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1. Introduction
This document includes a text proposal for TR 38.874 on RLC in IAB architecture group 1. The changes include UP-related aspects on adaptation layer placement. They further include a comparison between end-to-end RLC ARQ and hop-by-hop RLC ARQ.

2. Discussion
2.1  Observations on adaptation layer placement
1. The above-RLC adaptation layer can only support hop-by-hop ARQ. The above-MAC adaptation layer can support both hop-by-hop and end-to-end ARQ.
2. Both adaptation layer placements can support aggregated routing, e.g. by inserting an IAB-node address into the adaptation header.
3. Both adaptation layer placements can support per-UE-bearer QoS for a large number of UE-bearers.
a. For above-RLC adaptation layer, the LCID space has to be enhanced since each UE-bearer is mapped to an independent logical channel.
b. For above-MAC adaptation layer, UE-bearer-related info has to be carried on the adaptation header.
4. Both adaptation layer placements can support aggregated QoS handling e.g. by inserting an aggregated QoS Id into the adaptation header.
a. Aggregated QoS handling reduces the number of queues. This is independent on where the adaptation layer is placed.
5. For both adaptation layer placements, aggregation of routing and QoS handling allows proactive configuration of intermediate on-path IAB-nodes, i.e. configuration is independent of UE-bearer establishment/release.
6. For both adaptation layer placements, RLC ARQ can be pre-processed on TX side.

The study item will identify the specification impact for the following two options for IAB: 
· Option 1: Adaptation layer is placed above the RLC.
· Option 2: Adaptation layer is placed above the MAC
The specification impact in this context is defined relative to Rel 15 NR.

2.2  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.

	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.

	Specification impact
	No stage-3 impact expected
	Potential stage-3 impact 

	Operational impact
	IAB-nodes and IAB-donors use the same hop-by-hop RLC ARQ. This makes upgrade of IAB-node to IAB-donor at availability of fiber more seamlessly.
	End-to-end RLC ARQ results in a greater architectural difference between IAB nodes vs. IAB donor nodes. This means that the upgrade of an IAB node to an IAB donor upon availability of fiber, is a greater step up, requiring additional testing, etc.

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




3. Text Proposal for TR 38.874

The following changes to TR 38.874 are proposed:

********* Start of Change **********
[bookmark: _Toc510529868]
8. Radio protocol aspects
[bookmark: _Toc259599322]Editor’s note:	Primary responsible WG for this clause is RAN2.
[bookmark: _Toc510529869]8.1	Packet Processing
…
8.2 	User-plane considerations for architecture group 1
8.2.1 General
…

8.2.2 Adaptation Layer
The UE establishes RLC channels to the DU on the UE’s access IAB node in compliance with TS 38.300. Each of these RLC-channels is extended via a potentially modified form of F1-U, referred to as F1*-U, between the UE’s access DU and the IAB donor.
The information embedded in F1*-U is carried over RLC-channels across the backhaul links. Transport of F1*-U over the wireless backhaul is enabled by an adaptation layer, which is integrated with the RLC channel.
The interface between the CU and the DU inside the IAB donor is within the scope of RAN-3 and addressed in section 9.
Functions supported by the adaptation layer
In architecture 1a, information carried on the adaptation layer supports the following functions:
· Identification of the UE-bearer for the PDU,
· Routing across the wireless backhaul topology,
· QoS-enforcement by the scheduler on DL and UL on the wireless backhaul link,
· Mapping of UE user-plane PDUs to backhaul RLC channels,
· Others.

In architecture 1b, information carried on the adaptation layer supports the following functions:
· Routing across the wireless backhaul topology,
· QoS-enforcement by the scheduler on DL and UL on the wireless backhaul link,
· Mapping of UE user-plane PDUs to backhaul RLC channels
· Others.

Content carried on the adaptation layer header 
The study will identify all information to be carried on the adaptation layer header. This may include:
· UE-bearer-specific Id
· UE-specific Id
· Route Id, IAB-node or IAB-donor address 
· QoS information
· Potentially other information 

Details of the information carried in the adaptation layer are FFS.

Processing of adaptation layer information
· The study will identify, which of the information on the adaptation layer is processed to support the above functions on each on-path IAB-node (hop-by-hop), 
· and/or on the UE’s access-IAB-node and the IAB-donor (end-to-end).

Integration of adaptation layer into L2 Stack
The study will consider the following adaptation layer placements:
· integrated with MAC layer or above MAC layer (examples shown in Figure 8.2 - 1a, b),
· above RLC layer (examples shown in Figure 8.2-1c and Figure 8.2-2).

The figures show example protocol stacks and do not preclude other possibilities.

Adaptation header structure
The adaptation layer may consist of sublayers. It is perceivable, for example, that the GTP-U header becomes a part of the adaptation layer. Alternatively, a GTP-U/UDP/IP header stack may be part of the adaptation layer. The design of the adaption header may be architecture-dependent and is FFS.

[bookmark: _GoBack]Observations on adaptation layer placement
1. The above-RLC adaptation layer can only support hop-by-hop ARQ. The above-MAC adaptation layer can support both hop-by-hop and end-to-end ARQ.
2. Both adaptation layer placements can support aggregated routing, e.g. by inserting an IAB-node address into the adaptation header.
3. Both adaptation layer placements can support per-UE-bearer QoS for a large number of UE-bearers.
a. For above-RLC adaptation layer, the LCID space has to be enhanced since each UE-bearer is mapped to an independent logical channel.
b. For above-MAC adaptation layer, UE-bearer-related info has to be carried on the adaptation header.
4. Both adaptation layer placements can support aggregated QoS handling e.g. by inserting an aggregated QoS Id into the adaptation header.
a. Aggregated QoS handling reduces the number of queues. This is independent on where the adaptation layer is placed.
5. For both adaptation layer placements, aggregation of routing and QoS handling allows proactive configuration of intermediate on-path IAB-nodes, i.e. configuration is independent of UE-bearer establishment/release.
6. For both adaptation layer placements, RLC ARQ can be pre-processed on TX side.



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

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.

	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.

	Specification impact
	No stage-3 impact expected
	Potential stage-3 impact 

	Operational impact
	IAB-nodes and IAB-donors use the same hop-by-hop RLC ARQ. This makes upgrade of IAB-node to IAB-donor at availability of fiber more seamlessly.
	End-to-end RLC ARQ results in a greater architectural difference between IAB nodes vs. IAB donor nodes. This means that the upgrade of an IAB node to an IAB donor upon availability of fiber, is a greater step up, requiring additional testing, etc.

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




8.2.4	Scheduler and QoS impacts
…

8.2.5	Specification Impact
The study item will identify the specification impact for the following two options for IAB: 
· Option 1: Adaptation layer is placed above the RLC.
· Option 2: Adaptation layer is placed above the MAC
The specification impact in this context is defined relative to Rel 15 NR.


********* End of Change **********
