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1. Introduction
In previous RAN3 meetings, the following agreements related to Flow Control were made:
	Agreements:
· WA: Standard shall enable a one to one mapping between an MRB and a shared F1-U tunnel
· Applicability of current flow control is FFS
· Flow control should be enabled for an MRB established for a broadcast MBS session.


In this contribution, we will further discuss the Flow Control for Multicast and Broadcast.
2. Discussion
[bookmark: _Ref58490984]2.1 Flow control for broadcast session
For current flow control, the Downlink Data Delivery Status (DDDS) is 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 downlink user data flow via the corresponding node for the respective data radio bearer and control the successful delivery of DL control data to the corresponding node. In DDDS, as mentioned in TS 38.425, in case of RLC UM, the corresponding node reports 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. Once the ‘Highest transmitted NR PDCP Sequence Number’ is reported to the node hosting the NR PDCP entity, the corresponding node may remove the respective NR PDCP PDUs after transmitting to lower layers.
In the previous RAN2 & RAN3 meeting, there were agreements: 
· RAN2: only PTM is applied by broadcast service; 
· RAN3: Flow control should be enabled for an MRB established for a broadcast MBS session.
Thus, the broadcast service only supports RLC-UM mode. As common understand, for broadcast service, all of the UEs that are receiving a broadcast service via MRB receives a single copy of each MBS data packet over radio. There is no RLC feedback from UE, the delivery status of all UEs of the MRB shall be same. So we do not see the need for per UE flow control.
In detail, the transmitted status of the packets should be sent to CU for broadcast session. Thus the legacy DDDS frame format as bellow can be reuse for broadcast, as CU only need to obtain the transmitted status via PTM transmission once. After the “Highest transmitted NR PDCP Sequence Number” of the MRB is reported from the DU to the CU, the DU could remove the respective PDCP PDUs. The DDDS of MRB only needs to be sent to the CU via the shared tunnel in the granularity of cell rather than UE.
	Desired buffer size for the data radio bearer
	4

