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Introduction
Following the RAN2#103 meeting an email discussion was held to discuss solutions for end-to-end reliability in hop-by-hop RLC ARQ [1]. In this email discussion, primarily three families of solutions were discussed:
A. Modification of PDCP protocol/procedures;
B. Rerouting of PDCP PDUs buffered on intermediate IAB nodes in response to a route update;
C. Introducing UL status delivery (from IAB donor to IAB node).

While conclusions of the email discussion will be presented in [1], in this document we propose a way forward in the interest of continuing to make progress on IAB standardization. 

Way forward on E2E reliability for hop-by-hop RLC ARQ
As discussed in [1], the main problem being considered here is reliable delivery of PDCP PDUs on the uplink from the UE to the Donor CU when there is a route change caused due to RLF in one of the backhaul links. Many companies commented in the email discussion regarding signaling overhead and ability of the solutions to achieve E2E reliability under various RLF and route change scenarios. Regardless of the specific differences between each solution, since we are considering RLF scenarios requiring a route change, a certain amount of latency and signaling to execute the route change is inevitable and common across each solution. Moreover, such latency and signaling overhead to execute route changes in response to RLF on a backhaul link will be experienced in all IAB architectures. 
Observation 1: Some degree of latency and signaling overhead is inevitable in all IAB architectures when trying to execute route changes in response to an RLF situation on a backhaul link.
As part of the initial IAB study item discussions, it has been agreed that the Release 15 study item shall focus on IAB design with fixed relays (requirement on topology adaptation is shown below from [1]). 
Requirement: The Rel. 15 study item shall focus on IAB with physically fixed relays. This requirement does not preclude optimization for mobile relays in future releases.
In most deployments, fixed IAB nodes will be deployed in the network with proper RF design and engineering to ensure good network performance. Hence, for such fixed IAB nodes the probability of IAB links experiencing RLF is expected to be significantly less than the probability of a UE’s access link experiencing RLF. This makes it 
Observation 2: The probability of RLF on IAB links for fixed relays is expected to be much less than the probability of RLF for UE access links. 
Furthermore, it has been agreed in [1] that for a Directed Acyclic Graph (DAG) topology, multi-connectivity or route-redundancy can be used to enhance reliability. In cases where IAB nodes have already established multiple redundant routes to the IAB donor node, an RLF condition on a backhaul link can be handled relative quickly with a route switch, thereby reducing the amount of data that needs to be rerouted.
Observation 3: For DAG deployment topology, when multi-connectivity or route-redundancy is enabled for IAB nodes, route switching in response to an RLF condition on a backhaul link can be relatively fast, thereby reducing the amount of data that needs to be rerouted. 
IAB is expected to be deployed in many different network configuration scenarios. Even though it has been pointed out that there may be some configuration scenarios under which solution families B or C cannot guarantee end-to-end reliability, it is expected that these solutions can indeed deliver end-to-end reliability under a vast number of scenarios. Hence, there is significant value in continuing to explore these solutions for IAB standardization. 
Observation 4: Even though there may be some corner cases under which solution families B or C cannot guarantee end-to-end reliability, it is expected that these solutions can indeed deliver end-to-end reliability under a large number of scenarios. 
Additionally, just as in the case of regular non-IAB based deployment scenarios, when a link failure situation is involved it is not unusual for the end-to-end packet flow to have to rely on a higher transport layer to ensure complete end-to-end reliability. Therefore, if the proposed solutions under families B and C cannot achieve reliability in every possible scenario involving RLF with a route change, a higher layer protocol, such as TCP, can always continue to ensure end-to-end reliability in such corner cases. 
Observation 5: For some corner cases, when the proposed solutions cannot guarantee end-to-end reliability, a higher layer protocol, such as TCP, can continue to deliver end-to-end reliability. 
Focusing on specific solution families A to C, it has been discussed and agreed by most companies in the email discussion, that the first family of solutions related to modification of PDCP protocol/procedures is not compatible with Release 15 UEs. Hence, we propose that this family of solutions should not be considered to provide E2E reliability in hop-by-hop RLC ARQ based IAB architectures.
Proposal 1: Solutions based on modification of PDCP protocol/procedures should not be considered to provide E2E reliability in hop-by-hop RLC ARQ based IAB architectures because they violate the IAB SI requirement to be compatible with Release 15 UEs.
Regarding the remaining two family of solutions (B and C), there are especially some scenarios for which very little additional work needs to be performed to enable end-to-end reliability. For example, for solution B-2, in a scenario where there is no change in IAB donor node, when the IAB node experiencing RLF, or its child IAB node, can establish a new route via another IAB node, packet forwarding of buffered packets can be accomplished with relatively small amount of standardization effort or signaling overhead. 3GPP should take advantage of such low hanging fruit cases to enhance reliability for such scenarios. 
Proposal 2: Solutions requiring relatively small amount of standardization effort, such as solution B-2, should be considered to enhance reliability for certain subsets of scenarios. 
It may be the case that for certain deployment scenarios, a solution such as B-2 may be sufficient to ensure end-to-end reliability. However, there may be certain deployment scenarios in which further enhancements may need to be considered, such as further adding an inter-IAB node delivery status as proposed in solution B-1, or considering an uplink delivery status message as proposed in solution C. For example, as the use of IAB nodes expands beyond the fixed relay case to mobile relays, further enhancements beyond the simplest solution could be justified to bolster reliability. Since different deployment scenarios could benefit from different solutions, 3GPP should additionally consider standardizing more than one solution for end-to-end reliability and leave it up to network vendors and operators to decide which solutions to enable per deployment scenario. 
Proposal 3: In the future, 3GPP should remain open to standardizing enhancements based on solutions such as B-1 or C-2 to further broaden the set of addressed scenarios. 
Conclusion
In the interest of continuing to make progress on IAB standardization, in this document we proposed a way forward regarding solutions for end-to-end reliability for hop-by-hop RLC ARQ. The following observations and proposals were made:
Observation 1: Some degree of latency and signaling overhead is inevitable in all IAB architectures when trying to execute route changes in response to an RLF situation on a backhaul link.
Observation 2: The probability of RLF on IAB links for fixed relays is expected to be much less than the probability of RLF for UE access links. 
Observation 3: For DAG deployment topology, when multi-connectivity or route-redundancy is enabled for IAB nodes, route switching in response to an RLF condition on a backhaul link can be relatively fast, thereby reducing the amount of data that needs to be rerouted. 
Observation 4: Even though there may be some corner cases under which solution families B or C cannot guarantee end-to-end reliability, it is expected that these solutions can indeed deliver end-to-end reliability under a large number of scenarios. 
Observation 5: For some corner cases, when the proposed solutions cannot guarantee end-to-end reliability, a higher layer protocol, such as TCP, can continue to deliver end-to-end reliability. 

Proposal 1: Solutions based on modification of PDCP protocol/procedures should not be considered to provide E2E reliability in hop-by-hop RLC ARQ based IAB architectures because they violate the IAB SI requirement to be compatible with Release 15 UEs.
[bookmark: _GoBack]Proposal 2: Solutions requiring relatively small amount of standardization effort, such as solution B-2, should be considered to enhance reliability for certain subsets of scenarios. 
Proposal 3: In the future, 3GPP should remain open to standardizing enhancements based on solutions such as B-1 or C-2 to further broaden the set of addressed scenarios. 
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