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Discussion and decision
1 Introduction

During the RAN3#114e there were some discussions about the flow control for broadcast and multicast. The agreements are listed in below. 
If F1-U flow control is applied for NR MBS

-
Reuse existing PDU Type 0 and Type 1 to support flow control for multicast and broadcast

-
No additional protocol elements required to be specified in TS 38.425 for support of BC MBS NR

-
Discussions on additional procedure text are necessary for the DDDS procedure to clarify how to specify how the receiving node shall interpret the contained information in case DDDS is applied on an MRB.
2 Discussion
For broadcast, the MRB is configured with DL RLC-UM for PTM transmission. Flow control for the broadcast MRB with only one RLC entity is same as the flow control used for unicast bearer. No additional clarification is needed.
For multicast, gNB can provide the following one or more MRB configuration(s) to the UE via dedicated RRC signalling:

· MRB with  DL only RLC-UM configuration for PTP transmission;
· MRB with RLC-AM entity configuration for PTP transmission;
· MRB with DL only RLC-UM entity for PTM transmission;
· MRB with two RLC-UM entities, one RLC-UM entity for PTP transmission and the other DL only RLC-UM entity for PTM transmission as described in section 16.x.5.4;
· MRB with two RLC entities, one RLC-AM entity for PTP transmission and the other DL only RLC-UM entity for PTM transmission as described in section 16.x.5.4.
For the MRB with one RLC entity, flow control is same as it is used for unicast bearer. 
For the MRB with two RLC entities, two RLC entities are connected to a shared F1 tunnle. Upon received MBS multicast data from the shared tunnel, DU decides which RLC entity is used to transmit data. So in different time, the reported information in flow control is for different RLC entities. What information is included in the flow control reporting is related to the PTP/PTM swtich decision and RLC mode. The different scenarios are analysised in below and the scenarios are also summarized in the below Table 1.
·   Case1: If in one DDDS reporting period, there is only PTM transmission and no PTP/PTM swtich. It is same as the exsting flow control. PTM tramission is only carried in RLC-UM. In this case the DU include the highest successfully transmitted PDCP SN for PTM transmission in DDDS “Highest transmitted NR PDCP Sequence Number” IE. 
·   Case 2 & case3: If in one DDDS reporting period, there is only PTP transmission and no PTP/PTM swtich. There are multiple PTP transmission. If RLC-AM is configured for PTP transmission, the DU includes highest in-sequence deliveried for every PTP transmission in DDDS. If RLC-UM is configured for PTP transmission, the DU includes highest in-sequence transmitted PDCP SN for every PTPtransmission in DDDS.
·   Case 4 & case 5: If in one DDDS reporting period, there is PTP/PTM swtich. PTM transmission is only carried in RLC-UM. If RLC-UM is configured for PTP (case 4), the DU includes highest in-sequence transmitted PDCP SN for PTP and PTM transmission in DDDS. If RLC-AM is configured for PTP, as case 5 showed in the below table. There are two possibilities to set the value for IE1. The first possibility is the DU to report PTM transmission status in IE1, another possibility is DU to report both PTM and PTP transmission in IE1. This is the difference from flow control used for unicast. 
Table 1:  how to configure DDDS in different MRB configuration with two RLCs
	Transmission status in DU for MRB with two RLC legs
	DDDS Infomration

	
	Whether to include IE1 in DDS?
IE 1= Highest transmitted NR PDCP Sequence Number

(this IE is  used for RLC-UM and RLC-AM for unicast)
	Whether to include IE 2 in DDDS?
IE 2= Highest successfully delivered NR PDCP Sequence Number 
(This IE is used for RLC-AM for unicast)

	Case1：
Only PTM (RLC-UM)
	YES

IE1 = highest NR PDCP PDU sequence number transmitted to the lower layers for PTM transmission
	Not applicable

	Case2：
Only PTP (RLC-UM)
	YES

IE1= highest NR PDCP PDU sequence number transmitted to the lower layers for evey PTP transmission
	Not applicable

	Case3：
Only PTP (RLC-AM)
	Not applicable 
	YES

IE2= highest NR PDCP PDU sequence number deliveried to UEs for evey PTP transmission

	Case4：
PTP (RLC-UM) and PTM (RLC-UM)
	YES

IE1=highest NR PDCP PDU sequence number transmitted to the lower layers for evey PTP transmission and PTM transmission
	Not applicable

	Case5:

PTP (RLC-AM) and PTM  (RLC-UM)
	YES?
IE1= highest NR PDCP PDU sequence number transmitted to the lower layers for PTM transmission 
	YES?
IE2= highest NR PDCP PDU sequence number deliveried to UEs for evey PTP transmission

	
	YES?
IE1= maximum number for highest NR PDCP PDU sequence number transmitted to the lower layers for PTM transmission and highest PDCP SN deliveried to UE for every PTP transmission.
	YES?
IE2= highest NR PDCP PDU sequence number deliveried to UEs for evey PTP transmission 
Or Not applicable


For the case 5, the flow control is applied to the MRB with two active legs. For normal unicast bearer with RLC-AM, both IE1 and IE2 are included in the DDDS. For the MRB with two active legs, how to set IE1 and IE2 is different with the normal unicast. There are two possibilities

1) “IE 1” is used for RLC-UM leg. It is set to highest NR PDCP PDU sequence number transmitted to the lower layers for PTM transmission. “IE2” is used for RLC-AM. It is set to highest NR PDCP PDU sequence number deliveried to UEs for evey PTP transmission
2) The CU can treat the PTP/PTM status together. ‘IE 1’ can be set to reflect the transmission status for PTM transmission and every PTP transmission. i.e. it is set to the maximum number for highest NR PDCP PDU sequence number transmitted to the lower layers for PTM transmission and highest PDCP SN deliveried to UE for every PTP transmission. IE 2 is used for RLC-AM.

