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Introduction

An email discussion has been performed on lossless behaviour after 3GPP RAN2#106 meeting. 
[106#45][IAB] Lossless behaviour (Huawei)


Intended outcome: Report, paving the way for on-line agreements


Deadline:  Thursday 2019-08-08

In this paper, we will have some further discussion on the lossless delivery in hop-by-hop IAB network. 
Discussion

In the previous 3GPP meetings, lossless delivery in HbH ARQ was discussed. It was observed that current specification without additional enhancements cannot ensure lossless delivery when IAB topology changes are performed or when inter-CU handover happens. This is because NR PDCP recovery would not resend those PDCP PDUs which were already confirmed by the next IAB hop, although they could be lost in the rest hops of the backhaul path and not reach the target (i.e. IAB Donor CU) finally. 

For example in Fig.1, when link failure occurs at radio link BC, the lost uplink RLC PDU would not be resent by UE in the PDCP recovery process as IAB node A has confirmed the reception at the lower RLC layer. UE would then consider them successfully delivered. Therefore, HbH ARQ could not guarantee the lossless data delivery between UE and IAB donor once a RLC PDU is lost in the multi-hop backhaul links. 
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Figure1 An example of link failure in the multi-hop backhaul
First of all, since only stationary IAB nodes are considered in Rel 16, the BH links could be carefully deployed to minimize the RLF’s happening. For example, line-of-sight radio condition could be provided in the practical Rel-16 IAB deployments to ensure better radio link quality in the BH links. In this case, BH link failure could be very rare, and a relatively simple solution with limited specification impact may be sufficient for Release 16. 

Observation 1: BH link failure could be minimized by careful  deployment of  Rel 16 IAB nodes, and a relatively simple solution with limited specification impact may be sufficient for Release 16. 

In the email discussion, several solutions are provided to address the lossless issue. Among those solutions, Option B concentrates on “rerouting of PDCP PDUs buffered on intermediate IAB-nodes in response to a route update”, Option C concentrates on “delaying the RLC ACK to UE until a reception confirmation from donor is received at the Access IAB node”, and Option D concentrates on  “end-to-end ARQ or PDCP enhancement at UE side”. Since end-to-end ARQ is not in the scope of Release16 and PDCP enhancement at UE side is not backward compatible, it is not necessary to consider Option D any more. 

Observation 2: It is not necessary to consider Option D due to the scope of Release 16 and the consideration on backward compatibility. 

In Option B, there are two alternative solutions referred to as Option B1 and B2. In Option B1, it is the IAB node encountering BH RLF to perform data rerouting. While in Option B2, the access IAB node would perform data rerouting once the data is affected by RLF during BH delivery. 

In Option C, there are also two alternative solutions referred to as Option C1 and C2. In Option C1, RLC ACK to UE is delayed until the access IAB node receives a UL status delivery transmitted from donor. While in Option C2, RLC ACK to UE is delayed until the access IAB node receives RLC ACK for the same data packet from its parent node, which also delays the sending of RLC ACK until receiving RLC ACK from its parent node. 

In Option C, a UE may wait for a long time to receive feedback at RLC layer. This may cause many problems, such as  RLC window stalling, high UE memory requirement, high memory requirement at the intermediate IAB node, unnecessary retransmission, etc. Hence,  Option C with a large RLC-ACK delay to UE is not a good solution to address the lossless delivery issue. 

Observation 3: Option C has a large delay for RLC ACK to UE, and it could cause many problems, such as  RLC window stalling, high UE memory requirement, high memory requirement at the intermediate IAB node, unnecessary retransmission, etc. 

Compared with Option B1, Option B2 requires a much larger buffer at access UE since all the traffic need to be rerouted by it including the traffic which has already arrived at some intermediate node. Also, when RLF happens at intermediate node, rerouting could only happen after donor CU analyze the RLF’s impact to the existing routes, and send a rerouting command to the access IAB node. This would lead to a large delay even when a secondary route has been configured in advance and the time to construct a new one could be saved. Third, Option B2 needs a delivery status report from donor CU to access IAB node. This would cause more specification impact compared with Option B1.  
Therefore, Option B1 is a better choice compared with Option B2. 
Observation 4: Option B1 is a better choice compared with Option B2. 

Proposal 1: It is proposed that Option B1 should be considered as the baseline for UL lossless delivery. 
In Option B1, BAP entity needs to be able to reroute a packet which has not been positively acknowledged. It means that a buffer should be introduced in BAP layer. Whenever a packet arrives, it would be stored in BAP buffer until its transmission is positively acknowledged by RLC layer. Since IAB node MT part need to wait for the resource grant from its parent node for the next-hop transmission, the arrived data need to be buffered in a IAB node anyway, either in BAP entity or RLC entity. Compared with buffering data in RLC, BAP buffer could provide more flexibility in traffic rerouting without affecting RLC specifications. Otherwise, RLC entity of IAB node needs to keep the un-ACKed PDUs when RLF occurs, and transfer it to another RLC entity. This would cause a large impact to RLC specifications. 

Proposal 2: The data could be stored in a BAP buffer, and delivered to the associated RLC entity after a resource block is scheduled to the MT.  
Conclusion

In this contribution, we discussed the lossless delivery in multi-hop IAB network. And we have the following observations and proposals:

Observation 1: BH link failure could be minimized by careful  deployment of  Rel 16 IAB nodes, and a relatively simple solution with limited specification impact may be sufficient for Release 16. 

Observation 2: It is not necessary to consider Option D due to the scope of Release 16 and the consideration on backward compatibility. 

Observation 3: Option C has a large delay for RLC ACK to UE, and it could cause many problems, such as  RLC window stalling, high UE memory requirement, high memory requirement at the intermediate IAB node, unnecessary retransmission, etc. 

Observation 4: Option B1 is a better choice compared with Option B2. 

Proposal 1: It is proposed that Option B1 should be considered as the baseline for UL lossless delivery. 
Proposal 2: The data could be stored in a BAP buffer, and delivered to the associated RLC entity after a resource block is scheduled to the MT.  
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