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1 Introduction
In last RAN3 meeting, the F1-U DDDS has been agreed as the baseline for the E2E flow control in Rel-16. In this contribution, we will try to address potential enhancements to the existing DDDS scheme in IAB. 
2 Discussions
2.1 DDDS enhancement

Based on companies’ proposals, the receiving status can include the following possible information: 1) Highest received NR PDCP PDU SN [2], 2) Receiving volume [1], 3) Receiving data rate [1], and 4) volume of marked bytes [3]. In general, those information is not mutually exclusive with each other. Some combination among them would help CU-UP perform flow control:

· Option 1: Highest received NR PDCP PDU SN [2] 
· CU-UP can determine: the volume of on-the-fly data beyond the highest received NR PDCP PDU SN

· CU-UP cannot determine: the volume of on-the-fly data below the highest received NR PDCP PDU SN. The benefit to know such information is that the IAB donor CU-UP can derive the total volume of on-the-fly data towards IAB node. 
· Option 2: Highest received NR PDCP PDU SN [2] + Receiving volume [1]

· CU-UP can determine: the total volume of on-the-fly data towards IAB node

· CU-UP cannot determine: the receiving data rate of IAB node. The benefit of knowing such information is: the CU-UP can determine the upper bound of the sending rate. Normally, the congestion may only occur if the receiving data rate is smaller than the sending data rate. In other words, if the receiving rate is larger than the sending rate, the congestion will not happen even if the on-the-fly data volume is large. 
· Option 3: Highest received NR PDCP PDU SN [2] + Receiving volume [1] + Receiving data rate [1]
· CU-UP can determine:  the total volume of on-the-fly data towards IAB node, and the upper bound of the sending data rate
· CU-UP cannot determine: the queue delay of receiving data. The benefit of knowing such information is: the receiving data rate just gives the upper boundary. The exact sending rate can be determined by the queueing period of each packet. Specifically, below the upper boundary determined by the receiving rate, if most of packets have small queueing period, the CU-UP can use large rate; otherwise, the CU-UP can use small rate.  
· Option 4: Highest received NR PDCP PDU SN [2] + Receiving volume [1] + Receiving data rate [1]+ volume of marked bytes [3]
· CU-UP can determine: the total volume of on-the-fly data towards IAB node, the upper bound of the sending data rate, and the exact sending data rate

· CU-UP cannot determine: NULL. The CU-UP has enough information to perform flow control
Proposal 1: In DDDS, the receiving status information can be considered as the combination of the following candidate information: 1) Highest received NR PDCP PDU SN, 2) Receiving volume, 3) Receiving data rate, 4) Volume of marked bytes
The existing field in DDDS reflects the transmission status of accessing link, and the above receiving status reflects the transmission status over the BH RLC CHs. With all of those information, the IAB donor CU can perform better flow control over the IAB network. 
2.2 Left issues 
Except the content of receiving status, several left issues need further discussion. 
· Issue 1: receiving status with differentiation of routing path
In IAB network, the data packets of one UE DRB may be transmitted to the IAB node via multiple routing paths. Thus, there is possibility that one routing path has potential congestion problem, while another path does not have. To differentiate routing path, the receiving status information for one UE DRB can be reported per routing path so that the IAB donor CU-UP can perform the flow control per routing path. Meanwhile, such per-path flow control can help the IAB donor CU select the routing path. 

Proposal 2: the receiving status information can be reported per routing path.
· Issue 2:  the triggering of receiving status information reporting
The receiving status information is fed back per UE DRB. If the reporting is completely determined by the IAB node, signalling overload would become a problem for IAB network. Thus, some triggering condition should be set appropriately. The following options can be considered:
· Period reporting: IAB donor CU can configure a reporting period to the IAB node per UE DRB

· Polling: IAB donor CU can send polling to IAB node
· Triggering event: the IAB donor CU can set some triggering threshold to the IAB node, e.g., threshold of receiving volume, threshold of receiving data rate, threshold of volume of marked bytes
· Congestion indication: the congested IAB node can attach such indication in the BAP header. The IAB nodes receiving such indication can trigger receiving status reporting

Proposal 3: the triggering condition of receiving status information reporting can be selected from 1) period reporting, 2) polling, 3) triggering event, and 4) congestion indication. 
3 Conclusions
In this contribution, we summarize the E2E flow control schemes on the table, and propose: 
Proposal 1: In DDDS, the receiving status information can be considered as the combination of the following candidate information: 1) Highest received NR PDCP PDU SN, 2) Receiving volume, 3) Receiving data rate, 4) Volume of marked bytes
Proposal 2: the receiving status information can be reported per routing path.
Proposal 3: the triggering condition of receiving status information reporting can be selected from 1) period reporting, 2) polling, 3) triggering event, and 4) congestion indication.
The corresponding TP is given below.
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-------------------------------------------Change 1-------------------------------------------
5
NR user plane protocol

5.1
General

The NR user plane protocol layer is using services of the transport network layer in order to allow flow control of user data packets transferred from the node hosting NR PDCP to the corresponding node.

