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1 Introduction
In the WID of integrated access and backhaul for NR [1], some L2 enhancement including lossless data delivery should be supported.
· Specification of enhancements to L2 wireless transport [RAN2-led, RAN3]:
·  …. 
· Specification of mechanisms to enable lossless delivery in hop-by-hop ARQ.
As discussed in the study item phase, hop-by-hop ARQ cannot ensure lossless data delivery of UL data at some certain scenarios, e.g. when IAB topology changes are performed after backhaul link failure, or when inter-CU handover happens. Enhancement to solve such problem has been included in the WID. A large number of solutions have been proposed in the study item phase, as listed in [2], they can be classified as three kinds:
 · Modification of PDCP protocol/procedures. This mechanism would not be applicable to Rel-15 UEs which means that Rel-15 UE performance may be impaired;
· When either PDCP data recovery / PDCP re-establishment is triggered by RRC or PDCP status report is received, UE retransmits UL data irrespective of whether successful delivery has been confirmed by RLC;
· 	New field may be included in the RRC message or PDCP status report in order to indicate, whether the UE performs UL data retransmission regardless of confirmation of successful delivery by RLC.
· Rerouting of PDCP PDUs buffered on intermediate IAB-nodes in response to a route update:
· UL data is buffered on IAB-node(s) until the IAB-node receives from its parent node either information about UL data, which has been successfully delivered to IAB-donor, or RLC positive ACK;
· When forwarding path is (re)configured, the buffered data is retransmitted by the IAB-node that is either the last unchanged node in the new path or where backhaul-link failure occurs.
· [bookmark: OLE_LINK22]Introducing UL status delivery (from the Donor gNB to the IAB-node):
· One way is that UE’s access IAB-node delays the sending of RLC positive ACKs to UE until receiving a confirmation of data reception from IAB-donor. Another way is that an IAB-node delays the sending of RLC positive ACKs to its child node or UE until receiving RLC positive ACKs from its parent node;
· When PDCP data recovery / PDCP re-establishment is triggered by RRC, UE retransmits UL data as in the current specifications.

In this contribution, mechanisms to ensure lossless data delivery in hop-by-hop ARQ without standardization impact to R15 UEs will be further analysed.
2 [bookmark: OLE_LINK16][bookmark: OLE_LINK17]Discussion
To address the lossless data delivery for UL transmission, two aspects are necessary to be discussed: one is feedback, the other one is retransmission. In the following part, more details about the two aspects will be analysed.
At first, we need to clarify that the feedback is used for the IAB node to do retransmission and buffer management, which means that an IAB node will buffer those packets with negative feedback (or Negative Acknowledgement, NACK) and do retransmission if necessary, and it will discard the packets which are indicated by positive feedback (or Acknowledgement, ACK).
2.1 Which layer is responsible for the feedback?
Among the candidate solutions, two layers are proposed to carry the feedback, one is RLC layer, the other one is the adaptation layer. In fact, the RLC layer feedback, i.e. RLC status report, has been supported already. While for the adaptation layer feedback, it requires parent node sending adaptation layer status report to IAB node, the mentioned adaptation layer status report will provide feedback information about the receiving status in the IAB donor. To enable the adaptation layer entity in parent node generating a status report, there should be some sequence number(SN) which is visible to adaptation layer entity. Although the PDCP SN is carried in each PDCP data PDU, it is hard for the adaptation layer to read the PDCP SN since the PDCP PDU will be encapsulated by F1*-U protocol stacks (e.g. GTP/UDP/IP) and the F1*-U may be protected between the IAB donor and the access IAB node. If a new SN being added in adaptation layer, it requires more standardization efforts and makes the adaptation layer becomes more complicated.
Observation 1: Adaptation layer status report about the receiving status requires adaptation layer sequence number, which increases the complexity of adaptation layer’s operation and results in more standardization efforts.
Proposal 1: For HbH RLC ARQ, adaptation layer status report to feedback the receiving status is NOT introduced.
2.2 What does the feedback mean? 
Basically, with hop-by-hop ARQ, the RLC feedback of uplink transmission is used to indicate the receiving status of RLC SDUs in IAB node’s parent node. Furthermore, among the solutions to ensure UL lossless data delivery, some variants have been proposed to enhance the RLC feedback, e.g. for each link, the RLC ACK is delayed to be sent until the packet (RLC SDU) is acknowledged by the IAB donor. Thus, for each IAB node, the received RLC feedback means the receiving status of RLC SDUs in IAB donor.
