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1	Introduction
RAN3#106 agreed the following on IAB flow-control mechanism:
Use current DDDS for e2e flow control in IAB; necessary enhancements to DDDS are not precluded
The existing flow control mechanism via DDDS is reused for IAB, i.e. the DDDS is sent from the access IAB node to the IAB-donor-CU-UP, or IAB-donor-CU (in case of no CP-UP split)

This contribution lays out the information available to the donor CU-UP from DDDS, and what the CU-UP can do with it.
2	Discussion
2.1	Indications of successful delivery to UE
Taking also into account [1], agreed as part of NR industrial-IoT work item, for DRBs mapped on RLC AM the DDDS includes the following.
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;
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;
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.
From these, the CU-UP knows all the PDCP PDUs that it has transmitted toward the UE but whose successful delivery to the UE is still pending. Therefore, if it has transmitted different PDUs over different routing paths, it also knows the pending PDUs per path. An increase in pending PDUs on a given path is a warning sign of congestion on that path (although the exact location of congestion is not known).
Observation 1:	With DRBs mapped on RLC AM, from the current DDDS the CU-UP knows all the PDCP PDUs sent toward the UE whose successful delivery to the UE is still pending. The CU-UP can combine this with knowledge on the path it chose for each PDU. An increase of pending PDUs on a given path is a warning sign of congestion on that path.
2.2	Indications of transmission to lower layers
For all DRBs, the DDDS also includes the following.
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;
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.
With DRBs mapped on RLC AM, this provides information supplemental to that on successful delivery, for an even more complete picture.
With DRBs mapped on RLC UM, from successive DDDSes the CU-UP can compute the rate at which PDUs are being transmitted toward the UE by the UE’s access IAB node, and compare that rate with its own sending rate. If the transmission rate on the access link cannot keep up with the sending rate of the CU-UP, it is a warning sign of congestion (although the exact location of congestion is not known). 
Observation 2:	With DRBs mapped on RLC UM, using successive DDDSes the CU-UP can check whether the transmission rate toward the UE on the access link can keep up with the sending rate of the CU-UP. If not, it is a warning sign of congestion.
On UM DRBs utilizing different routing paths, if one of the paths is congested, that path can be determined by the CU-UP in multiple ways:
· As in Observation 2, the transmission rate toward the UE on the access link cannot keep up with the sending rate of the CU-UP;
· Packets sent over the congested path are declared as lost in DDDS; which is similar to the wired network that packet lost is mainly caused in case of transport network congestion. 
· Packets sent over the other paths are over-represented in the DDDS element g) (highest-numbered packet transmitted to lower layers), i.e. a lower percentage of received DDDS elements g) indicate the sequence number of a packet sent over the congested path than the actual percentage of all packets sent over the congested path.
Observation 3:	With DRBs mapped on RLC UM, CU-UP can determine from DDDSes a congested routing path among multiple paths used.
What makes the DDDS information less complete for UM DRBs than for AM DRBs is that, whereas for AM bearers the CU-UP knows every PDU not yet delivered to the UE (Observation 1), with UM bearers the CU-UP does not know, upon receiving the DDDS element g), which of the lower-numbered PDCP PDUs than that indicated in element g) the IAB node is still waiting to receive, and which ones have been received and transmitted to the lower layers by the IAB node.
So if, in spite of Obsevation 3, the current DDDS is deemed insufficient for the CU-UP to determine a congested routing path with DRBs mapped on RLC UM, an additional bitmap-like DDDS element reporting PDUs transmitted to lower layers out of sequence could be considered (similar to the element already added for PDUs successfully delivered). In the presence of such new DDDS element, all PDUs below that indicated in element g) would be either received and transmitted by the IAB node, or reported as lost in DDDS. Then the CU-UP would have as complete a picture with UM DRBs as with AM DRBs.
Proposal:	If, despite Observation 3, RAN3 consider the current DDDS insufficient for the CU-UP to determine a congested routing path among multiple paths with DRBs mapped on RLC UM, an additional bitmap-like DDDS element reporting PDUs transmitted to lower layers out of sequence could be considered (similar to the element already added for PDUs successfully delivered).

3	Conclusion
[bookmark: _GoBack]For DRBs mapped on RLC AM we observed the following.
Observation 1:	With DRBs mapped on RLC AM, from the current DDDS the CU-UP knows all the PDCP PDUs sent toward the UE whose successful delivery to the UE is still pending. The CU-UP can combine this with knowledge on the path it chose for each PDU. An increase of pending PDUs on a given path is a warning sign of congestion on that path.
For DRBs mapped on RLC UM we observed the following.
Observation 2:	With DRBs mapped on RLC UM, using successive DDDSes the CU-UP can check whether the transmission rate toward the UE on the access link can keep up with the sending rate of the CU-UP. If not, it is a warning sign of congestion.
Observation 3:	With DRBs mapped on RLC UM, CU-UP can determine from DDDSes a congested routing path among multiple paths used.
We have the following proposal.
Proposal:	If, despite Observation 3, RAN3 consider the current DDDS insufficient for the CU-UP to determine a congested routing path among multiple paths with DRBs mapped on RLC UM, an additional bitmap-like DDDS element reporting PDUs transmitted to lower layers out of sequence could be considered (similar to the element already added for PDUs successfully delivered).
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