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[bookmark: OLE_LINK27][bookmark: OLE_LINK28]Introduction
In our IAB WID, following objective is captured:
	·    Specification of mechanisms to enable lossless delivery in hop-by-hop ARQ.



In RAN2#105bis meeting, we agreed the following agreement:
	· The IAB system should provide lossless end-to-end packet delivery. Enhancements to existing mechanisms, if needed, are FFS.




In the phase of IAB study item, we agreed that end to end ARQ is the only supported ARQ in IAB WI. In addition, we have agreed three alternatives of end to end reliability for hop by hop ARQ in [1]:
· 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 addition, in [2], rapporteur discussed the downlink lossless transmission can be guaranteed by donor implementation, since it is obvious that the donor could retransmit any PDCP PDU irrespective of whether successful delivery has been confirmed by RLC, e.g. retransmission based on the DL DATA DELIVERY STATUS.
Thus we will focus on the uplink lossless transmission only in this paper. We will study these all three alternatives above, demonstrate how these alternative works, and compare which one can perfectly ensure end to end reliability for hop by hop ARQ. 
Discussion
1.1. Packets has been delivered to RLC entity, but not been received by parent node. 
In [2], a scenario has been raised that if a packet has been delivered to RLC entity in IAB2, but not successfully been received by IAB1, may get lost in case RLF occurs in BH3. Then in this case, we have to study how to ensure the lossless transmission for this packet. 


As per the UE behavior, upon RRC reestablishment, as described by figure 1, the RLC entity is reset, and in this case, the RLC SDUs and PDUs are dropped. We have to study whether this behaviour applies to IAB. So it is obvious that if UE behaviour is adapted as the baseline of IAB node, IAB node can’t guarantee data lossless in this case. 
So we will have to enhance the MT behaviour in the basis of UE behaviour, enable the RLC entity of IAB node 2 KEEP the RLC SDUs, then it would be possible for the IAB node to recovery the packet. 
Proposal 1: it is proposed the RLC entity of the IAB node keeps the unconfirmed RLC SDUs, to guarantee the lossless transmission. 
In addition, in [2], some companies further proposed some other solutions:
· TCP based solutions as an eventually solution, but out of the scope of 3GPP. 
In this option, we leave TCP layer to have an end to end reliability, which also works. But in 3GPP, we tend to defined an AS layer end to end reliability solution. So TCP based solution is only an eventual solution, not a desired solution. 
· Infinite PDCP re-ordering timer configuration
In [2], [3] is quoted that in NR, it has been agreed to introduce the infinity value for PDCP reordering timer in order to prevent data loss for SRBs. For AM DRB, the PDCP reordering timer could also be set to infinity to combat issues discussed in this paper. In this solution, PDCP window will not move forward until the arrival of late data. Moreover, this solution has no impact on the current PDCP specification. However, even if the timer value is configured with infinity value, the data loss can still occur, due to the topology change. 
But another problem is the PDCP reordering timer is configured to UE. During the timer is running, UE will wait the data in order to move the PDCP window. But this only applies the downlink data lossless transmission, on the contrary, we are dealing with uplink data lossless transmission. 
From above study, we concluded that infinite PDCP re-ordering timer configuration and TCP based solutions are not desired solutions. 
Proposal 2: PDCP re-ordering timer configuration and TCP based solutions are not desired solutions. RAN2 should consider AS layer end to end reliability solution. 
1.2. 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.
On the contrary, this option can avoid the PDCP receiving window unsynchronized issue. In [4], disorder of data arriving in PDCP layer and consequent discarding issue is identified. Since there is no reordering function in the RLC layer, each IAB node will forward correctly received RLC SDUs to the next hop directly, and these forwarded SDUs may be out of order. However, with the hop-by-hop ARQ, the transmitting side of the first hop which has a PDCP entity(e.g. UE or IAB donor), may transmit new packets (PDCP PDUs) continuously according to received RLC ACKs sent from the receiving side of the first hop. As a result, there is a risk that some successfully transmitted packets will be discarded by the peer PDCP entity in the receiving side of the last hop (e.g. DgNB or UE) if these packets arrive outside of the reordering window. 
But with this option1, in the UL manner, the access IAB node will not RLC ack the UE until it has the positive ack from IAB donor. So by this means, the UE will not move the transmitting window until the packet is received by IAB donor, namely the disorder of data arriving in PDCP layer issue caused by unsynchronized PDCP receiving window and transmission window can be resolved. 
Observation 2: the disorder of data arriving in PDCP layer issue caused by unsynchronized PDCP receiving window and transmission window can be resolved by UL status delivery confirmation by IAB donor.
And then here comes the issue of which protocol should feedback the UL delivery status. In the legacy Rel_15 system, RLC entity feedback whether the RLC PDU is successfully received by the peer entity. But if we re-use this Rel_15 RLC ARQ mechanism, namely we are introducing end to end ARQ. Every IAB node RLC entity has to hold the ARQ ACK/NACK, until the neighbor IAB node feedback RLC ARQ ACK/NACK. So this would have much impact to RLC layer in IAB node. 
Proposal 3: it is proposed to adapt UL status deliver based solution to guarantee the end to end lossless transmission. 
If we introduce a UE delivery status in F1-AP layer, things would be much easier. The donor CU can simply transfer the UE data delivery status in F1-AP layer to the access node, the intermediate IAB node just simply transparently forward the UE data delivery status. 
Proposal 4: it is proposed to use F1-AP message to feedback the UE delivery status. 
1.3. Re-routing based solution
· Rerouting of PDCP PDUs buffered on intermediate IAB-nodes in response to a route update (FFS what Re-routing based solution which has been captured in TR38.374 as alternative 2
The pre-condition of this solution highly relies on the deployment of IAB network. If the network is deployed with sufficient redundant node for re-routing, this solution is the best for end to end reliability, since it has the less impact to specification. But operators are required to feedback the network deployment circumstances of IAB. 
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. 
1.4. 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 two 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. 
As per the above discussion, it is very clear that Modification of PDCP protocol/procedures will impact the legacy Rel_15 UE; re-routing based solution may highly require the network deployment of redundant paths configured.  We propose to adopt UL status deliver based solution to guarantee the lossless end to end transmission for hop by hop ARQ. 
Proposal 5: We propose to adopt UL status deliver based solution to guarantee the lossless end to end transmission for hop by hop ARQ. 
Conclusion 
As per the above discussion, it is very clear that Modification of PDCP protocol/procedures will impact the legacy Rel_15 UE; re-routing based solution may highly require the network deployment of redundant paths configured. 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 disorder of data arriving in PDCP layer issue caused by unsynchronized PDCP receiving window and transmission window can be resolved by UL status delivery confirmation by IAB donor.
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. 
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: it is proposed the RLC entity of the IAB node keeps the unconfirmed RLC SDUs, to guarantee the lossless transmission. 
Proposal 2: PDCP re-ordering timer configuration and TCP based solutions are not desired solutions. RAN2 should consider AS layer end to end reliability solution. 
Proposal 3: it is proposed to adapt UL status deliver based solution to guarantee the end to end lossless transmission. 
Proposal 4: it is proposed to use F1-AP message to feedback the UE delivery status. 
Proposal 5: We propose to adopt UL status deliver based solution to guarantee the lossless end to end transmission for hop by hop ARQ. 
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