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1 Introduction
As discussed in previous RAN2 meetings, for RLC AM mode in IAB networks with architecture group 1, two ARQ modes, i.e. the hop-by-hop (HbH) ARQ and the end-to-end (E2E) ARQ are proposed as two possible solutions. Some observations are derived based on a preliminary comparison between the two ARQ modes [1] with respect to many aspects, e.g. latency, hop count limitation, complexity, specification impact, etc. In this contribution, we present some further consideration about the pros and cons of these two ARQ modes for Architecture 1a.
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2 
2.1 Disorder of data arriving in PDCP layer and consequent discarding


[bookmark: _Ref516585750][bookmark: OLE_LINK19]Figure 1. Problem of data discarding due to disorder of PDCP PDUs.
Since there is no reordering function in the RLC layer, each IAB node will forward correctly received RLC SDUs to the next hop directly, and these forwarded SDUs may be out of order. However, with the hop-by-hop ARQ, the transmitting side of the first hop which has a PDCP entity(e.g. UE or IAB donor), may transmit new packets (PDCP PDUs) continuously according to received RLC ACKs sent from the receiving side of the first hop. As a result, there is a risk that some successfully transmitted packets will be discarded by the peer PDCP entity in the receiving side of the last hop (e.g. DgNB or UE) if these packets arrive outside of the reordering window. 
As specified in [2], for the receiving PDCP entity, PDCP data PDUs outside the reordering window will be discarded directly, since the COUNT value of the these received PDCP data PDUs will be determined as a value which is less than RX_DELIV according to the HFN determination principles, and these PDCP data PDUs will be discarded directly because the condition RCVD_COUNT < RX_DELIV is met. 

[bookmark: _Toc517230089]5.2.2	Receive operation
[bookmark: _Toc517230090]5.2.2.1	Actions when a PDCP Data PDU is received from lower layers
…
At reception of a PDCP Data PDU from lower layers, the receiving PDCP entity shall determine the COUNT value of the received PDCP Data PDU, i.e. RCVD_COUNT, as follows:
-	if RCVD_SN < SN(RX_DELIV) – Window_Size:
-	RCVD_HFN = HFN(RX_DELIV) + 1.
-	else if RCVD_SN >= SN(RX_DELIV) + Window_Size:
-	RCVD_HFN = HFN(RX_DELIV) – 1.
-	else:
-	RCVD_HFN = HFN(RX_DELIV);
-	RCVD_COUNT = [RCVD_HFN, RCVD_SN].
After determining the COUNT value of the received PDCP Data PDU = RCVD_COUNT, the receiving PDCP entity shall:
-	perform deciphering and integrity verification of the PDCP Data PDU using COUNT = RCVD_COUNT;
-	if integrity verification fails:
-	indicate the integrity verification failure to upper layer;
-	discard the PDCP Data PDU;
-	if RCVD_COUNT < RX_DELIV; or
-	if the PDCP Data PDU with COUNT = RCVD_COUNT has been received before:
-	discard the PDCP Data PDU;

[bookmark: OLE_LINK18]For example, as shown in Figure 1, a multi-hop IAB network scenario is depicted. The No. N+1 PDCP PDU (i.e. the SN of the PDCP PDU is N+1) arrives at IAB node 2 out of order in the first hop, and it will be forwarded to the IAB donor via IAB node 1. However, when the No. N+1 PDCP PDU arrives at the IAB donor, it falls outside the range of the current reordering window which is still [1, N], and thus it will be discarded by the receiving PDCP entity although it is transmitted correctly across every hop.  This problem is more likely to occur, the greater the number of IAB hops. 
This packet discarding problem resulting from the disordering in IAB network may have at least two disadvantages. The first one is the wastage of radio link resource, due to the fact that the discarded packet has been forwarded successfully at every radio link between UE and IAB donor (including the access link, and all wireless backhaul links) but will still be discarded by the node with receiving PDCP entity. The second one is the risk of packet loss, which is similar to the data loss problem when the IAB topology changes as analysed in [3].  Because these discarded PDUs have been confirmed by the receiving node in the first hop, the transmitting PDCP entity will not resend these PDCP PDUs according to the current data recovery procedure specified in [2]. Even if PDCP layer retransmission can be used to mitigate such a drawback with some enhancement of the current PDCP specifications, backward compatibility with Rel-15 UEs can not be achieved.
	[bookmark: _Toc510395175]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.
After performing the above procedures, the transmitting PDCP entity shall follow the procedures in subclause 5.2.1.



