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1 Introduction

As shown in the outcome of email discussion [AH1807#08], some observations about the placement of adaptation layer have been discussed and summarized [1], and they are listed as follows: 

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. FFS whether UE-specific ID, if it is used, will be a completely new identifier or whether one of the existing identifiers can be reused, as well as whether the identifier(s) included in Adapt vary depending on the adaptation layer placement. 

4. Both adaptation layer placements can support per-UE-bearer QoS treatment. In order for each UE bearer to receive individual QoS support when their number exceeds the size of the LCID space, one possible solution is the extension of the LCID-space which can be achieved through changes to the MAC sub-header, or by dedicated information placed in the Adapt header. FFS whether 8 groups for the uplink BSR reporting is sufficient or whether the scheduling node has to possess better knowledge of which DRB has uplink data.

5. Both adaptation layer placements can support aggregated QoS handling as in the following example network configurations:

a. For above-RLC adaptation layer, UE-bearers with same QoS profile could be aggregated to one backhaul RLC-channel for this purpose.

b. For above-MAC or integrated-with-MAC adaptation layer, UE-bearers with same QoS profile could be treated with same priority by the scheduler.

6. 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.

For both adaptation layer placements, RLC ARQ can be pre-processed on TX side.
To further compare the difference between the above-RLC adaptation layer option and the above-MAC adaptation layer option, we provide some additional perspectives about the supported functions as well as the L2 processing of IAB node in this contribution. 
2 Discussion
1.1 Supported functions 
From the above mentioned observations, it's obvious that the only functional difference between the two options of adaptation layer placement is the supported ARQ mode, i.e., the above-RLC adaptation layer can only support hop-by-hop ARQ, while the above-MAC adaptation layer can support both hop-by-hop and end-to-end ARQ. Therefore, the above-MAC adaptation layer provides more flexibility for choosing the best ARQ solution in IAB networks.
Furthermore, as compared in subsection 8.2.3 of [2] and analyzed in paper [4], we can see that the two ARQ modes have respective advantages. The E2E ARQ is more promising since it can ensure lossless data forwarding without any enhancement to current PDCP layer and reduce the transmission latency. These advantages are not only beneficial for improving user experience, but also help to guarantee the compatibility of legacy R15 NR UEs. 
Observation 1 Above-MAC adaptation layer provides more flexibility for choosing the ARQ solution in IAB networks, and the E2E ARQ is more promising since it can ensure lossless data forwarding, compatibility of legacy R15 NR UEs, and reduce the transmission latency. 
1.2 L2 Structure and L2 Data Flow for above MAC Adaptation layer 
When studying the layer 2 structure and data flow for potential IAB solutions we need to consider the functionality provided by the IAB-donor, as well as the functionality provided by a relaying IAB-node. The layer 2 structure for the IAB-node should consider the layer 2 structure for both IAB-MT and IAB-DU parts.
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Figure 1a. Downlink layer 2 structure of IAB-donor for above-MAC adaptation layer placement
The downlink layer 2 structure of an IAB-donor with above MAC adaptation layer placement is illustrated in Figure 1a. The IAB donor’s adaptation layer encompasses routing and bearer mapping functions. Furthermore, the mapping of UE bearers (UE specific RLC-channels) to backhaul logical channels (BH RLC-channels), may be one-to-one or many-to-one (e.g. per QoS mapping).  
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Figure 1b. Downlink layer 2 structure of IAB-node including both IAB-node MT and IAB-node DU for above-MAC adaptation layer placement with E2E ARQ
The downlink layer 2 structure of an IAB-node with above MAC adaptation layer placement is given in Figure 1b. In this Figure, downlink layer 2 structures of both IAB-node MT and IAB-node DU are shown. In the downlink direction, the IAB-node MT receives data from the IAB-donor or an up-steaming IAB-node’s DU. After processing by the receiving MAC layer (RX HARQ and de-multiplexing of BH logical channels), the adaptation layer de-maps  backhaul RLC channels into individual UE RLC-channels (UE bearers). The adaptation layer then forwards the received data to the RLC layer in the IAB-node’s DU. In the case of E2E ARQ, only (re)-segmentation is performed in the RLC layer (no ARQ function). After RLC processing, the adaptation layer in the IAB-donor DU performs routing and bearer mapping of RLC PDUs from the UE specific RLC channels (UE bearers) to the backhaul RLC-channels (BH logical channels), similar to the functionality provided by the adaptation layer of the IAB-donor.
The downlink layer 2 data flow for the IAB-node with above MAC adaptation layer is provided in Figure 1c:
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Figure 1c. Downlink layer 2 data flow of IAB-node for above-MAC adaptation layer placement and with E2E ARQ
Proposal 1 Capture the layer 2 structure and data flow for above MAC adaptation layer placement into TR 38.874.

