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1   Introduction
Achieving the same or comparable performance with IAB deployments as in regular single-link NR deployments is generally considered to be an important KPI. Therefore reliable end-to-end transmission and delivery of packets to higher layers is of great importance in IAB. The IAB WID [1] indicates that Rel-16 IAB design will need to support hop-by-hop RLC ARQ implementation. For this specific case of hop-by-hop RLC ARQ, it is less obvious how end-to-end reliability can be ensured, and the IAB TR (capturing the outcome of the IAB Study Item work) captures and compares different solutions ([2], Section 8.2.3) specifically for hop-by-hop ARQ. Additionally, the TR clearly states (in ibid) that for the hop-by-hop case “current specification cannot ensure data lossless delivery at the certain scenarios (e.g., when IAB topology changes are performed by backhaul-link failure, when inter-CU handover happens) without additional enhancements”. In this contribution we summarize the key issues and reflect on the options captured in [2] and these “additional enhancements”, before making recommendations for a way forward.
2   Background and context
For hop-by-hop RLC ARQ, the ACK comes from the next node in the chain. This only tells the sender that the RLC PDU has passed that one single hop. As the UE does not know about multiple hops (since the UE does not even know whether a particular serving node is a relay), it will deliver the acknowledgement to PDCP layer. There was much debate at past RAN2 meetings as to whether this will lead to the discarding of the relevant PDCP SDU [3], [4]. In fact the NR PDCP spec mandates when the PDCP entity shall discard the packets, and the feedback from RLC is not mentioned as input to the discarding process. In other words, the PDCP SDU should only be discarded from the transmission buffer upon reception of the corresponding PDCP status report or upon expiry of the discard timer. It is of course possible that certain implementations may discard a PDCP SDU upon receiving confirmation of its successful delivery from RLC layer [3]. In relay networks, early discard of a PDCP SDU based on RLC feedback could cause significant issues: if the RLC PDU is subsequently lost in some of the backhaul hops, for instance due to blockage, there is no guarantee that the PDCP SDU will eventually be delivered to the intended receiver. 
Observation 1 The PDCP SDUs should only be discarded from the transmission buffer based on the PDCP status report and/or based on expiry of the corresponding discard timer.

The key question is therefore whether current PDCP data recovery procedure can ensure lossless data delivery. 

With an assumption that PDCP SDUs are discarded from the transmission buffer only according to the triggers defined by the specification, the key question is therefore whether current PDCP data recovery procedure can ensure lossless data delivery. We need to note that there is no retransmission procedure in PDCP, except for: 1) PDCP re-establishment; and 2) PDCP data recovery. For PDCP re-establishment, the security update would be performed, which seems not appropriate or required for the IAB scenario. PDCP data recovery retransmits only those PDCP PDUs which were not confirmed by lower layers as successfully transmitted. In IAB hop-by-hop scenarios, we just cannot be sure that all non-retransmitted PDCP PDUs were successfully received by the receiver. 

Observation 2 Current PDCP re-establishment / data recovery procedure does not provide end-to-end guarantees in an IAB network where hop-by-hop RLC ARQ is deployed.
These issues and potential solutions have been captured in [2]. We now look at potential solutions captured in [2] (and shed further light on them), while highlighting other solutions which should also be considered by RAN2 in our view.
3   Potential solutions
3.1   Rely on higher layer retransmissions

In initial IAB deployments, we believe that there would most likely only exist a handful of additional nodes within a particular macro cell. This means that topology will be rather static because the macro link will always be dominant. Link blockage/failure can of course happen for mmWave deployments (which is an important use case for IAB), but without a detailed study of how frequent this is, the question is whether we should invest time in solutions for problems which will happen e.g. once per day. In summary, the IAB wireless links should be relatively good because otherwise it does not make sense to deploy relays as they will just introduce bottlenecks into the system. If the IAB relay link is good, then there is an extremely low probability that all RLC re-transmissions will fail. Even if they do, we still have TCP level retransmissions. They generally do not cause major delays, but rather reduce observable transmission rate due to the reduced window size, but this is not a big issue either if it happens seldom. 
Observation 3 Assuming stable IAB links of good quality and relatively infrequent link blockage/failure, relying on higher layer (e.g. TCP) retransmissions would help ensure reliable end-to-end data delivery in those rare cases where all RLC retransmissions fail.
3.2   Switch between end-to-end and hop-by-hop RLC ARQ