Both of the two above meanings about RLC feedback are suit for ensuring lossless data transfer. The only difference between them is about how many nodes has the copy of packets which may need to be retransmitted via new route after IAB topology changing.


[bookmark: _Ref536632491]Figure 1. Examples about the buffer management relies on RLC feedback 
Assume that the received RLC feedback is used for the IAB node to do retransmission and buffer management. As shown in Figure 1–(a), if the RLC feedback means the receiving status of parent node, the copy of a packet (RLC SDU) which is able to be retransmitted through new route only be kept in one node of the transmission route, i.e. either the current IAB node or the parent node. As a result, there is a risk that the only IAB node, which has the copy of packet, becomes an isolated node after the IAB topology changing, and then the lossless data delivery won't be ensured.
As shown in Figure 1–(b), if the RLC feedback means the receiving status of IAB donor, multiple nodes will keep the copy of a packet which may need to be retransmitted, i.e. all the nodes in a  path from UE to IAB donor (including multiple IAB nodes as well as UE) will keep the RLC SDU until receiving a corresponding RLC ACK. Therefore, compared to the previous case, it is more robust to find a node to retransmit those RLC SDUs which have not been ACKed by IAB donor when IAB topology changes, with the corresponding cost of more buffer consuming to keep multiple copies in multiple nodes. Then, we can see that this case outperforms the previous one since it can always ensure real lossless data transmission for uplink.
Observation 2: The feedback can mean either the receiving status of the parent node, or the receiving status of IAB donor. The previous case has a risk of that the IAB node buffering the only copy becomes an isolated node, while the latter case can ensure real lossless data delivery at the cost of more buffer consuming.
Proposal 2: In backhaul link, the RLC layer feedback indicates the receiving status of the IAB donor, for UL lossless data delivery.
2.3 Which node is involved to do the retransmission?
Based on  the proposed solution B) in the study item phase, i.e. Rerouting of PDCP PDUs buffered on intermediate IAB-nodes in response to a route update. Intermediate IAB node is responsible for the retransmission to ensure UL lossless data delivery.
If the topology of IAB network is changed, the last unchanged IAB node in the new route between UE and IAB donor, i.e. the IAB node which is the nearest one towards IAB donor among those common nodes exist in both the old route and the new route, is preferred to do UL retransmission of packets which have not been ACKed by the IAB donor. For example, as shown in Figure 2, the old route is UE-IAB3-IAB2-IAB1-IAB donor, the new route is UE-IAB3-IAB2-IAB4-IAB donor, the last unchanged node is IAB2. Such choice will avoid the unnecessary retransmission of the previous links.


Figure 2. An example scenario of IAB topology changing.
[bookmark: OLE_LINK21]For the last unchanged IAB node, its Adaptation layer entity may be responsible for UL retransmission. Two possible solutions can be adopted to enable such operation. 
· The first one is that adaptation layer maintains Adapt PDUs/SDUs in its buffer even if these Adapt PDUs/SDUs have been delivered to lower layer, until receiving indicators from lower layer (RLC layer) about successfully delivery. If IAB topology is changed, the Adapt entity will maintain the buffered Adapt PDUs(or Adapt SDUs) and forward them through new route towards IAB donor. Such solution may somehow requires the Adaptation layer has data buffer capability and more standardization works about the behavior of an Adaptation entity when BH link topology change occurs.  
· The second one does not require Adapt layer maintains Adapt PDUs/SDUs in its buffer after delivering to lower layer, but the RLC entity of this IAB node should deliver back those RLC SDUs, which have node been ACKed in any received RLC feedback, to Adapt entity before the RLC entity been re-established when backhaul RLF occurs. Then, Adapt entity will forward those RLC SDUs to IAB donor through new route after completion of backhaul re-establishment. Such operation will require enhancement of RLC layer in backhaul link. This solution requires modification about the behavior of the current transmitting AM RLC entity.
Observation 3: Although the adaptation layer in the last unchanged IAB node in the new route is able to do the retransmission after IAB topology changing, more standardization works are inevitable either for the adaptation layer specification or for the RLC specification.