1.3 L2 Structure and L2 Data Flow for above RLC Adaptation placement 

Similarly, the layer 2 structures of an IAB-donor and relaying IAB node for above RLC adaptation placement are provided in Figures 2a and 2b respectively.

[image: image4.emf]Multiplexing Backhaul 

Link k

HARQ

BH Logical 

Channels

Transport Channels

MAC

(IAB-donor DU )

PDCP

(IAB-donor CU)

ROHC ROHC ROHC ROHC

UE Radio Bearers

Security Security Security Security

ROHC

Security

Scheduling / Priority Handling

...

...

ROHC

Security

UE  specific bearers

SDAP

(IAB-donor CU)

QoS flow

handling

QoS Flows

QoS flow

handling

QoS flow

handling

Multiplexing 

Access Link UE

n

HARQ

...

Multiplexing Backhaul 

Link m

HARQ

Adaptation layer

(IAB-donor DU ) 

Access Logical 

Channels

Routing 

MappingtoBackhaul 

RLC channels

MappingtoBackhaul 

RLC channels

Segm.

ARQ

Segm.

ARQ

Segm.

ARQ

Segm.

ARQ

Segm.

ARQ

Segm.

ARQ

TX RLC

(IAB-donor DU ) 

Backhaul 

RLC 

Channels

UE bearer 

specific RLC 

Channels

UE

1

QoS Flows

UE

i 

QoS Flows UE

n 

QoS Flows

Backhaul Link towards 

IAB node A

Access Link for 

Local UE

n 

Backhaul Link towards 

IAB node B

 
Figure 2a. Downlink layer 2 structure of IAB-donor for above RLC adaptation layer placement
In Figure 2b, the downlink layer 2 structure of an IAB-node including both IAB-node MT and IAB-node DU for above RLC adaptation layer placement is provided. The de-mapping from backhaul RLC-channels to UE bearers in the adaptation layer of the IAB-node MT may not always be needed (e.g. if there is a one-to-one mapping of RLC-channels between ingress and egress BH links). However, since the IAB-node may be the access IAB-node for some UEs, there will always be a need to de-map the RLC PDUs for these locally served UEs (UE bearers) from the BH RLC-Channels. This means that effectively each packet of the received RLC channel may need to be processed by the adaptation layer, in order to decide if this packet is intended for a local UE, or a UE served by another downstream IAB-node. In addition, it may be desirable to route packets of the same UE to different egress BH links based on the UE’s specific bearer (e.g. it may be desirable for delay sensitive UE bearers to traverse fewer hops from donor-node to access IAB-node). Hence, it may be useful for the adaptation layer to always perform the de-mapping from backhaul RLC-channels to UE bearers in the case of above-RLC placement also.
Observation 2 An above-RLC adaptation layer at an IAB node needs de-map RLC PDUs to the per UE bearer granularity, at least for locally served UEs. Per UE bearer granularity may also be required if UE bearers are routed differently over the IAB network (e.g. QoS sensitive forwarding).           
The downlink layer 2 data flow for the IAB-node with above RLC adaptation layer is provided in Figure 2c.


[image: image5.emf]Multiplexing 

Access link UE

n

HARQ

BH Logical Channels

Transport Channels

TX MAC

(IAB-node DU ) 

TX RLC

(IAB-node DU ) 

BH RLC Channels

...

TX Adaptation layer

(IAB-node DU )

UE bearer specific 

RLC Channels

Access 

Logical Channels

Segm.

ARQ

Segm.

ARQ

Segm.