The WID does not preclude support for end-to-end RLC ARQ implementations; it simply stipulates that hop-by-hop RLC ARQ must be supported in the standardized solution, without anticipating the use of or reliance on end-to-end ARQ in the final design. If the final system design and the protocol stacks allows for both hop-by-hop and end-to-end ARQ, then we could let the network choose between end-to-end and hop-by-hop modes. As an example, the network implementation can still activate hop-by-hop ARQ so long as it is aware of potential consequences; otherwise the network would enable the end-to-end ARQ mode. In any case, even end-to-end RLC ARQ cannot guarantee lossless transmission on its own, due to NR supporting out-of-sequence delivery. Therefore allowing the network to choose the ARQ mode, and then deal with the consequences, seems a sensible solution, which works both as an alternative or a complementary solution to other solutions discussed in this paper.
Observation 4 Allowing the network to choose the ARQ mode (switch from end-to-end to hop-by-hop and vice versa), and then deal with the consequences, is a sensible solution.
3.3   Enhance the PDCP status report
Another alternative is to enhance the use of the PDCP status report (now captured in [2] as one of the potential solutions). Currently UE discards ACK’d PDCP SDUs based on the received PDCP status report. However, the UE is not mandated to perform retransmission of those PDCP SDUs that were not ACK’d in the PDCP status report. Basically, there is no retransmission action specified. Of course, retransmission will be triggered if data recovery is requested. However this solution entails RRC signalling. Therefore one possible alternative solution is for the UE to indeed retransmit all the unacknowledged PDCP SDUs based on the PDCP status report, irrespective of whether they were acknowledged by RLC. One way of implementing this is if the PDCP status report generated by receiver (in this case, the Donor) sets an additional flag asking the UE to retransmit all PDCP SDUs irrespective of the RLC ACK status. 

The downside of this approach is that it would lead to compatibility issues with Rel-15 UEs, as pointed out in [2]. If we only introduce these changes in Rel-16, then any Rel-15 UE connected to IAB networks might end up with this problem – and in this aspect we agree with conclusions of [2]. However, what we could do is only make the corresponding enhancements in Rel-16, and the network can then decide whether to activate hop-by-hop RLC ARQ for Rel-16 UEs or activate end-to-end RLC ARQ for Rel-15 UEs. In other words, the network would ensure that Rel-15 UEs are deployed in such a way that RLC ARQ is end-to-end. The UE is of course unaware if it is talking to a relay or not – but the RLC peer entity would be in the Donor for the end-to-end case, ensuring lossless transmission for Rel-15 UEs. For Rel-16 UEs, the RLC peer entity would be in the access IAB node, and enhancements to PDCP (residing in the Donor) which we propose would ensure this is taken into account to ensure lossless end-to-end transmission for Rel-16 UEs and hop-by-hop RLC ARQ.
Observation 5 Another possible solution to the issue is for the UE to retransmit all the unacknowledged PDCP SDUs based on the received PDCP status report, irrespective of whether they were acknowledged by RLC.
Observation 6 Based on [2], we recognize that backwards compatibility is considered important. However, the network can decide whether to activate hop-by-hop RLC ARQ for Rel-16 UEs (and use the solution proposed in this sub-section) or to activate end-to-end RLC ARQ for Rel-15 UEs.  
3.4   Setting the PDCP reordering timer to infinity for DRBs
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, i.e. the data loss described in Section 2 will not happen. 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. 
Observation 7 For AM DRB transfer, the PDCP reordering timer could be set to infinity (the value more commonly used for SRBs), thereby preventing any data loss.
4   Conclusions
In this tdoc we analyzed various solutions that could ensure end-to-end reliability in hop-by-hop RLC ARQ IAB implementations, in light of the Work Item objectives [1] and the Study Item findings [2]. We drew the following observations:

Observation 8 The PDCP SDUs should only be discarded from the transmission buffer based on the PDCP status report and/or based on expiry of the corresponding discard timer.

Observation 9 Current PDCP re-establishment / data recovery procedure does not provide end-to-end guarantees in an IAB network where hop-by-hop RLC ARQ is deployed.

Observation 10 Assuming stable IAB links of good quality and relatively infrequent link blockage/failure, relying on higher layer (e.g. TCP) retransmissions would help ensure reliable end-to-end data delivery in those rare cases where all RLC retransmissions fail.
Observation 11 Allowing the network to choose the ARQ mode (switch from end-to-end to hop-by-hop and vice versa), and then deal with the consequences, is a sensible solution. 
Observation 12 Another possible solution to the issue is for the UE to retransmit all the unacknowledged PDCP SDUs based on the received PDCP status report, irrespective of the fact whether they were acknowledged by RLC. 
Observation 13 Based on [2], we recognize that backwards compatibility is considered important. However, the network can decide whether to activate hop-by-hop RLC ARQ for Rel-16 UEs (and use the solution proposed in this sub-section) or to activate end-to-end RLC ARQ for Rel-15 UEs.  

Observation 14 For AM DRB transfer, the PDCP reordering timer could be set to infinity (the value more commonly used for SRBs), thereby preventing any data loss.

Based on the above, we propose the following:

Proposal 1: RAN2 to consider the 4 (non-mutually exclusive) potential solutions identified in this paper to the issue of ensuring end-to-end reliability in hop-by-hop RLC ARQ IAB implementations.
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