	Desired Data Rate
	0 or 4

	Highest transmitted NR PDCP Sequence Number
	0 or 3


Proposal 1. For a broadcast session, the legacy flow control can be reused for the MRB, in per cell granularity.
2.2 Flow control for multicast session
For multicast service, the MBS data can be delivered to UE via PTM or PTP. RAN 2 agreed that ‘For a given UE, if the MRB’s QoS requirements are not met via PTM, switching to PTP with RLC-AM shall be supported’. In this case, the DU will receive RLC feedback from the UE for PTP transmissions with RLC-AM. So the multicast session often has the higher QoS (reliability, latency) requirement than the broadcast service. Thus, compared to broadcast service, we think it is also needed to support flow control for multicast session. 
Proposal 2. DL flow control should also be applied for multicast session.
In the previous RAN2 meeting, there were agreements that RLC AM is only supported for PTP transmission of NR MBS, RLC UM is supported for PTP/PTM transmission of NR MBS, and RLC TM is not supported for PTP/PTM transmission of NR MBS. Furthermore, MRB of multicast can be configured by CU with PTM leg or PTP leg, or both. Then, we discuss the flow control mechanisms for different type of MRB of multicast separately.
· MRB configured with PTM leg only
For multicast, the RLC-UM mode is allowed for PTM transmission only. Similar to flow control for broadcast mentioned above, CU only need to obtain the transmitted status of “MRB configured with PTM leg only”. Thus the legacy DDDS frame format can be reuse for “MRB configured with PTM leg only”. After the “Highest transmitted NR PDCP Sequence Number” of the MRB is reported from the DU to the CU, the DU could remove the respective PDCP PDUs. 
Proposal 3. For a multicast MRB configured with PTM leg only, the legacy flow control can be reused for the MRB, in per cell granularity.
· MRB configured with PTP leg only
Similar to flow control for DRB of unicast, the flow control for PTP-MRB can be UE specific. Different UE can feedback UE specific DDDS to CU for flow control. Thus, the legacy flow control can be reused for a multicast MRB with PTP leg only, in per UE granularity.
Proposal 4. For a multicast MRB configured with PTP leg only, the legacy flow control can be reused for the MRB, in per UE granularity.
· Split MRB with a common PDCP
In the previous RAN3 meeting, there were agreement that the decision of using PTP (RLC leg) or PTM (RLC leg) is made by the gNB-DU for the RAN2 agreed split MRB bearer with a common PDCP. So we can infer that the shared F1 tunnel can be used for both PTM transmission and PTP transmission for this kind of MRB, therefore the PTM and PTP transmission share the same MBS date buffered in the CU. So the per UE DDDS is not necessary as CU may remove the buffered NR PDCP PDUs until received DDDSs for all UEs. For multicast service, as the PTP/PTM transmissions for different UEs might be different, per UE DDDS will increase the complexity significantly. And another reason is that the DU decides to use the PTP/PTM transmission for each PDCP PDUs, the CU does not know which transmission method was used for each packet. If per UE DDDS is reported to the CU, the CU might be confused about whether the respective PDCP PDUs was transmitted or delivered to all UEs belongs to the corresponding MBS session. So for a multicast session, flow control should be per MRB per cell level, i.e., DU sends a converged DDDS to the CU for an MRB, in per cell granularity. 
Proposal 5. For a split MRB with a common PDCP, the flow control should be supported in per MRB per cell granularity.
For details, the DU needs to send a converged DDDS via the shared F1-U tunnel taking the delivery status of both PTM leg and PTP leg into count. Considering that the PTP leg could be either RLC UM or RLC AM,  we would like to discuss the details of frame format for two cases:
Case 1: For split MRB configured with PTM-UM leg and PTP-UM leg
For this case, it should be clarified that the “Highest transmitted NR PDCP Sequence Number” should be used to indicate the data transmission status via the PTM-UM leg and the PTP-UM legs to all UEs belongs to the MBS session, and the data packets taken into account should be the ones which have already been transmitted via the PTM leg and all the PTP-UM legs to all UEs.
Proposal 6. For a split MRB with PTM-UM leg and PTP-UM leg, the existing field designed for RLC UM mode in DDDS can be reused with some clarifications.
Case 2: For split MRB configured with PTM-UM leg and PTP-AM leg
For this case, to report both the transmitted status of the PTM-UM leg and the successfully delivered status of the PTP-AM leg(s), there are two possible way:
· Solution 1: Reuse the existing fields in DDDS
As the CU is not aware of which packets are transmitted via PTP or PTM, it is impossible to reuse both the existing fields designed for RLC-UM and the fields designed for RLC-AM to support this case2. Therefore, in this solution, we either reuse the existing fields designed for RLC-UM, or reuse the existing fields designed for RLC-AM. 
