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1
Introduction
In this contribution MAC adaptation layer based IAB is compared to RLC adaptation layer based IAB.
2
MAC adaptation layer
L2 relaying solution called MAC adaptation layer based IAB is described in [1]. MAC adaptation layer based IAB enables UE context to be visible also in intermediate hops for multi-hop IAB to facilitate optimal UE aware scheduling in all hops.
In the similar way as logical channels of one UE are multiplexed together into one transport channel, with MAC adaptation layer based IAB, different UEs’ MAC SDUs as well as traffic terminated in the IAB node (MAC SDUs targeted to IAB node) are aggregated/multiplexed over the IAB air interface into the same transport channel. UE specific RLC layer is visible also in intermediate IAB nodes in the case of multi-hop IAB. Demultiplexing of different UEs’ logical channels (MAC SDUs) is simpler when the UE ID is in the MAC header (similar to LCID) or added by adaptation layer just above MAC. 

3
Comparison of MAC adaptation vs. RLC adaptation
In this section L2 relaying based IAB schemes with MAC adaptation layer and with RLC adaptation layer are compared.
3.1
Multiplexing/demultiplexing of UE bearers/RLC channels
In the similar way as logical channels of one UE are multiplexed together into one transport channel, with MAC adaptation layer based IAB, different UEs’ MAC SDUs as well as traffic terminated in the IAB node (MAC SDUs targeted to IAB node) are aggregated/multiplexed over the IAB air interface into the same transport channel (IAB transport channel). For multiplexing different UEs’ traffic, a UE ID needs to be added into MAC header in addition to logical channel ID (LCID). Alternatively, the UE ID can be added in a separate adaptation layer above MAC.

Figure 1 shows a possible MAC PDU structure where UE id is added to each MAC SDU and thus LCID is kept as UE specific and there is no need to define new mapping between UE bearers/RLC channels and IAB bearers/RLC channels.
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Figure 1: MAC PDU structure with MAC adaptation layer

With RLC adaptation layer, LCID is IAB specific and therefore adaptation layer above RLC has to add in addition to UE id also a bearer/RLC channel id.

Observation 1: MAC adaptation layer has lower overhead in comparison to RLC adaptation layer.

Figure 2 illustrates the donor gNB downlink layer 2 structure for the backhaul link with MAC adaptation layer. The same MAC scheduler is handling logical channels for access UEs (UEm in Figure 2) and logical channels for UEs served by an IAB node (UE1..UEn in Figure 2). With the MAC adaptation layer based IAB, the MAC scheduler is handling normal UE specific logical channels (or UE specific RLC queues), instead of IAB node specific aggregated logical channels (or IAB specific aggregated RLC channels). This simplifies the MAC scheduler design. Routing can be implemented together with the scheduler and its role is simply to decide into which MAC PDU/transport channel the UE specific logical channel is multiplexed.
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Figure 2: Downlink Layer 2 structure of Donor gNB with MAC adaptation layer
Downlink Layer 2 structure with RLC adaptation layer is shown in Figure 3. With RLC adaptation layer, a new mapping/multiplexing function is added above RLC which maps/multiplexes UE specific RLC channels into IAB specific RLC channels. This mapping function has to be QoS aware and it has to be standardised. Furthermore, the MAC scheduler is now handling both UE specific logical channels (for access UEs served by the node) and IAB specific logical channels. Therefore, new scheduler design is needed.
Observation 2: RLC adaptation layer requires standardisation of new QoS aware mapping/multiplexing function which multiplexes UE specific RLC channels into IAB specific RLC channels.

Observation 3: MAC scheduler with RCL adaptation layer requires new design since the scheduler handles both individual access UEs as well as aggregated IAB UEs whereas with MAC adaptation layer, the scheduler handles normal individual UE queues.
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Figure 3: Downlink Layer 2 structure of Donor gNB with RLC adaptation layer

Figures 4 and 5 show the Layer 2 structure of IAB node with MAC adaptation and with RLC adaptation, respectively. With MAC adaptation (Figure 4), the received MAC PDU is demultiplexed in the IAB node UE part into UE specific RLC PDUs and the MAC scheduler in the IAB node DU part forwards these RLC PDUs. There is no need for reassembly of segmented RLC SDUs before forwarding them but RLC entity may re-segment some RLC SDUs if needed for the next hop. Thus, the IAB node processing is minimized with MAC adaptation.
Observation 4: With MAC adaptation RLC SDU segments can be forwarded without reassembly which minimizes latency.
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Figure 4: Layer 2 structure of IAB node with MAC adaptation layer
Layer 2 structure of IAB node with RLC adaptation layer is shown in Figure 5. When a MAC PDU is received by the UE part of the IAB node, it is demultiplexed into IAB specific RLC PDUs. If the RLC PDU contains a segment of RLC SDU, it has to be buffered to wait the other segments since the RLC SDU has to be reassembled before it can be delivered to adaptation layer above the RLC. Adaptation layer demultiplexes RLC SDUs into UE specific adaptation layer buffers. IAB node DU part processes these UE specific adaptation layer PDUs and maps them to next hop IAB specific RLC channels. 
Observation 5: With RLC adaptation RLC SDU has to be reassembled before delivering it to adaptation layer and before forwarding it.