Alternatively, if end to end ARQ is used, this packet discarding problem due to PDCP disordering can be avoided, due to the fact that the RLC ACK/NACK feedback is sent from the AM RLC entity in the node which also has a corresponding PDCP entity. For example, the transmitting PDCP entity can simply adjust its transmit window according to indications of successfully delivery of PDCP PDUs (or RLC SDUs) from the lower layer. Therefore, the PDCP entity of the transmit side won’t send PDUs whose SN is larger than the upper edge of the reordering window of the receiving side.  
Observation 1: Hop-by-Hop ARQ has a risk of discarding PDCP PDUs by the receiving PDCP entity due to out of reordering window issue. 
Observation 2: The problem of discarding PDCP PDUs due to disordering has two obvious drawbacks, i.e. wastage of radio link resources, and loss of these discarded PDCP PDUs.
Observation 3: End-to-end ARQ mode enables the avoidance of the discarding problem resulting from PDCP PDUs disordering in multi-hope IAB.
Based on the previous analysis and observations, the following TP which captures the issue in the RLC ARQ options comparison table is proposed for TR38.874.
3 Text Proposal 
<<TP start>>
[bookmark: _Toc517264652]8.2.3 	Multi-hop RLC ARQ
For RLC AM, ARQ can be conducted hop-by-hop along access and backhaul links (Figure 8.2-1b, c and 8.2-2). It is also possible to support ARQ end-to-end between UE and IAB-donor (Figure 8.2-1a). Since RLC segmentation is a just-in-time process it is always conducted in a hop-by-hop manner. The figures show example protocol stacks and do not preclude other possibilities.
The study includes hop-by-hop and end-to-end RLC ARQ. 
The type of multi-hop RLC ARQ and adaptation-layer placement have the following interdependence:
· End-to-end ARQ: Adaptation layer is integrated with MAC layer or placed above MAC layer
· Hop-by-hop ARQ:  No interdependence

End-to-end reliability requires further study.


Observations for end-to-end and hop-by-hop ARQ

	Metric
	Hop-by-hop RLC ARQ
	End-to-end RLC ARQ

	Forwarding latency
	Potentially higher as packets have to pass through RLC-state machine on each hop.
	Potentially lower as packets do not go through the RLC state machine on intermediate IAB-nodes.

	Latency due to retransmission
	Independent of number of hops
	Increases with number of hops

	Capacity
	Packet loss requires retransmission only on one link. Avoids redundant retransmission of packets over links where the packet has already been successfully transmitted.
	Packet loss may imply retransmission on multiple links, including those where the packet was already successfully transmitted. 

	Hop count limitation due to RLC parameters
	Hop count is not affected by max window size.

	Hop count may be limited by the end-to-end RLC latency due to max window size.

	Hop count limitation due to PCDP parameters
	Hop count may be limited by increasing disorder of PDCP PDUs over sequential RLC ARQ hops. This may increase probability to exceed max PDCP window size.
	Hop count does not impact disorder of PDCP PDUs due to RLC ARQ. 

	Processing and memory impact on intermediate IAB-nodes
	Larger since processing and memory is required on intermediate IAB-nodes. 
	Smaller since intermediate path-nodes do not need ARQ state machine and flow window.

	RLC specification impact
	No stage-3 impact expected
	Potential stage-3 impact 

	Operational impact for IAB-node to IAB-donor upgrades
	IAB-nodes and IAB-donors use the same hop-by-hop RLC ARQ. As a result, this functionality is completely unaffected by the upgrade of IAB-node to IAB-donor at availability of fiber, potentially reducing the effort required to confirm proper operation. 
	End-to-end RLC ARQ results in a greater architectural difference between IAB nodes vs. IAB donor nodes. As a result, additional effort may be required to complete an upgrade of an IAB node to an IAB donor upon availability of fiber.

	Configuration complexity
	RLC timers are not dependent on hop-count.
	RLC timers become hop-count dependent. 

	Lossless delivery of UL data during topology change (e.g. failure of radio link between IAB nodes)
	Current specification cannot ensure data lossless delivery when IAB topology changes are performed without additional enhancements (examples listed below).
	Lossless delivery ensured due to end to end RLC feedback.

	Discarding of PDCP PDUs due to disordering
	Has a risk of discarding PDCP PDUs by the receiving PDCP entity due to out of reordering window issue. May cause data loss as well as radio resource wastage.
	The discarding of PDCP PDUs due to disordering can be avoided with the end to end RLC feedback.



The issue of 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).
· Introducing 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.
<<TP end>>

4 Conclusion
In this contribution, some further analysis and comparison about the hop-by-hop ARQ and E2E ARQ for Architecture 1a, and we get the following observations and proposals:
Observation 1: Hop-by-Hop ARQ has a risk of discarding PDCP PDUs by the receiving PDCP entity due to out of reordering window issue. 
Observation 2: The problem of discarding PDCP PDUs due to disordering has two obvious drawbacks, i.e. wastage of radio link resources, and loss of these discarded PDCP PDUs.
Observation 3: End-to-end ARQ mode enables the avoidance of the discarding problem resulting from PDCP PDUs disordering in multi-hope IAB.
[bookmark: OLE_LINK15]Proposal 1: Agree the proposed TP to including the discarding PDCP PDUs problem due to disordering in the comparison table about the RLC ARQ mode.
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