Considering of the PTP-AM leg, it is preferred to reuse the fields designed for RLC-AM to support the DDDS in case 2. And for the existing fields reused for this kind of MRB, it is needed to clarify that it indicates the status for both the PTM-UM leg and PTP-AM leg(s) to all UEs belongs to the MBS session.
· Solution 2: Add new field in DDDS
In this solution, it is needed to add a new field to indicate the transmitted/delivered status for all UEs, such as “Highest transmitted or successful delivery NR PDCP Sequence Number”, and it is needed to clarify that it indicates the status for both the PTM-UM leg and PTP-AM leg(s) to all UEs belongs to the MBS session.
Considering the simplicity of the frame format, we prefer to reuse the existing fields designed for RLC AM mode, i.e. “Highest successfully delivered NR PDCP Sequence Number”, with some clarifications.
Proposal 7. For a split MRB with PTM-UM leg and PTP-AM leg, the existing fields designed for RLC AM mode in DDDS can be reused with some clarifications.
[bookmark: _Toc423019950][bookmark: _Toc423020279][bookmark: _Toc423020296]3. Conclusion and Proposals
In this contribution, we discussed how to support flow control for MRBs, including both broadcast and multicast services, get the following proposals:
Proposal 1. For a broadcast session, the legacy flow control can be reused for the MRB, in per cell granularity.
Proposal 2. DL flow control should also be applied for multicast session.
Proposal 3. For a multicast MRB configured with PTM leg only, the legacy flow control can be reused for the MRB, in per cell granularity.
Proposal 4. For a multicast MRB configured with PTP leg only, the legacy flow control can be reused for the MRB, in per UE granularity.
Proposal 5. For a split MRB with a common PDCP, the flow control should be supported in per MRB per cell granularity.
Proposal 6. For a split MRB with PTM-UM leg and PTP-UM leg, the existing field designed for RLC UM mode in DDDS can be reused with some clarifications.
Proposal 7. For a split MRB with PTM-UM leg and PTP-AM leg, the existing fields designed for RLC AM mode in DDDS can be reused with some clarifications.
The corresponding TP is provided in section 5.
4. Reference
[bookmark: _Toc20955563][bookmark: _Toc29460998][bookmark: _Toc29505730][bookmark: _Toc36556255][bookmark: _Toc45881713]5. Text proposal to TS 38.425
--------------------------------Start of the Change-----------------------------
[bookmark: _Toc13919446][bookmark: _Toc36556032][bookmark: _Toc45832974][bookmark: _Toc64447453]3.2	Abbreviations
For the purposes of the present document, the abbreviations given in 3GPP TR 21.905 [1] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in 3GPP TR 21.905 [1].
EN-DC	E-UTRA-NR Dual Connectivity
IAB	Integrated Access and Backhaul
MBS	Multicast Broadcast Service
MR-DC	Multi-RAT Dual Connectivity
MRB	MBS Radio Bearer
--------------------------------Start of the next Change-----------------------------
[bookmark: _Toc13919447][bookmark: _Toc36556033][bookmark: _Toc45832975][bookmark: _Toc64447454]4	General
4.1	General aspects
The NR user plane protocol is located in the User Plane of the Radio Network layer over either the Xn or the X2 or the F1 interface.
The NR user plane protocol is used to convey control information related to the user data flow management of data radio bearers.
Each NR user plane protocol instance is associated to one data radio bearer only. There is one NR user plane instance per GTP tunnel. When a GTP tunnel is set up, a new NR user plane instance is set up.
If configured, NR user plane protocol instances exist at the Master node and the Secondary node in the context of DC or at nodes hosting F1-U protocol terminations. The NR user plane protocol supports direct communication between NR user plane protocol entities, regardless of whether they terminate the same or different user plane interfaces.
NOTE:	User data radio bearers may be setup for data forwarding purposes during Xn HO or during DC related mobility without requiring the execution of any additional data radio bearer related user plane protocol functions related to an NR user plane protocol instance.
On each data radio bearer, the NR user plane protocol operates with RLC AM or RLC UM.
In this version of the present document, NR user plane protocol data is conveyed by GTP-U protocol means, more specifically, by means of the "NR RAN Container" GTP-U extension header as defined in TS 29.281 [2].
All aspects specified for a DRB in the present document are applicable for an MRB, unless otherwise stated.
--------------------------------Start of the next Change-----------------------------
[bookmark: _Toc13919451][bookmark: _Toc36556037][bookmark: _Toc45832979][bookmark: _Toc64447458]5.2	NR user plane protocol layer services
The following functions are provided by the NR user plane protocol:
-	Provision of NR user plane specific sequence number information for user data transferred from the node hosting NR PDCP to the corresponding node for a specific data radio bearer.
-	Information of successful in sequence delivery of NR PDCP PDUs to the UE from the corresponding node for user data associated with a specific data radio bearer.
-	Information of NR PDCP PDUs that were not delivered to the UE or not transmitted to the lower layers.