Observation 6: More complex IAB node processing is needed with RLC adaptation layer.
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Figure 5: Layer 2 structure of IAB node with RLC adaptation layer
3.2
Scheduling
Scheduling complexity: Scheduling with RLC adaptation layer happens in two parts: mapping of UE specific RLC channels to IAB RLC channels is a scheduling decision where the prioritization between different UEs and bearers multiplexed to the backhaul RLC channels is done. The MAC scheduler then prioritizes between access UE RLC channels and IAB RLC channels. Due to this two part scheduling/mapping, RLC preprocessing for uplink traffic is not possible before receiving UL grant.
Observation 7: Scheduling with RLC adaptation layer is split into two parts: mapping of UE RLC channels to IAB RLC channels (prioritizing different UEs and bearers) above RLC and normal MAC scheduling (prioritizing access UEs and IAB nodes).

Observation 8: RLC preprocessing is not possible in UE part of the IAB node before receiving the UL grant.
Scheduling performance: When a MAC scheduler in a normal gNB-DU makes scheduling decisions, it has visibility to all UE’s queues (DRBs and SRBs). When Donor gNB-DU or an intermediate IAB-DU, in case of multi-hop topology, makes scheduling decisions, it is beneficial to have visibility to all individual UE queues, i.e., not just treat traffic going to an IAB Node as a fat pipe. MAC adaptation layer based IAB provides full UE visibility in each node: each bearer (logical channel) of each UE has separate queues in each node even in case of multi-hop IAB.

Observation 9: MAC adaptation layer based IAB provides full UE and bearer visibility in each node for optimised MAC scheduling.

3.3
End-to-end vs. hop-by-hop RLC ARQ

As discussed earlier, RLC layer in the IAB node is UE specific for MAC adaptation whereas RLC layer is IAB specific for RLC adaptation. This has some implications on the RLC ARQ operation. MAC adaptation layer can use end-to-end RLC ARQ whereas with RLC adaptation layer the RLC ARQ has to be hop-by-hop. 
End-to-end RLC ARQ has the benefit that acknowledgement comes from the final receiver in the last node, i.e., when an acknowledgement is received, the transmitter knows that the RLC PDU has passed all the hops. On the other hand, the drawback of an end-to-end RLC ARQ is that there can be some unnecessary retransmissions over the links that were already successfully passed.
Observation 10: End-to-end RLC ARQ may cause some unnecessary retransmissions.

With hop-by-hop RLC ARQ, the acknowledgement comes from the next node which only tells that the RLC PDU has passed that single hop. This is especially harmful over the access link, since the UE does not know about multiple hops and will deliver the acknowledgement to PDCP layer which will discard the PDCP SDU. Thus, if the RLC PDU is lost in some of the backhaul hops, for instance due to blockage, there is no guarantee that the packet will be delivered. 
Observation 11: Hop-by-hop RLC ARQ does not guarantee lossless transfer.
Proposal: IAB should support end-to-end RLC ARQ.
3.4
QoS handling

Based on the UE context (QoS parameters), MAC scheduler in the gNB-DU can set the logical channel priorities for a given UE and between UEs. For optimal scheduling in a multi-hop IAB tree, each IAB node handling traffic of a given UE should have the UE context or more specifically the logical channel priorities of the logical channel of that UE. This is especially important in UL direction where the backhaul links get more and more congested and instantaneously all traffic coming from previous backhaul hops or from access UEs connected to that IAB node may not be possible to forward. In order to be able to do fair scheduling decisions in such a case, an intermediate IAB node should have visibility to each individual UE traffic and UE context.