ARQ

De-multiplexing 

Backhaul Link l

RX HARQ

BH Logical 

Channels

Transport Channels

RX MAC

(IAB-node MT )

RX HARQ

MappingtoUE bearer specific 

RLC  channels(O)

MappingtoUE bearer specific RLC  channels (O)

De-multiplexing 

Backhaul Link p

Reassemble.

ARQ

Reassemble.

ARQ

Reassemble.

ARQ

Reassemble.

ARQ

RX RLC

(IAB-node MT )

RX Adaptation layer

(IAB-node MT )

BH RLC Channels

Segm.

ARQ

Segm.

ARQ

Segm.

ARQ

Mapping to Backhaul 

RLC channels

Routing 

Mapping to Backhaul 

RLC channels

Scheduling / Priority Handling

Multiplexing Backhaul 

Link k

TX HARQ

... ...

Multiplexing Backhaul 

Link m

TX HARQ

Backhaul Link from 

IAB donor/IAB node C

Backhaul Link towards 

IAB donor/IAB node D

Backhaul Link towards 

IAB node A

Access Link for 

Local UE

n 

Backhaul Link towards 

IAB node B

 
Figure 2b. Downlink layer 2 structure of IAB-node including both IAB-node MT and IAB-node DU for above-RLC adaptation layer placement
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Figure 2c. Downlink layer 2 structure of IAB-node for above RLC adaptation layer placement
Proposal 2 Capture the layer 2 structure and data flow for adaptation layer above RLC into TR 38.874.

1.4 Discussion of L2 processing with aggregated QoS handling in the backhaul link

For the above-MAC adaptation layer option, the downlink L2 structure of an IAB donor and IAB node are depicted in Figure 1a and Figure 1b respectively,  Here we have assumed that following the current IAB node there are two next hop IAB nodes, i.e. IAB node A and IAB node. Obviously the same structure could easily be extended to more than two next hop nodes.
As discussed in [2] L2 IAB architectures can support both one-o-one mapping and the per QoS mapping of UE bearers to backhaul bearers. If the one-o-one mapping option is chosen, the number of BH RLC channels or Logical channels should be same as the number of processed UE bearers. Here the scalability of the LCID space in BH link is the most significant problem, especially for the BH link between the first hop IAB node and the IAB donor, since the traffic of all UEs’ traffic will traverse this link. If the per QoS mapping option is chosen, multiple UE bearers with similar QoS requirements may be aggregated to a same BH RLC channel/Logical channel, and the number of BH RLC channels/Logical channels does not need to be extended.
For the above-MAC adaptation layer option, the RLC entity maintained by the IAB node is UE bearer specific. If hop-by-hop ARQ processing is adopted, the RLC entity in the IAB node should support both segmentation and ARQ functionalities, while for the end-to-end ARQ processing, the ARQ function is not necessary. Each IAB BH logical channel is setup between the current IAB node and a given next hop node, and the data packet will be mapped to a determined IAB logical channel after the processing of adaptation layer. Therefore, queue management in the IAB node can be at the UE bearer level, and it is simpler for the IAB node’s MAC scheduler to discriminate multiple UEs or even multiple UE bearers if needed. If such discrimination is not needed, the IAB node can treat the UE bearer related RLC entities which are mapped to a single IAB logical channel equally, and just ignore any differences between these queues when enforcing QoS. Whether to differentiate the UE bearers when adopting the per QoS mapping option can be an implementation of the IAB node’s scheduling policy.   
For the above-RLC adaptation layer option, as shown in Figures 2a & 2b, the current IAB node maintains multiple backhaul RLC channels towards the next hop IAB node. At the same time, it may also provide the access link to locally served UEs. Each backhaul RLC channel is setup between the current IAB node and a given next hop node. The routing process of the adaptation layer, will determine the next hop node for each packet of traffic. Furthermore, an egress IAB RLC channel will be selected to process the packet based on the QoS related mapping at the adaptation layer. Then, the data packet will be delivered to an RLC entity corresponding to the selected IAB RLC channel towards a given next hop node (egress backhaul link). Many packets of different UEs can be mapped to the same RLC entity in the current IAB node, and it will be difficult for the MAC scheduler to treat these packets in a same RLC entity with discrimination. Consequently, it is straightforward to deduce that the granularity of the queue management in an IAB node with aggregated QoS handling mapping is most likely at the IAB RLC channel level. In other words, the scheduler will not discriminate different UEs and will provide similar treatment to the traffic packets of multiple UEs which are mapped to a same IAB RLC channel. 
Observation 3 For the above MAC adaptation layer option, the queue management in the IAB node will be more flexible, which is a benefit resulting from the fact that individual UE bearer related RLC entities are maintained in the IAB node. As a result, per UE bearer QoS can also be achieved with such option, without extending the LCID space of the IAB node. 
Observation 4 For the above RLC adaptation layer option, the granularity of the queue management in IAB node with aggregated QoS handling mode is at the IAB RLC bearer level. The scheduler cannot discriminate different UEs and will provide similar treatment to the traffic packets of multiple UEs which are mapped to a same IAB RLC channel.
Observation 5 For the above MAC adaptation layer option, whether to differentiate the UE bearers when choosing the per QoS mapping option can depend on the implementation of IAB node’s scheduling policy.           
1.5 L2 Overhead comparison of adaptation layer placement options
As shown in Figure 1c and Figure 2c, it is obvious that if there is no segmentation in the transmit side of IAB node’s RLC sub-layer, the L2 overhead of the two adaptation layer placement options are the same, because both of the options require an adapt header as well as an RLC header for each MAC SDU.
In the case that the IAB node performs (re-)segmentation at the RLC layer, there will be some difference in the overhead of MAC SDUs which contain the RLC SDU segments for the two options. For the above RLC adaptation layer placement option, only one full adaptation layer header will be carried for each RLC SDU. While for the above MAC adaptation layer placement option, an adaptation layer header needs to be carried with each RLC SDU segment. Consequently, the L2 overhead of the above MAC option will be slightly higher than the above RLC option if IAB node performs (re-)segmentation. 
However, with appropriate resource allocation and scheduling on the backhaul link, the impact of this slightly larger overhead for RLC SDU segment is expected to be negligible.         
Observation 6 The above MAC adaptation layer placement option will result in larger L2 overhead if IAB node perform (re-)segmentation before forwarding UE’s traffic packets. Nevertheless, the ratio of backhauling re-segmentation will be negligible with appropriate resource allocation and scheduling on the backhaul link. 
Proposal 3 The previous analysis and observations should be captured in TR 38.874 when compare the placement of adaptation layer for architecture 1a.