-	Information of NR PDCP PDUs transmitted to the lower layers for user data associated with a specific data radio bearer.
-	Information of downlink NR PDCP PDUs to be discarded for user data associated with a specific data radio bearer; 
-	Information of the currently desired buffer size at the corresponding node for transmitting to the UE user data associated with a specific data radio bearer.
-	Information of the currently desired data rate in bytes at the corresponding node for transmitting to the UE user data associated with a specific data radio bearer;
-	Information of successful in sequence delivery of NR PDCP PDUs to the UE from the corresponding node for retransmission user data associate with a specific data radio bearer;
-	Information of NR PDCP PDUs transmitted to the lower layers for retransmission user data associated with a specific data radio bearer.
-	Information of the specific events at the corresponding node.
-	Information on Radio Link Quality from the corresponding node for user data associated with a specific data radio bearer.
-	Information for QoS monitoring from the corresponding node for user data associated with a specific data radio bearer.
--------------------------------Start of the next Change-----------------------------
5.4.2	Downlink Data Delivery Status
[bookmark: _Toc13919458][bookmark: _Toc36556044][bookmark: _Toc45832986][bookmark: _Toc64447465]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;
	in case of split MRB configured with RLC AM PTP leg and RLC UM PTM leg, the highest NR PDCP PDU sequence number successfully delivered in sequence to all the involved UE among those NR PDCP PDUs received from the node hosting the NR PDCP entity i.e. excludes those retransmission NR PDCP PDUs, and in this case the NR PDCP PDUs transmitted via RLC UM PTM leg are also reported as successfully delivered to all the involved UEs;
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.
e)	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.
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.
The DL DATA DELIVERY STATUS frame shall also include a final frame indication when this frame is the last DL status report. When receiving such indication, the node hosting the NR PDCP entity considers that no more UL or DL data is expected to be transmitted between the corresponding node and the UE.
The DL DATA DELIVERY STATUS frame may also include an indication of detected radio link outage or radio link resume for the concerned data radio bearer. When receiving an indication of radio link outage detection, the node hosting the NR PDCP entity considers that traffic delivery over the data radio bearer configured for the UE is unavailable at the corresponding node both in UL and DL. When receiving an indication of radio link resume detection, the node hosting the NR PDCP entity considers that traffic delivery over the data radio bearer configured for the UE is available at the corresponding node both in UL and in DL. When receiving an indication of UL or DL radio link outage detection, the node hosting the NR PDCP entity considers that traffic delivery over the data radio bearer configured for the UE is unavailable at the corresponding node for UL or DL, depending on the indicated outage. When receiving an indication of UL or DL radio link resume detection, the node hosting the NR PDCP entity considers that traffic delivery over the data radio bearer configured for the UE is available at the corresponding node in UL or in DL, depending on the indicated resume.
The node hosting the NR PDCP entity, when receiving the DL DATA DELIVERY STATUS frame:
-	regards the desired buffer size under b) and the data rate under c) above as the amount of data to be sent from the hosting node:
-	If the value of the desired buffer size is 0, the hosting node shall stop sending any data per bearer.
-	If the value of the desired buffer size in b) above is greater than 0, the hosting node may send up to this amount of data per bearer starting from the last "Highest successfully delivered NR PDCP Sequence Number" for RLC AM if received, or the hosting node may send up to this amount of data per bearer starting from the last "Highest transmitted NR PDCP Sequence Number" for RLC UM if received.
-	The value of the desired data rate in c) above is the amount of data desired to be received in a specific amount of time. The amount of time is 1 sec.
-	The information of the buffer size in b) above and of the data rate in c) above is valid until the next DL DATA DELIVERY STATUS frame is received.
-	is allowed to remove the buffered NR PDCP PDUs of a RLC AM bearer, or the buffered NR PDCP PDUs of a split MRB configured with RLC AM PTP leg and RLC UM PTM leg, according to the feedback of successfully delivered NR PDCP PDUs;
-	decides upon the actions necessary to take for NR PDCP PDUs reported other than transmitted and/or successfully delivered.
In case of RLC AM, after the highest NR PDCP PDU sequence number successfully delivered in sequence is reported to the node hosting the NR PDCP entity, the corresponding node removes the respective NR PDCP PDUs. For RLC UM, the corresponding node may remove the respective NR PDCP PDUs after transmitting to lower layers.



