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1. Introduction
In legacy F1-U, the retransmitted packet is flagged in DL USER DATA frame when a packet is sent from the gNB-CU to gNB-DU. The intention to include such indication is to tell the gNB-DU that such packet is retransmitted so that it can prioritize the transmission of such packet over the air interface. In IAB network, the legacy F1-U is used as the baseline user plane protocol between IAB donor CU and IAB-DU of the IAB node. Thus, the accessing IAB node can be aware of the retransmitted packet and prioritize its transmission. However, due to implementation of IPSec between GTP-U and IP layer, such retransmission flag is invisible to the intermediate IAB nodes and IAB donor DU. So, whether those nodes need be aware of retransmission flag or not is an open issue, and it is not discussed before. In this contribution, we will address this issue in details.  

2. Discussions

1.1 Packet retransmission in IAB network
In legacy CU-DU split architecture, the retransmitted packets may be result from:

· Packet loss over wired F1-U interface

· Serving gNB-DU change due to radio link outage. Specifically, when a gNB-DU detects the radio link outage, the packets buffered in it may be retransmitted by another gNB-DU and flagged as retransmitted packets 
· Serving gNB-DU change due to UE mobility

Compared to legacy CU-DU architecture, the IAB network may cause more retransmitted packets:

· More packet loss since wireless BH link is less reliable than wired line.

The packet loss will become more severe. It is because, before a packet reaches the accessing IAB node, it has to be conveyed via the wired F1-U interface and at least one hop of BH link. Except packet loss over wired line between IAB donor CU and IAB donor DU, the fluctuation of wireless channel can also result in the packet loss over BH link. 

· BH radio link outage can result in packet retransmission

If there is radio link outage over one BH link, the packets originally conveyed via such link may be retransmitted over another routing path

· IAB node migration can result in packet retransmission

After IAB node migrates, the packets originally sent by the source path will be retransmitted by the new paths. 

· IAB node congestion can result in packet retransmission

If the congestion occurs at one IAB node, and such IAB node cannot find another route. The packets buffered in this IAB node should be retransmitted over new route. 

All examples mentioned above indicate that IAB network can result in more packet retransmission. 
Observation 1: in IAB network, the packet retransmission becomes more severe due to, e.g., packet loss of BH link, BH link outage, IAB node migration, IAB node congestion, etc. 

As mentioned in introduction, due to IPSec, the retransmission flag is invisible to each intermediate node(s) between IAB donor CU and the accessing IAB node. It means that the retransmitted packet cannot be prioritized over BH links. In IAB network, with N:1 mapping,  an BH RLC CH may aggregate several UE DRBs. Without differentiation of retransmitted packets, each packet will be treated in the intermediate node as the normal packet following FIFO way. Thus, when a retransmitted packet arrives at the intermediate node, there may be several packets with different destination nodes already in the buffer. In this case, the transmission of the retransmitted packets will be further delayed over the BH link. For example, as shown in Fig. 1, the packet 11 of UE1 is lost so that it cannot deliver the received packets 12~17 to the upper layer. When the retransmitted packet 11 arrives at IAB node 1, the buffer already contains 6 packets towards UE2. Because of unawareness of retransmission packet, the packet 11 has to be sent out by IAB node 1 when packets 32~37 towards to UE2 are sent out. However, if packet 11 is flagged as retransmitted packet to IAB node, it can prioritize its transmission over BH links. 
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Fig. 1 Delay resulting from no differentiation of retransmitted packet

Furthermore, with the increase of the number of intermediate nodes, the delay towards retransmitted packets will be increased significantly. 

Observation 2: without identifying retransmitted packets over BH link, the transmission delay of such packets will be increased and, the delay increase will become significant large with the increase of the number of intermediate nodes. 

With Observation 1&2, it is beneficial to identify the retransmitted packets over the BH link and then prioritize their transmission. 
Proposal 1: It is beneficial to identify the retransmitted packets over each intermediate node and then prioritize their transmission.

1.2 Solution for retransmitted packet identification
To solve the above issue, we need figure out where the retransmission packet come from first:

· Retransmitted packets may come from IAB donor CU

If there is packet loss between IAB donor CU and accessing IAB node, the retransmission packets are from IAB donor CU. Another example is that during the IAB node migration, the IAB donor CU may retransmit the packets not received over the source path. 

· Retransmitted packets may come from intermediate node

When the intermediate node detects the radio link outage of the serving BH link, it stops the data transmission. After the link resumes, such node may retransmit the packet which is not successfully sent out before radio link outage. On the other hand, if such node can find another routing path, it may also retransmit the packets not successfully sent out in the original path. 
Observation 3: the retransmitted packets may come from either IAB donor CU or intermediate IAB node. 

· The retransmitted packets coming from IAB donor CU

According to F1-U, IAB donor CU will include a retransmission flag in the DL USER DATA frame. However, the donor DU and the following intermediate node(s) cannot read it because of IPSec. To make the intermediate node being aware of this information, the IAB donor CU should be able to send additional retransmission indication to IAB donor DU first, and then IAB donor DU can send this information to the following intermediate node(s). In IAB donor DU, it can only get information for the IP header. Thus, one possible way is to include a retransmission indication in the IP header of the packets by IAB donor CU. For example, IAB donor CU can include a retransmission flag in the field of DSCP/flow label/ECN of the IP header. After getting this flag, IAB donor DU can include the retransmission flag in the BAP header and send to the downstream node. This retransmission flag can be conveyed via BAP header along the whole routing path till the accessing IAB node. 
· The retransmitted packets coming from intermediate node

The intermediated node can add a retransmission flag in the BAP header when sending it to its child node. This retransmission flag can be conveyed via BAP header along the whole routing path till the accessing IAB node.

Based on the above discussion, we can figure out the method of retransmission packet identification, and propose

Proposal 2: To identify a retransmitted packet, the IAB donor CU can include an indication in the field of DSCP/flow label/ECN, and the intermediate node can include an indication in the BAP header. 
2 Conclusions
In this contribution, we discuss retransmission packet identification over IAB network, and the following observations and proposals are given:
Observation 1: in IAB network, the packet retransmission becomes more severe due to, e.g., packet loss of BH link, BH link outage, IAB node migration, IAB node congestion, etc. 
Observation 2: without identifying retransmitted packets over BH link, the transmission delay of such packets will be increased and, the delay increase will become significant large with the increase of the number of intermediate nodes. 

Proposal 1: It is beneficial to identify the retransmitted packets over each intermediate node and then prioritize their transmission.

Observation 3: the retransmitted packets may come from either IAB donor CU or intermediate IAB node. 

Proposal 2: To identify a retransmitted packet, the IAB donor CU can include an indication in the field of DSCP/flow label/ECN, and the intermediate node can include an indication in the BAP header. 
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