3GPP TSG-RAN WG2 #103
R2-1812462
Gothenburg, Sweden, 20th – 24th August 2018

Title: 
Consideration on Reliability Problem of Hop-by-hop RLC ARQ
Source: 
ZTE  
Agenda item:
11.1.2 
Document for:
Discussion and Approval
1. Introduction

In last meeting, end-to-end (E2E) or hop-by-hop (HbH) ARQ were discussed intensively, and a comparison table was listed taking the consideration of many metrics. It was observed that “current specification cannot ensure data lossless delivery when IAB topology changes are performed without additional enhancements” in HbH ARQ. To solve the problem, it has been proposed that:

	end to end reliability in hop-by-hop RLC ARQ case could be addressed by specifying, e.g., the following mechanisms: 
-
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).
-
Implementing 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.
It is FFS whether this issue needs to be addressed in IAB SI/WI.


In this paper, we will have some further discussion on the three above-mentioned mechanisms for addressing reliability problem in HbH RLC ARQ. 
2. Discussion

2.1 Mechanisms for addressing reliability problem in HbH RLC ARQ 
In last meeting, reliability problem in HbH RLC ARQ was discussed. It was observed that “current specification cannot ensure data lossless delivery when IAB topology changes are performed without additional enhancements” in hop-by-hop ARQ, due to that NR PDCP recovery would not “resend those PDCP PDUs, which were already confirmed by the next IAB hop, although they could be lost further on the path and not reach the target (i.e. either the Access UE or Donor gNB), e.g. when topology change happens due to link failure on one of the subsequent hops.” [2] 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 E has confirmed the reception at the lower RLC layer. UE would then consider them successfully delivered and it would only resend the PDCP PDUs whose reception are not confirmed by the RLC layer. Therefore, HbH RLC ARQ could not guarantee the loss-less data delivery between UE and IAB donor once any RLC PDU is lost in the multi-hop backhaul due to RLC link failure. 
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Figure-1 An example of link failure in the multi-hop backhaul
To solve the reliability problem, three mechanisms were proposed. The first one is by the modification of PDCP protocol so that UE would resend a PDCP PDU once it receive a status report indicating its reception failure at the peer PDCP entity, even though the reception of that PDCP PDU has been confirmed by the lower RLC layer at UE side. In [1], it has been agreed that “support of legacy NR UEs” should be addressed as a basic requirement of IAB SID. It is not feasible for those Rel-15 UE to realize the enhancement on PDCP retransmission. Therefore, this mechanism is not the ideal solution for the reliability problem of HbH ARQ. 
Observation 1: Due to the basic requirement of “support of legacy NR UEs” in IAB SID, the first mechanism of PDCP modification is not the ideal solution for the reliability problem of HbH ARQ.  
The second mechanism addressing the HbH ARQ reliability problem is by “rerouting of PDCP PDUs (or RLC SDU) buffered on intermediate IAB-nodes in response to a route update”. That is, the intermediate IAB nodes would be responsible for resending the successfully received PDCP PDUs to the target (i.e. either the access UE or IAB donor) whenever a route update happens due to e.g. link failure, link degradation, node congestion, etc. For the example in Fig.1, when link failure occurs at radio link BC, IAB Node B would be responsible for rerouting the buffered successfully received PDCP PDU to IAB donor in uplink direction, and IAB Node C would be responsible for rerouting the buffered successfully received PDCP PDU to the UE in the downlink direction. Because only the intermediate IAB nodes need to be enhanced, there’s no enhancement required at UE side and legacy NR UEs could be support. 
Taking the IAB-node functions into consideration, the data retransmission could be implemented either at Adaptation layer of the IAB node if the RLC SDU is stored in the Adaptation layer before its delivery is confirmed by RLC layer; or at RLC layer of the IAB node which could be modified to store all RLC SDUs not delivered successfully for RLC recovery. Because Adaptation layer is a new layer introduced for IAB node, it would be more convenient to realize the data retransmissions at that layer. Also, there’s no change required to RLC layer. Based on these observation, it is suggested that data rerouting be implemented at Adaptation layer of the IAB node and the RLC SDU should be stored in the Adaptation layer before its delivery is confirmed by RLC layer. 
Observation 2: The second mechanism of “rerouting of PDCP PDUs (or RLC SDU) buffered on intermediate IAB-nodes” is an effective solution to address the HbH ARQ reliability problem.  
Proposal 1: Data rerouting should be implemented at Adaptation layer of the IAB node and the RLC SDU should be stored in the Adaptation layer before its delivery is confirmed by RLC layer. 
The third mechanism to solve the HbH ARQ reliability problem is by “implementing 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 method, the RLC confirmation status would be as same as that in the PDCP status report, and PDCP recovery could be used to recover that lost data whenever link failure occurs at any intermediate IAB node in the multi-hop backhaul.  However, this mechanism would make the HbH ARQ almost as same as E2E ARQ, and the advantages of HbH ARQ would disappear. For example, due to the much longer RTT caused by the large backhaul delay, the sliding window for RLC transmission could have to be significantly enlarged and a larger RLC SN space may be required. Otherwise, it is possible that the maximum RLC transmission window could be achieved at UE while the first transmitted RLC PDU still does not arrive at the IAB donor. In this case, UE would have to wait for the moving of stalling window for the new RLC transmissions. In another respect, a PDCP PDU would still be retransmitted from UE to donor in the PDCP recovery even though that PDU has already been delivered to the serving IAB node or some other intermediate IAB node successfully, and such an end-to-end retransmission would obviously cause much resource usage as same as that in E2E ARQ. Therefore, the third mechanism solves the reliability problem at the expense of most advantages of HbH ARQ, and it is not the ideal solution. 
Observation 3:  The third mechanism solves the reliability problem at the expense of larger specification impact and more resource consumption. It is not the ideal solution.
2.2 Methods for resending the buffered data 
In this section, we discuss how to support lossless DL and UL data forwarding respectively.

