if Option 2, 3, or 4 is selected. 

Conclusion

In this contribution, we discussed the issues on reliability, such as PDCP status reporting and retransmission, and HARQ process for MBS. And we have the following observations and proposals:

For AM DRB, PDCP status report may be triggered in case of PDCP entity re-establishment and PDCP data recovery. For UM DRB, PDCP status report could only be triggered in DAPS scenario.

RAN2 is suggested to agree that a PDCP entity of MBS bearer can be associated to a PTM RLC path and/or one PTP RLC path.
Observation 2: One MBS bearer may be configured with one PTM RLC path and one PTP RLC path, which means that MBS bearers have various combinations of RLC modes. 

It is suggested to identify which MBS bearers of different RLC mode combinations to support PDCP status reporting.

It is suggested to support the PDCP status reporting for the MBS bearer whose RLC mode is one of the following two cases: “AM RLC for PTP transmission”, or “AM RLC for PTP transmission coexisting with UM RLC for PTM transmission”. 

The PTM RLC path can be used for PDCP initial transmission to a group of UEs and the PTP RLC path can be used for PDCP re-transmission to a specific UE.

PDCP status reporting cannot be triggered due to PDCP PDU is not received on time, then the gNB is not able to continuously and timely obtain PDCP status report from each UE.

It is suggested to enhance the PDCP status reporting mechanism for NR MBS, aiming at enabling the gNB to continuously and timely obtain PDCP status report from each UE. For example, PDCP status reporting can be triggered periodically, or by a poll from gNB.
RAN2 is suggested to discuss the above options for identifying the HARQ process for MBS and down-select one of them. 

RAN2 is suggested to discuss whether the HARQ processes for MBS and unicast are maintained by one HARQ entity or two HARQ entities, if Option 2, 3, or 4 is selected. 
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