2 Conclusions
Based on the previous discussion, we can draw the following observations and proposals

Proposal 4 Capture the layer 2 structure and data flow for adaptation layer above MAC into TR 38.874.

Proposal 5 Capture the layer 2 structure and data flow for adaptation layer above RLC into TR 38.874.

Observation 1: Above-MAC adaptation layer provides more flexibility for choosing the ARQ solution in IAB networks, and the E2E ARQ is more promising since it can ensure lossless data forwarding, compatibility of legacy R15 NR UEs, and reduce the transmission latency.
Observation 2: An above-RLC adaptation layer at an IAB node needs de-map RLC PDUs to the per UE bearer granularity, at least for locally served UEs. Per UE bearer granularity may also be required if UE bearers are routed differently over the IAB network (e.g. QoS sensitive forwarding).
Observation 3: For the above MAC adaptation layer option, the queue management in the IAB node will be more flexible, which is a benefit resulting from the fact that individual UE bearer related RLC entities are maintained in the IAB node. As a result, per UE bearer QoS can also be achieved with such option, without extending the LCID space of the IAB node.
Observation 4: For the above RLC adaptation layer option, the granularity of the queue management in IAB node with aggregated QoS handling mode is at the IAB RLC bearer level. The scheduler cannot discriminate different UEs and will provide similar treatment to the traffic packets of multiple UEs which are mapped to a same IAB RLC channel.
Observation 5: For the above MAC adaptation layer option, whether to differentiate the UE bearers when choosing the per QoS mapping option can depend on the implementation of IAB node’s scheduling policy.
Observation 6: The above MAC adaptation layer placement option will result in larger L2 overhead if IAB node perform (re-)segmentation before forwarding UE’s traffic packets. Nevertheless, the ratio of backhauling re-segmentation will be negligible with appropriate resource allocation and scheduling on the backhaul link. 
Proposal 6 The previous analysis and observations should be captured in TR 38.874 when compare the placement of adaptation layer for architecture 1a.
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