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1. Introduction
A new study item on Integrated Access and Backhaul (IAB) for NR was approved in RAN#75 [1]. The motivation is to support wireless backhaul and relay links enabling flexible and very dense deployment of NR cells without the need for densifying the transport network proportionately. 
In last meeting, it had been proposed that RLC ARQ could be implemented in IAB in either end-to-end or hop-by-hop mode, and some details on them were discussed intensively [2]. In this paper, we will provide a comparison between the two ARQ modes, and give some proposal based on that. 
2. Discussion
2.1 Review on end-to-end and hop-by-hop ARQ 
In an IAB network, RLC ARQ could be implemented in either end-to-end or hop-by-hop mode. The examples of protocol stacks for hop-by-hop and end-to-end ARQ are shown in Fig.1a) and Fig.1b), separately. 
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Figure 1: Protocol stack examples for L2-relaying with Adapt above or integrated with MAC layer and terminated at Donor DU: 1a) hop-by-hop ARQ, 1b) end-to-end ARQ (Hi-RLC refers to ARQ, Lo-RLC to RLC segmentation) [2]
As shown in Fig.1a), each node including UE, IAB donor and the intermediate IAB nodes should have a full ARQ transmitting and receiving function in hop-by-hop ARQ, and a complete ARQ process should be performed independently in each radio hop. That is, all nodes including UE, IAB donor and the intermediate IAB nodes would feedback RLC status reports to the transmitting side in each hop, which would then retransmit RLC SDUs or RLC SDU segments based on those reports. 
While in end-to-end ARQ as shown in Fig.1b), a single ARQ process is performed between UE and IAB donor and each of the intermediate IAB nodes between them would only have some low-layer RLC function, e.g. segmentation. In this mode, RLC status report would only be exchanged between UE and IAB donor, and each of the RLC retransmissions would go through all the radio hops between them. Therefore, RLC sequence numbering is also only performed at UE and IAB donor although the intermediate IAB nodes could perform segmentation to the transferred RLC PDUs. 
2.2 Standard impact of end-to-end and hop-by-hop ARQ
In hop-by-hop ARQ, since each intermediate IAB node has a full RLC function, each hop could perform ARQ process independently as same as in the Uu interface of NR system. RLC layer could have the exactly same function as that described in NR specifications. Hence, it has no impact to NR standard at RLC layer. 
Observation 1: Hop-by-hop ARQ has no standard impact on RLC Layer. 
In [3], it has been proposed that “hop-by-hop RLC ARQ does not guarantee lossless transfer” due to that “UE does not know about multiple hops and will deliver the acknowledgment to PDCP layer which will discard the PDCP SDU”. However, according to TS 38.323, “the transmitting PDCP entity shall discard the PDCP SDU along with the corresponding PDCP Data PDU” only when “the discardTimer expires for a PDCP SDU, or the successful delivery of a PDCP SDU is confirmed by PDCP status report”. Hence, there’s no PDCP discarding based on RLC acknowledgment. 
In Architecture 1a, there are multiple radio hops between UE and IAB donor. Due to the long RTT caused by the multiple radio hops, a larger discardTimer should be configured at the PDCP entities based on the total number of hops. For Architecture 2a, since each IAB node also has a PDCP entity, each hop would have an independent PDCP bearer and multi-hop IAB relaying would not have any impact on PDCP layer at all.  
As a result, hop-by-hop ARQ has little standard impact on PDCP Layer. 
Observation 2: PDCP SDU would NOT be discarded due to the reception of RLC acknowledgment. And hop-by-hop ARQ has little standard impact on PDCP Layer. 
As mentioned above, RLC PDUs and RLC status reports are delivered through a multi-hop link in end-to-end ARQ, and the sequence numbering of RLC SDUs is only performed at either UE in uplink or IAB donor in downlink. Other intermediate IAB nodes would only transfer the received RLC PDU with or without further segmentation. Because multi-hop link could have a much longer RTT compared with single-hop link, the sliding window for RLC transmission could have to be significantly enlarged and a larger RLC SN space may be required. Otherwise, RLC transmission may be affected by the small transmission window, and some extra delay would be resulted. For example if the sliding window is very small, 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. 
Observation 3: In end-to-end ARQ, sliding window for RLC transmission should be significantly enlarged and a larger RLC SN space may be required.
Besides, RLC timers should also be configured with a larger value due to the longer RTT caused by multi-hop links in end-to-end ARQ.  According to TS 38.322, RLC layer has three timers whose values need to be configured by RRC: 
a) t-PollRetransmit is “used by the transmitting side of an AM RLC entity in order to retransmit a poll”.
b) t-Reassembly is “used by the receiving side of an AM RLC entity and receiving UM RLC entity in order to detect loss of RLC PDUs at lower layer”.
c) t-StatusProhibit is “used by the receiving side of an AM RLC entity in order to prohibit transmission of a STATUS PDU”.
As RTT of multi-hop links is enlarged with the hop number, all the three timers have to be configured with the increased values according to the number of hops. 
Observation 4: In end-to-end ARQ, RLC timers should be configured with the increased values according to the number of hops. 
