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[bookmark: OLE_LINK27][bookmark: OLE_LINK28]Introduction
In RAN2#AH1807 meeting, RAN2 agreed a TP [1] to address the end to end reliability. In the TP, RAN2 identified three alternatives of end to end reliability for hop by hop ARQ:
· Modification of PDCP protocol/procedures. This solution would not be applicable to Rel-15 UEs which means that Rel-15 UE performance may be impaired.
· Rerouting of PDCP PDUs buffered on intermediate IAB-nodes in response to a route update (FFS what information needs to be exchanged between IAB nodes).
· [bookmark: OLE_LINK11][bookmark: OLE_LINK12]Introducing UL status delivery (from the Donor gNB to the IAB node), whereby the IAB node can delay the sending of RLC ACKs to the UE until a confirmation of reception at the Donor gNB.
In this paper, we will study these all three alternatives, demonstrate how these alternative works, and compare which one can perfectly ensure end to end reliability for hop by hop ARQ. 
Discussion
1.1. UL status deliver based solution
· Introducing UL status delivery (from the Donor gNB to the IAB node), whereby the IAB node can delay the sending of RLC ACKs to the UE until a confirmation of reception at the Donor gNB.
In this solution, the UE access IAB node delays the ACK to UE until a confirmation of reception at its IAB donor. This solution is actually a combination of end to end ARQ and hop by hop ARQ. In the hop between UE and access IAB node, it is hop by hop ARQ; in the hop(s) between access IAB node and Donor gNB, it is end to end ARQ. This option contains all drawbacks of end to end ARQ, retransmission latency, capacity shrink due to inefficient retransmission, hop count limitation, etc. This option is a variation of combination of hop by hop ARQ and end to end ARQ, in another word, the lossless transmission is guaranteed by end to end ARQ. This option shouldn’t be discussed in end to end reliability for hop by hop ARQ.
[bookmark: OLE_LINK23][bookmark: OLE_LINK24]Observation 1: the UE access IAB node delays the ACK to UE until a confirmation of reception at its IAB donor is a variation of combination of hop by hop ARQ and end to end ARQ. 
1.2. re-routing based solution
· Rerouting of PDCP PDUs buffered on intermediate IAB-nodes in response to a route update (FFS what information needs to be exchanged between IAB nodes).
In this option, if hop 1 encounters RLF, IAB1 keeps transmitting RLC PDU to IAB2, but with no ACK received. When the maximum number of retransmissions has been reached, IAB1’s MT would consider that RLF is detected in hop 1. At this moment, IAB1’s RLC entity buffers the unsuccessfully transmitted RLC SDU/PDU, adaption layer is responsible to discovery a backup route for re-transmission. When hop 2 is established, IAB1 will re-transmit the RLC PDU/SDU. 
In the same manner, when IAB2 encounters RLF, for the DL RLC PDU/SDU, IAB2 discovers a backup DL path, IAB3 via hop 4, for DL re-transmission. 
Observation 2: the nodes involved in RLF hop are responsible to find backup route for re-transmission to ensure lossless transmission. 


Observation 3: re-routing doesn’t bring any specification impact. 
Observation 4: re-routing based solution is limited by available backup IAB node in selection.这个用不用？
1.3. Modification of PDCP protocol/procedures
In the legacy Rel_15 UE, when UE received the RLC AM ACK from the gNB, the UE would assume that this RLC PDU is successfully transmitted to gNB. Then when the UE receives the PDCP recovery command from gNB, UE would not re-transmit the RLC PDU which is confirmed by gNB. However, in figure 1, in hop by hop ARQ, the RLC ACK is send from the access IAB, IAB1, not Donor gNB. Hence the gNB may not receive this RLC PDU, so when gNB initiates the PDCP data recovery, upon the reception of PDCP data recovery message, UE will only re-transmit the PDCP PDUs which are not confirmed by access IAB node, which are not received by Donor gNB at all.
In order to enhance the lossless transmission, Rel_15 UE PDCP has to be modified. UE has to transmit all PDCP PDUs regardless whether these PDCP PDUs are confirmed by RLC layer. This enhancement has to flaws:
1: the bottom line of Rel_16 IAB SID is not to touch Rel_15 UE
2: this enhancement will degrade the efficiency of non-IAB direct network. In direct network, when the gNB request PDCP data recovery to UE, in terms of the above PDCP enhancement, the UE will re-transmit all PDCP PDUs from the first NACK PDCP SN, regardless whether these PDCP PDUs are confirmed by gNB at all. These PDCP PDUs are actually unnecessarily re-transmitted, because these RLC confirmed PDCP PDUs are received by gNB, unlike IAB network which are only received by access IAB. 
Observation 5: Modification of PDCP procedure will have impact to Rel_15 UE which is unacceptable in terms of the SID.
Observation 6: Modification of PDCP procedure will degrade the PDCP re-transmission efficiency in the non-IAB direct network. 
1.4. Re-routing procedure
As per the above discussion, due to the flaw introduced by impact to Rel_15 UE, and the degraded re-transmission radio efficiency, we propose to adopt re-routing to guarantee the lossless end to end transmission for hop by hop ARQ. 
Proposal 1: We propose to adopt re-routing to guarantee the lossless end to end transmission for hop by hop ARQ. 
In the email discussion [1], some scenarios are identified to address how route is re-established. 