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 on receiving status from the IAB-node DU functionality for user data associated with a specific data radio bearer. 
-------------------------------------------Change 2-------------------------------------------
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.
h) for the IAB-node DU functionality, the receiving status may include

- the highest receivied NR PDCP PDU sequence number among those NR PDCP PDUs received from the node hosting the NR PDCP entity

- the received data volume

- the receiving data rate 
- the aggregate size in bytes of NR PDCP PDUs transmitted to lower layers that were marked at intermediate wireless backhaul links due to their queuing delay at intermediate nodes exceeding a predefined threshold (FFS).
NOTE:
If a deployment has decided not to use the Transfer of Downlink User Data procedure, d), e) and f)  above are not applicable.
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, 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.

-
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, 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.
-  takes the receiving status under h) into account to control the data transmission towards the corresponding node. 
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.
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Figure 5.4.2.1-1: Successful Downlink Data Delivery Status

5.4.2.2
Unsuccessful operation

Void.

-------------------------------------------Change 3-------------------------------------------
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
	ReceivingStatusFlag 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

	Spare
	Marked Byte Ind. 
	Receiving Data Rate Ind.
	Received Data Volume Ind.
	Highest Received NR PDCP SN Ind.
	0 or 1

	Highest Received NR PDCP PDU SN
	0 or 3

	Received Data Volume
	0 or 4

	Receiving Data Rate
	0 or 4

	Number of Marked Bytes 
	

	Padding
	0-3



Figure 5.5.2.2-1: DL DATA DELIVERY STATUS (PDU Type 1) Format

-------------------------------------------Change 4-------------------------------------------
5.5.3.a
Receiving Status Flag Ind
Description: This field indicates the presence of the one-byte field containing the Receiving Status flags, i.e., Highest Received NR PDCP SN Ind., Received Data Volume Ind., Receiving Data Rate Ind., and, Marked Byte Ind. 
Value range: {0= the one-byte field containing the Receiving Status flags not present, 1= the one-byte field containing the Receiving Status flags present}.

Field length: 1 bit.

5.5.3.b
Highest Received NR PDCP SN Ind
Description: This field indicates the presence of the Highest Received NR PDCP PDU SN. 
Value range: {0= Highest Received NR PDCP PDU SN not present, 1= Highest Received NR PDCP PDU SN present}.

Field length: 1 bit.

5.5.3.c
Received Data Volume Ind
Description: This field indicates the presence of the Received Data Volume. 
Value range: {0= Received Data Volume not present, 1= Received Data Volume present}.

Field length: 1 bit.

5.5.3.d
Receiving Data Rate Ind
Description: This field indicates the presence of the Receiving Data Rate. 
Value range: {0= Receiving Data Rate not present, 1= Receiving Data Rate present}.

Field length: 1 bit.

5.5.3.e
Marked Byte Ind 
Description: This field indicates the presence of the Number of Marked Bytes. 
Value range: {0= Number of Marked Bytes not present, 1= Number of Marked Bytes present}.

Field length: 1 bit.

5.5.3.f 
Highest Received NR PDCP PDU SN
Description: This field indicates the highest received NR PDCP PDU SN among those NR PDCP PDUs transmitted by the node hosting NR PDCP entity via one routing path. 
Value range: {0..218-1}.

Field length: 3 octets.
5.5.3.g 
Received Data Volume
Description: This field indicates the volume of received data via one routing path. 
Value range: {0..232-1}.

Field length: 4 octets.
5.5.3.h 
Receiving Data Rate
Description: This field indicates the receiving data rate via one routing path. 
Value range: {0..232-1}.

Field length: 4 octets.
5.5.3.i 
Number of Marked Bytes 
Description: This field indicates the aggregated size of the marked bytes. 
Value range: {0..232-1}.

Field length: 4 octets.
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