Moreover, when one of the multiple hops in the end-to-end ARQ is broken, both UE and IAB donor would not be able to receive any RLC status report. For example, UE detects that maximum retransmission number is reached and it may regard RLF occur with its serving IAB node. However, the RLF may be in fact due to an intermediate IAB node and it is difficult to know which hop is broken in the multi-hop chain based on current NR specifications. Hence, radio link monitoring has to be enhanced for the identification of the broken hop.   
Observation 5: In end-to-end ARQ, radio link monitoring has to be enhanced for the identification of the broken hop. 
Finally, when one hop is broken in end-to-end ARQ, handover or route switch would be performed to recover the RLC transmissions. During this recovery process, some new IAB nodes might be involved in the traffic relaying. However, the RLC variables at the new IAB nodes would not match the RLC variables of the old IAB nodes if only a RLC reestablishment is performed. To solve the problem, some extra RLC procedures need to be considered to notify the related information to the new IAB nodes. 
Observation 6: In end-to-end ARQ, standard need to be enhanced to notify the related information of RLC variables to the new IAB nodes during HO or route switch. 
In a sum, end-to-end ARQ may requires further enhancement in RLC SN space, RLC timer configuration, radio link monitoring, and RLC variables’ notification. These changes apparently lead to significant standard impact at RLC layer and require lots of efforts in future standardization. 
Observation 7: End-to-end ARQ has significant standard impact at RLC layer and requires lots of efforts in future standardization.  
2.3 Performance comparison between end-to-end and hop-by-hop ARQ
The difference between the average experienced latency of hop-by-hop ARQ and end-to-end ARQ mechanism has been derived [6] as 
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where n is the number of radio hops between IAB donor and UE, p is the error probability of each link, Tsimple is the processing delay for RLC PDU in each light IAB node with MAC and Lo-RLC as shown in Fig. 1b), Tfull is the processing delay in each IAB node with full RLC stacks as shown in Fig. 1a). 
The difference between Tsimple and Tfull at each IAB node comes from the segment assembling of RLC SDU. It consists of two parts: one is the delay caused by reassembling action itself, and the other is the waiting time to collect all the segments of a same RLC SDU.  It should be noted that for a RLC SDU who is not segmented in the backhaul links, Tfull =Tsimple and the overall latency of hop-by-hop ARQ is even smaller than end-to-end ARQ in that case. Because backhaul links should be specially designed to support high spectrum efficiency, it is likely that UL/DL grant with larger TB size are allocated. Thus, the proportion of RLC SDUs who are segmented in the backhaul links could be very small. For example, when RLC aggregation is applied, only the last RLC SDU in an aggregated RLC SDU could be segmented. Therefore, although the segments’ assembling at each hop could bring extra delay in hop-by-hop ARQ compared with end-to-end ARQ, its impact to average delay is not significant due to the low segmentation proportion of RLD SDUs at backhaul links. As a result, the difference of average overall delay between hop-by-hop ARQ and end-to-end ARQ could be not significant at all. 
Observation 8: The difference between the average latency of hop-by-hop ARQ and end-to-end ARQ comes from segment assembling of RLC SDU. Since the proportion of RLC SDUs that are segmented might be very small, that delay difference may be not significant.  
Moreover, it should be noted that Eq.(1) underestimates the average delay of end-to-end ARQ because a same waiting time Tw in receiving node corresponding to the setting of reassemble timer t-Reassembly is used for both hop-by-hop and end-to-end ARQ in the derivation. However, since RLC PDUs and RLC status reports are delivered through a multi-hop link in end-to-end ARQ, a longer waiting time Tw’ should be used in the calculation. In the case of single hop, t-Reassembly should be configured based on HARQ RTT, maximum retransmission number of HARQ, and the scheduling time difference between HARQ processes. When the end-to-end ARQ with a multi-hop link is considered, t-Reassembly should be configured taking into account the HARQ RTT of multiple hops. As a result, the detection timer t-Reassembly should be increased proportionally with the number of hops. Hence, the waiting time Tw’ corresponding to the setting of reassemble timer t-Reassembly used for end-to-end ARQ should be n times Tw, where Tw is the waiting time in receiving node corresponding to the setting of reassemble timer t-Reassembly in each hop of hop-by-by ARQ. This apparently would significantly enlarge the overall delay of end-to-end ARQ due to the large value of Tw itself compared with the value of Tfull. 
Observation 9: The waiting time corresponding to the setting of reassemble timer t-Reassembly used for end-to-end ARQ should be larger. This would significantly enlarge the overall delay of end-to-end ARQ due to the large value of Tw itself compared with the value of Tfull. 
On the other hand, in end-to-end ARQ retransmissions are also performed in the end-to-end manner. Even when a RLC SDU is only not correctly received at the last hop, retransmissions have to go through all the radio hops from one end to the other end. This would obviously cause more resource usage compared with hop by hop ARQ.
Observation 10: End-to-end ARQ needs more resource due to that retransmissions also have to be performed end-to-end.
2.4 Comparison of end-to-end and hop-by-hop ARQ
The following table give a complete comparison between end-to-end and hop-by-hop ARQ in all the respects discussed above.  
Table-1 Comparison of end-to-end and hop-by-hop ARQ
	