Observation 12: For optimal QoS support, UE context as well as RLC channels of an access UE should be available/visible in all IAB Nodes along the data path serving that UE.
3.5
Routing in IAB tree

Routing with MAC adaptation layer can be UE id based, UE id added to MAC subheader for UE multiplexing can be used also for routing. UE id based routing has lowest overhead but requires that routing tables also in the intermediate nodes have to be updated when a UE moves. With MAC adaptation layer based IAB this is not an issue since the UE context has to be updated anyway in the intermediate nodes when the UE moves.
With RLC adaptation layer, IAB node id is typically used for routing. It increases the overhead in the backhaul hops. The advantage of IAB node id based routing is that the routing tables need to be updated only when the topology changes.

Observation 13: UE id based routing has lower overhead than IAB node id based routing.

Observation 14: IAB node id based routing needs less routing table updates than UE id based routing.

Both UE id and IAB node id based routing can be used with both MAC adaptation and RLC adaptation layer based IAB. UE id based solution suits better for MAC adaptation layer based IAB where UE context needs to be updated also in the intermediate nodes when the UE moves, i.e., the routing table updates do not cause extra signaling messages.
Observation 15: UE id based routing is better suited for MAC adaptation layer based IAB.
4
Summary
Some features of the MAC and RLC adaptation are compared in the following table
Table 1: Comparison of MAC and RLC adaptation
	
	MAC adapt
	RLC adapt

	Scheduling
	Normal access UE based MAC scheduling in Donor DU and IAB nodes
	New scheduling: split between bearer mapping above RLC and scheduling in MAC

	Mapping of UE bearers to IAB bearers
	No mapping
	New functionality in Donor DU and in IAB node

	UE visibility in intermediate nodes
	Full visibility, scheduler handles UE logical channels
	At adapt layer for routing, UE bearer remapping as part of scheduling, MAC scheduler handles IAB logical channels

	Scheduler performance
	Optimal
	Suboptimal

	RLC AM
	End-to-end ARQ and status report
	Hop-by-hop ARQ and status report

	Overhead UP
	UE id
	UE id, IAB node id, DRB id

	UE context
	Also in intermediate nodes
	Required in intermediate nodes for QoS handling

	QoS handling
	Full QoS handling in each node by normal QoS aware MAC scheduler
	UE bearer remapping at adaptation layer not possible without UE context in intermediate nodes

	Packet forwarding
	Immediately without RLC SDU reassembly
	Only after RLC SDU reassembly

	RLC preprocessing in IAB node UE part
	Yes
	Not possible due to two-part scheduling


Proposal 2: Select MAC adaptation layer based IAB for further studies to facilitate optimal performance and simple IAB node implementation.
5
Conclusions

In this paper, MAC adaptation and RCL adaptation layer based IAB solutions were compared and the following observations were made:
Observation 1: MAC adaptation layer has lower overhead in comparison to RLC adaptation layer.

Observation 2: RLC adaptation layer requires standardisation of new QoS aware mapping/multiplexing function which multiplexes UE specific RLC channels into IAB specific RLC channels.

Observation 3: MAC scheduler with RCL adaptation layer requires new design since the scheduler handles both individual access UEs as well as aggregated IAB UEs whereas with MAC adaptation layer, the scheduler handles normal individual UE queues.
Observation 4: With MAC adaptation RLC SDU segments can be forwarded without reassembly which minimizes latency.

Observation 5: With RLC adaptation RLC SDU has to be reassembled before delivering it to adaptation layer and before forwarding it.

Observation 6: More complex IAB node processing is needed with RLC adaptation layer.

Observation 7: Scheduling with RLC adaptation layer is split into two parts: mapping of UE RLC channels to IAB RLC channels (prioritizing different UEs and bearers) above RLC and normal MAC scheduling (prioritizing access UEs and IAB nodes).

Observation 8: RLC preprocessing is not possible in UE part of the IAB node before receiving the UL grant.
Observation 9: MAC adaptation layer based IAB provides full UE and bearer visibility in each node for optimised MAC scheduling.

Observation 10: End-to-end RLC ARQ may cause some unnecessary retransmissions.

Observation 11: Hop-by-hop RLC ARQ does not guarantee lossless transfer.

Observation 12: For optimal QoS support, UE context as well as RLC channels of an access UE should be available/visible in all IAB Nodes along the data path serving that UE.
Observation 13: UE id based routing has lower overhead than IAB node id based routing.

Observation 14: IAB node id based routing needs less routing table updates than UE id based routing.

Observation 15: UE id based routing is better suited for MAC adaptation layer based IAB.

Based on the above observations we propose:
Proposal 1: IAB should support end-to-end RLC ARQ.
Proposal 2: Select MAC adaptation layer based IAB for further studies to facilitate optimal performance and simple IAB node implementation.
Proposal 3: Capture the observations above in the TR. 
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