For some possible scenarios, the last unchanged node does not have the packets which need to be transmitted through new route towards IAB donor (e.g. the Adaptation layer does not maintains buffer, and RLC entity won't deliver back un-ACKed RLC SDUs ), then PDCP layer of UE can retransmit those packet according to receiving status of IAB donor. This solution belongs to one method of solution C), i.e. Introducing UL status delivery (from the Donor gNB to the IAB-node).  According to the current PDCP specification[3] shown in the following textbox, the network side can trigger the PDCP data recovery / PDCP re-establishment to UE to enable its PDCP entity do retransmission. We can see that such option has no impact on the UE’s behavior, the network side can decide to trigger the PDCP data recovery or the PDCP re-establishment after the BH topology changes without standardization impact. 
[bookmark: _Toc525809069] 5.1.2	 PDCP entity re-establishment
When upper layers request a PDCP entity re-establishment, the UE shall additionally perform once the procedures described in this section. After performing the procedures in this section, the UE shall follow the procedures in subclause 5.2.
When upper layers request a PDCP entity re-establishment, the transmitting PDCP entity shall:
…
-	for AM DRBs, from the first PDCP SDU for which the successful delivery of the corresponding PDCP Data PDU has not been confirmed by lower layers, perform retransmission or transmission of all the PDCP SDUs already associated with PDCP SNs in ascending order of the COUNT values associated to the PDCP SDU prior to the PDCP entity re-establishment as specified below:
-	perform header compression of the PDCP SDU as specified in the subclause 5.7.4;
-	perform integrity protection and ciphering of the PDCP SDU using the COUNT value associated with this PDCP SDU as specified in the subclause 5.9 and 5.8;
-	submit the resulting PDCP Data PDU to lower layer, as specified in subclause 5.2.1.
…
[bookmark: _Toc525809081]5.5	Data recovery
For AM DRBs, when upper layers request a PDCP data recovery for a radio bearer, the transmitting PDCP entity shall:
-	perform retransmission of all the PDCP Data PDUs previously submitted to re-established or released AM RLC entity in ascending order of the associated COUNT values for which the successful delivery has not been confirmed by lower layers, following the data submission procedure in subclause 5.2.1.
After performing the above procedures, the transmitting PDCP entity shall follow the procedures in subclause 5.2.1.


It is worth noting that such solution C) will make sense when the RLC feedback means the receiving status of IAB donor. More details (e.g. the RLC feedback mechanism, etc.) about this solution c) are still needs to be studied.
Observation 4: If the RLC feedback means the receiving status of IAB donor, the PDCP layer of UE can retransmit PDCP SDUs which have not been successfully received by IAB donor.
Proposal 3: UE’s PDCP performs the retransmission for UL lossless data delivery, when IAB topology changes.
Proposal 4: RAN2 agrees to introduce UL status delivery from the donor gNB to the IAB-node, i.e. option C.
3 Conclusion
[bookmark: OLE_LINK95][bookmark: OLE_LINK96]This paper mainly discusses how to ensure lossless data delivery for UL transmission with hop-by-hop ARQ. Based on the above discussion, we have the following observations and proposals:
Observation 1: Adaptation layer status report about the receiving status requires adaptation layer sequence number, which increases the complexity of adaptation layer’s operation and results in more standardization efforts.
Observation 2: The feedback can mean either the receiving status of the parent node, or the receiving status of IAB donor. The previous case has a risk of that the IAB node buffering the only copy becomes an isolated node, while the latter case can ensure real lossless data delivery at the cost of more buffer consuming.
Observation 3: Although the adaptation layer in the last unchanged IAB node in the new route is able to do the retransmission after IAB topology changing, more standardization works are inevitable either for the adaptation layer specification or for the RLC specification.
Observation 4: If the RLC feedback means the receiving status of IAB donor, the PDCP layer of UE can retransmit PDCP SDUs which have not been successfully received by IAB donor.
Proposal 1: For HbH RLC ARQ, adaptation layer status report to feedback the receiving status is NOT introduced.
Proposal 2: In backhaul link, the RLC layer feedback indicates the receiving status of the IAB donor, for UL lossless data delivery.
Proposal 3: UE’s PDCP performs the retransmission for UL lossless data delivery, when IAB topology changes.
Proposal 4: RAN2 agrees to introduce UL status delivery from the donor gNB to the IAB-node, i.e. option C.
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