The objective for flow control is to ensure there is no overflow in F1 or in the DU. In Alt-2, the CU treats the PTP/PTM status together and knows the whole situation from “IE1”. i.e. both PTP&PTM information are included in the IE1, it is possible that IE 2 is not to be included. 
Considering the difference, it is beneifical to have some clarification in the TS 38.425. The corresponding changes are included in section 3. 
Proposal 1
The maximum PDCP SN among the highest successfully delivered PDCP SN for PTP transmission and highest transmitted PDCP SN for PTM transmission is reported in DDDS. It is reported in “Highest transmitted NR PDCP Sequence Number” IE. The corresponding change is showed in below section.
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Change Start
5.4.2
Downlink Data Delivery Status

5.4.2.1
Successful operation

The purpose of the Downlink Data Delivery Status procedure is to provide feedback from the corresponding node to the node hosting the NR PDCP entity to allow the node hosting the NR PDCP entity to control the downlink user data flow via the corresponding node for the respective data radio bearer. The corresponding node may also transfer uplink user data for the concerned data radio bearer to the node hosting the NR PDCP entity together with a DL DATA DELIVERY STATUS frame within the same GTP-U PDU.

The Downlink Data Delivery Status procedure is also used to provide feedback from the corresponding node to the node hosting the NR PDCP entity to allow the node hosting the NR PDCP entity to control the successful delivery of DL control data to the corresponding node.

When the corresponding node decides to trigger the feedback for Downlink Data Delivery procedure it shall report as specified in section 5.2:

a)
in case of RLC AM, the highest NR PDCP PDU sequence number successfully delivered in sequence to the UE among those NR PDCP PDUs received from the node hosting the NR PDCP entity i.e. excludes those retransmission NR PDCP PDUs;

b)
the desired buffer size in bytes for the concerned data radio bearer;

c)
optionally, the desired data rate in bytes associated with a specific data radio bearer configured for the UE;

d)
the NR-U packets that were declared as being "lost" by the corresponding node and have not yet been reported to the node hosting the NR PDCP entity within the DL DATA DELIVERY STATUS frame;

e)
if retransmission NR PDCP PDUs have been delivered, the NR PDCP PDU sequence number associated with the highest NR-U sequence number among the retransmission NR PDCP PDUs successfully delivered to the UE in sequence of NR-U sequence number;

f)
if retransmission NR PDCP PDUs have been transmitted to the lower layers, the NR PDCP PDU sequence number associated with the highest NR-U sequence number among the retransmission NR PDCP PDUs transmitted to the lower layers in sequence of NR-U sequence number;

g)
the highest NR PDCP PDU sequence number transmitted to the lower layers among those NR PDCP PDUs received from the node hosting the NR PDCP entity i.e. excludes those retransmission NR PDCP PDUs;
NOTE:
If a deployment has decided not to use the Transfer of Downlink User Data procedure, d), e) and f)  above are not applicable.
h)
in case of RLC AM, the NR PDCP PDU sequence number successfully delivered out of sequence to the UE among those NR PDCP PDUs received from the node hosting the NR PDCP entity i.e. excludes those retransmission NR PDCP PDUs.
i)
In case of MRB with two RLC-UM entities, one RLC-UM entity for PTP transmission and the other DL only RLC-UM entity for PTM transmission, the highest NR PDCP PDU sequence number transmitted to the lower layers for PTP and  PTM transmission among those NR PDCP PDUs received from the node hosting the NR PDCP entity. 
j)  MRB with two RLC entities, one RLC-AM entity for PTP transmission and the other DL only RLC-UM entity for PTM transmission, the highest NR PDCP PDU sequence number transmitted to the lower layers for PTM transmission and PTP transmission among those NR PDCP PDUs received from the node hosting the NR PDCP entity.
As soon as the corresponding node detects the successful RACH access by the UE for the corresponding data radio bearer(s), the corresponding node shall send initial DL DATA DELIVERY STATUS frame to the node(s) hosting the NR PDCP entity(ies). The node hosting NR PDCP entity may start sending DL data before receiving the initial DL DATA DELIVERY STATUS frame. In case the DL DATA DELIVERY STATUS frame is sent before any NR PDCP PDU is transferred to lower layers, the information on the highest NR PDCP PDU sequence number successfully delivered in sequence to the UE and the highest NR PDCP PDU sequence number transmitted to the lower layers may not be provided.
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