The figure above shows such an example with RLF between Donor DU1 and IAB node A and successive recovery via formation of a new BH link between IAB node A and IAB node C. When IAB node A detects RLF, it shall be responsible to search a new parent node. When RLF occurs, RLF ARQ on A will hold UL RLC SDUs on the queue which have not been ACKed by Donor DU1. It should keep these RLC SDUs. The Adapt header of these RLC SDUs holds DU1 as destination address. 
When the new link is established, the CU configures a new UL route on nodes B, A and C for destination address DU2. This route serves for new packets. The CU should also configure an UL route on B, A and C for destination address DU1 to recover buffered RLC SDUs on the old route buffered on A. 
Proposal 2: when RLF occurs, the last unchanged node in the RLF will be responsible to search a new parent node. 
Proposal 3: when RLF occurs, the last unchanged node holds UL RLC SDUs which have not been ACKed by previous parent node; and the last unchanged node will re-transmit these RLC SDUs after the CU configures the new UL route. 




Figure x: recovery from the child node of the last unchanged node
Another scenario proposed in [1], shown in figure x, where RLF recovery occurs via a new link from B to C, rerouting would work in the following manner:
When IAB node A detects RLF occurs, RLF ARQ TX on node A will hold all those UL RLC SDUs which have not been RLC ACKed by Donor DU1. Since it knows about RLF on this link, it keeps these RLC SDUs until a new route has been established. Note at this moment that the Adapt header of these RLC SDUs holds DU1 as destination address. 
IAB node A will firstly try to search another parent node to establish a new route. However, IAB node A discoveryed that IAB node B is the only IAB node that it can search. Furthermore, IAB node A doesn’t have any configuration of backup link. So IAB nodeA has no choice but dismiss the connection of IAB node B, who is its child node, to be connected as its parent node. 
In the meantime of RLF occurs betweenIAB node A and DU1, IAB node B is unaware of the RLF, since it is not engaged in the RLF. If so, the last unchanged node, IAB node A, has to request IAB node B to initiate the new connection, otherwise IAB node B can’t be triggered to initiate the new connection. 


Proposal 4:  Capture the signaling flow above to TR 38.874
If we don’t use this strange “child node became parent node”, we make ask the CU to initiate a PDCP data recovery procedure. But as explained in option 1, PDCP procedure shall be modified at least for the legacy Rel_15 UE, because upon reception of PDCP data recovery, legacy Rel_15 UE only re-transmit the PDCP PDUs which are not ACKed by lower layer. Likewise, upon reception of PDCP status report, UE will do nothing but discard the PDCP PDUs which are ACKed in the PDCP status report, no re-transmission behavior is expected from the UE.  
After A has identified B as parent and connected as a child to B (link flip), the CU configures for UEs attached to B a new UL route via C and DU2.  Note that UL packets on this new route carry destination address DU2 on Adapt. The CU also configures an UL route on A, B and C for destination address DU1 to recover RLC SDUs, which got stuck on A. This allows A to send all buffered SDUs with destination address DU1 to the next hop B, which will forward them to C, which will forward them to DU2. Since PDCP entity resides in CU, not DU, then PDCP in CU can perform re-ordering function for the buffered RLC SDU in IAB node A.
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]Proposal 5: RAN2 is asked to allow reversed connection establishement in case the last unchanged node can’t find parent node. 
Conclusion 
As per the above discussion, it is very clear that Modification of PDCP protocol/procedures will impact the legacy Rel_15 UE; Introducing UL status delivery is a variation of end to end ARQ, so only re-routing of PDCP PDUs buffered on intermediate IAB-nodes is the best solution to ensure end to end reliability. So we have the following observations and proposals:
Observation 1: the UE access IAB node delays the ACK to UE until a confirmation of reception at its IAB donor is a variation of combination of hop by hop ARQ and end to end ARQ. 
Observation 2: the nodes involved in RLF hop are responsible to find backup route for re-transmission to ensure lossless transmission. 
Observation 3: re-routing doesn’t bring any specification impact. 
Observation 4: re-routing based solution is limited by available backup IAB node in selection.这个用不用？
Observation 5: Modification of PDCP procedure will have impact to Rel_15 UE which is unacceptable in terms of the SID.
Observation 6: Modification of PDCP procedure will degrade the PDCP re-transmission efficiency in the non-IAB direct network. 
Proposal 1: We propose to adopt re-routing to guarantee the lossless end to end transmission for hop by hop ARQ. 
Proposal 2: when RLF occurs, the last unchanged node in the RLF will be responsible to search a new parent node. 
Proposal 3: when RLF occurs, the last unchanged node holds UL RLC SDUs which have not been ACKed by previous parent node; and the last unchanged node will re-transmit these RLC SDUs after the CU configures the new UL route. 
Proposal 4:  Capture the signaling flow above to TR 38.874
[bookmark: _GoBack]Proposal 5: RAN2 is asked to allow reversed connection establishement in case the last unchanged node can’t find parent node. 
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