Figure 5.4.2.1-1: Successful Downlink Data Delivery Status
--------------------------------Start of the next Change-----------------------------
[bookmark: _Toc13919466][bookmark: _Toc36556052][bookmark: _Toc45832994][bookmark: _Toc64447473]5.5.2.2	DL DATA DELIVERY STATUS (PDU Type 1)
This frame format is defined to transfer feedback to allow the receiving node (i.e. the node that hosts the NR PDCP entity) to control the downlink user data flow via the sending node (i.e. the corresponding node).
The following shows the respective DL DATA DELIVERY STATUS frame. The Figure shows an example of how a frame is structured when all optional IEs (i.e. those whose presence is indicated by an associated flag) are present.
Absence of such an IE changes the position of all subsequent IEs on octet level.
	Bits
	Number of Octets

	7
	6
	5
	4
	3
	2
	1
	0
	

	PDU Type (=1)
	Highest Transmitted NR PDCP SN Ind 
	Highest Delivered NR PDCP SN Ind
	Final Frame Ind.
	Lost Packet Report
	1

	Spare
	Delivered NR PDCP SN Range Ind
	Data rate Ind.
	Retransmitted NR PDCP SN Ind
	Delivered Retransmitted NR PDCP SN Ind
	Cause Report
	1

	Desired buffer size for the data radio bearer
	4

	Desired Data Rate
	0 or 4

	Number of lost NR-U Sequence Number ranges reported
	0 or 1

	Start of lost NR-U Sequence Number range
	0 or (6* Number of reported lost NR-U SN ranges)

	End of lost NR-U Sequence Number range
	

	Highest successfully delivered NR PDCP Sequence Number
	0 or 3

	Highest transmitted NR PDCP Sequence Number
	0 or 3

	Cause Value
	0 or 1

	Successfully delivered retransmitted NR PDCP Sequence Number
	0 or 3

	Retransmitted NR PDCP Sequence Number
	0 or 3

	Number of successfully delivered out of sequence PDCP Sequence Number range
	0 or 1

	Start of successfully delivered out of sequence PDCP Sequence Number range
	0 or (6* Number of successfully delivered out of sequence PDCP Sequence Number range)

	End of successfully delivered out of sequence PDCP Sequence Number range
	

	Padding
	0-3



Figure 5.5.2.2-1: DL DATA DELIVERY STATUS (PDU Type 1) Format
--------------------------------Start of the Change-----------------------------
[bookmark: _Toc13919486][bookmark: _Toc36556072][bookmark: _Toc45833014][bookmark: _Toc64447493]5.5.3.18	Highest Delivered NR PDCP SN Ind
Description: This parameter indicates the presence of Highest successfully delivered PDCP Sequence Number.
Value range: {0= Highest successfully delivered PDCP Sequence Number not present, 1= Highest successfully delivered PDCP Sequence Number present}.
Field length: 1 bit.
5.5.3.19	Highest successfully delivered NR PDCP Sequence Number
Description: This parameter indicates feedback about the in-sequence delivery status of NR PDCP PDUs at the corresponding node towards the UE. For a split MRB configured with RLC AM PTP leg and RLC UM PTM leg, this parameter indicates the feedback about the delivered status of NR PDCP PDU sequence at the corresponding node to all the UEs belongs to the MBS session via PTP leg and PTM leg.
Value range: {0..218-1}.
Field length: 3 octets.
[bookmark: _Toc13919488][bookmark: _Toc36556074][bookmark: _Toc45833016][bookmark: _Toc64447495]5.5.3.20	Highest Transmitted NR PDCP SN Ind
Description: This parameter indicates the presence of the Highest transmitted NR PDCP Sequence Number.
Value range: {0= Highest transmitted NR PDCP Sequence Number not present, 1= Highest transmitted NR PDCP Sequence Number present}.
Field length: 1 bit.
5.5.3.21	Highest transmitted NR PDCP Sequence Number
Description: This parameter indicates the feedback about the transmitted status of NR PDCP PDU sequence at the corresponding node to the lower layers, for a data radio bearer, or a MRB configured with PTM leg only, or a split MRB configured with RLC UM PTP leg and RLC UM PTM leg.
Value range: {0..218-1}.
Field length: 3 octets.
--------------------------------End of the Changes-----------------------------
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