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Introduction

The adaptation layer for IAB networks enables routing of bearers through the backhaul network. In particular, the adaptation layer determines based on the adaptation layer header information, the correct outbound link for a packet.
The issue of the placement of the adaptation layer within the NR protocol stack has been discussed extensively in past RAN2 meetings. Three options of the placement of the adaptation layer have been considered: above the RLC layer, between the RLC and MAC layers, and integrated into the MAC layer. 

In this contribution, we review and compare the options with the goal of identifying the options that ensure minimal change to NR protocols and functionality. Our preference is for the above RLC adaptation layer placement, and in this contribution we provide our reasons.
Discussion
Figure 2 and Figure 3 show the protocol architecture with the adaptation layer placed above RLC and between RLC and MAC respectively. The adaptation layer integrated with MAC is similar to the adaptation layer placed above MAC. The difference between the above MAC and integrated with MAC options is that while the above MAC option aggregates RLC PDUs from different UE bearers into a MAC PDU, the integrated with MAC option maintains separate MAC PDUs for different UE bearers.
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Figure 2: Adaptation layer above RLC
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Figure 3: Adaptation Layer above MAC

With above RLC adaptation layer, the adaptation layer header is added before RLC processing. Therefore, each RLC SDU has an adaptation layer header. The RLC SDUs have a self-contained header that enables routing at the adaptation layer. 

With the above MAC adaptation layer placement, the adaptation layer header is added after RLC processing. Therefore, each RLC PDU gets an adaptation layer header. On the receiving side, the adaptation layer header is removed before RLC processing. Therefore the IAB node has to explicitly keep track of the RLC PDU and RLC SDU for a given adaptation layer header, so that routing can be performed. The same hold for the adaptation layer integrated with MAC.
Observation 1: Some additional book-keeping is needed in IAB nodes to support the above MAC adaptation layer placement and integrated with MAC adaptation layer placement.
The RLC protocol in NR performs segmentation when the PDU size indicated by MAC is smaller than the RLC PDU that has been constructed. This requires interaction between the RLC and MAC layers. If the adaptation layer is placed between RLC and MAC layers, the adaptation layer would need to receive the allowed PDU size from the MAC layer and covey this to the RLC layer. Thus, the adaptation layer would need to handle MAC information such as PDU sizes. This also requires a change to RLC implementation since the RLC-MAC layer interaction is now replaced with RLC-Adaptation interaction. 

With the above RLC adaptation layer and the within MAC adaptation layer, the RLC-MAC interaction is unchanged.

Observation 2: The above MAC layer adaptation layer placement requires a change to the RLC-MAC layer interaction and a change to RLC implementation relative to NR Release 15. 
With the integrated with MAC adaptation layer, there is a one-to-one mapping between UE DRBs and the logical channels used at IAB nodes. The goal is independent treatment of UE DRBs through the entire route in the IAB network (i.e., distinct logical channels for each UE DRB, independent buffer and queue management). In order to achieve this, the LCID space needs to be extended beyond the current limit and this would need to be done in a backwards compatible manner. The length of the extended LCID field (i.e., number of LCIDs needed) will also need to be discussed.

Furthermore, in order to enable independent treatment of UE DRBs on the uplink, the uplink buffers for each DRB will need to be handled independently. Buffer status reporting in NR is done by logical channel groups, and up to 8 logical channel groups are supported. In order to enable the independent treatment, the number of logical channel groups will need to be increased in a backwards compatible manner.
The within MAC adaptation layer approach also requires independent queues, one for each UE DRB, in each IAB node. In order to achieve the fine grained prioritization, it requires numerous priority levels. The number of queues and priority levels grows rapidly with the number of IAB nodes and coverage areas. In particular, IAB nodes that are one or two hops from the donor IAB node are likely to need to support large numbers of queues and maintain independent bucket size parameters (Bj). Support of large numbers of queues and priority levels can increase computational complexity at the IAB nodes quite significantly. This is in contrast to the above RLC adaptation layer placement that does not increase the number of queues and priority levels.
Observation 3: The within MAC adaptation layer placement requires an extension of the LCID space.

Observation 4: The within MAC adaptation layer placement requires an increase in the maximum number of logical channels supported.  
Observation 5: The within MAC adaptation layer placement can lead to significant additional complexity in IAB nodes, especially closer to the IAB donor node.
Given that the adaptation layer header for the above MAC and within MAC approaches is added to each RLC SDU segment, the header overhead of the adaptation layer is higher.
Observation 6: The above MAC and within MAC adaptation layer placements have a higher adaptation layer header overhead than the above RLC adaptation layer placement.
Proposal: RAN2 should capture the above observations into the TR.
Conclusion

We have compared the three options for placement of the adaptation layer and provided our observations. Out observations and proposal are listed below:
Observation 1: Some additional book-keeping is needed in IAB nodes to support the above MAC adaptation layer placement and integrated with MAC adaptation layer placement.

Observation 2: The above MAC layer adaptation layer placement requires a change to the RLC-MAC layer interaction and a change to RLC implementation relative to NR Release 15. 
Observation 3: The within MAC adaptation layer placement requires an extension of the LCID space.

Observation 4: The within MAC adaptation layer placement requires an increase in the maximum number of logical channels supported.  
Observation 5: The within MAC adaptation layer placement can lead to significant additional complexity in IAB nodes, especially closer to the IAB donor node.

Observation 6: The above MAC and within MAC adaptation layer placements have a higher adaptation layer header overhead than the above RLC adaptation layer placement.
Proposal: RAN2 should capture the above observations into the TR.