2.2.1 Data resending in DL direction

In the DL direction, the PDCP entity at IAB donor would not delete the sent PDCP PDU until its discarding timer expire. Hence, besides the direct rerouting from the intermediate IAB node who buffer the DL PDCP PDUs to the access UE, the buffered PDCP PDUs could also be resent by IAB Donor if it could acquire the information on which PDCP PDUs should be retransmitted. For the example in Fig. 1, when link failure occurs at radio link BC, instead of rerouting the buffered PDCP PDU to the UE by IAB Node C, the DL data delivery status could be reported from Node C to IAB donor so that IAB donor could be able to resend the PDCP PDUs buffered at Node C. The related information on the PDCP PDUs that need to be retransmitted should be contained in that report. 
A detailed flowcharts for the two methods of resending the buffered data at the intermediate IAB node are shown in Fig. 2a and Fig. 2b. As shown in Fig. 2a, a new route is configured by IAB donor after it receive a link-failure report from IAB Node C, and then the buffered data are resent from Node C to the UE. It should be noted the configured new route could go through the IAB donor if there’s no nearer path existing. In Fig.2b, a DL data delivery status is report from IAB Node C to donor so that the donor know which PDCP PDUs need to be retransmitted. After that, IAB donor would resend them directly through a new route from IAB donor to the UE. 
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(a) intermediate IAB node perform the DL PDCP PDU retransmissions
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(b) donor DU perform the DL PDCP PDU retransmissions
Figure-2 Potential methods for resending the buffered data at the intermediate IAB node in the DL direction

Proposal 2: For DL data forwarding, the intermediate IAB node could buffer and rerouting the PDCP PDUs to the access UE. Alternatively, the intermediate node may report a DL data delivery status containing the information on the buffered PDCP PDUs to IAB donor, which shall resend those PDCP PDUs from donor to access UE. 
2.2.2 Data resending in UL direction
Similarly, the potential methods for resending the buffered data at the intermediate IAB node in the UL direction are shown in Fig. 3. It should be noted that the failure at Link BC could also be reported by IAB Node B. As shown in the Fig. 3, the buffered PDCP PDU could be rerouted from IAB Node B to IAB donor if a new route could be configured for it. Alternatively, a UL data delivery status could be sent from IAB Node B to UE so that UE know which PDCP PDUs need to resend. And then the PDCP entity at UE side could resend them directly. However, as we mentioned before, this requires the enhancement of PDCP recovery from UE side, which is not feasible for R15 UE. Therefore, it is proposed that a new route from the intermediate node to IAB donor should be configured for rerouting the buffered data from the intermediate node to IAB donor in the UL direction.
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Figure-3 Potential methods for resending the buffered data at the intermediate IAB node in the UL direction
Proposal 3: For UL data forwarding, a new route from the intermediate node to IAB donor should be configured for rerouting the buffered data from the intermediate node to IAB donor in the UL direction.  
3. Conclusion

In this contribution, the mechanisms for addressing the reliability problem in HbH RLC ARQ have been discussed. And we have the following observations and proposals:

Observation 1: Due to the basic requirement of “support of legacy NR UEs” in IAB SID, the first mechanism of PDCP modification is not the ideal solution for the reliability problem of HbH ARQ.  
Observation 2: The second mechanism of “rerouting of PDCP PDUs (or RLC SDU) buffered on intermediate IAB-nodes” is an effective solution to address the HbH ARQ reliability problem.  

Observation 3:  The third mechanism solves the reliability problem at the expense of larger specification impact and more resource consumption. It is not the ideal solution.
Proposal 1: Data rerouting should be implemented at Adaptation layer of the IAB node and the RLC SDU should be stored in the Adaptation layer before its delivery is confirmed by RLC layer. 
Proposal 2: For DL data forwarding, the intermediate IAB node could buffer and rerouting the PDCP PDUs to the access UE. Alternatively, the intermediate node may report a DL data delivery status containing the information on the buffered PDCP PDUs to IAB donor, which shall resend those PDCP PDUs from donor to access UE. 
Proposal 3: For UL data forwarding, a new route from the intermediate node to IAB donor should be configured for rerouting the buffered data from the intermediate node to IAB donor in the UL direction.  
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