	
	Hop-by-hop ARQ
	End-to-end ARQ

	Standard
Impact
	Require a larger sliding window for RLC transmission and a larger RLC SN space
	No
	Yes

	
	Require larger RLC timer configuration
	No
	Yes

	
	Require radio link monitoring enhancement
	No
	Yes

	
	Require notification of RLC variables to the new IAB nodes during HO or route switch
	No
	Yes

	Performance
	End-to-end delay between UE and IAB donor
	Large
	Large

	
	Resource consumption
	Medium
	Large


As shown in the table, end-to-end ARQ has more standard impact. In addition, a larger value should be configured for the re-assemble timer t-Reassembly due to the large end-to-end RTT, and end-to-end ARQ would have a large waiting time corresponding to it whenever transmission error happens. Hence although end-to-end delay could save the segment resembling time at each intermediate IAB nodes, the overall delay is still large.
On the contrary, hop-by-hop ARQ has no impact to the standard. And the delay caused by segment assembling in hop-by-hop ARQ is in fact not significant due to the low ratio of SDU segmentation in backhaul links. As a conclusion, Hop-by-hop ARQ should be chosen in IAB taking account of both standard impact and performance. 
Proposal 1: Taking into account of both standard impact and performance, hop-by-hop ARQ should be chosen in IAB. 
3. Conclusion
In this contribution, we provide a comparison between the hop-by-hop and end-to-end ARQ. And we have the following observations and proposals:
Observation 1: Hop-by-hop ARQ has no standard impact on RLC Layer. 
Observation 2: PDCP SDU would NOT be discarded due to the reception of RLC acknowledgment. And hop-by-hop ARQ has little standard impact on PDCP Layer. 
Observation 3: In end-to-end ARQ, sliding window for RLC transmission should be significantly enlarged and a larger RLC SN space may be required.
Observation 4: In end-to-end ARQ, RLC timers should be configured with the increased values according to the number of hops. 
Observation 5: In end-to-end ARQ, radio link monitoring has to be enhanced for the identification of the broken hop. 
Observation 6: In end-to-end ARQ, standard need to be enhanced to notify the related information of RLC variables to the new IAB nodes during HO or route switch. 
Observation 7: End-to-end ARQ has significant standard impact at RLC layer and requires lots of efforts in future standardization. 
Observation 8: The difference between the average latency of hop-by-hop ARQ and end-to-end ARQ comes from segment assembling of RLC SDU. Since the proportion of RLC SDUs that are segmented might be very small, that delay difference may be not significant.  
Observation 9: The waiting time corresponding to the setting of reassemble timer t-Reassembly used for end-to-end ARQ should be significantly larger.  This would significantly enlarge the overall delay of end-to-end ARQ due to the large value of Tw itself compared with the value of Tfull. 
Observation 10: End-to-end ARQ needs more resource due to that retransmissions also have to be performed end-to-end. 
Proposal 1: Taking into account of both standard impact and performance, hop-by-hop ARQ should be chosen in IAB. 
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