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Introduction

During last RAN2 meeting, user plane protocol and several key issues were discussed and some initial agreements were made [1]. It was agreed that two alternatives for architecture 1a shall be studied with regard to the placement of adaptation layer, i.e. adaptation layer above RLC or below RLC. Also, there are two options with regard to the termination of adaptation layer, i.e. terminated at the Donor DU or Donor CU. In this contribution, we make comparison between adaptation layer above RLC and adaptation layer below RLC and present our preference. The information which is needed to be carried in the adaptation layer is also discussed. And then, we discuss the termination of adaptation layer and compare the two options.

Discussion 
2.1 The placement of adaptation layer

Based on the agreements made in last meeting, there are two alternatives for IAB architecture 1a. In alternative 1, the adaptation layer locates either between MAC and RLC layer or integrated with MAC layer. End-to-end or hop-by-hop ARQ could be used in alternative 1, which is illustrated in figure 1a) and figure 1b) respectively [2]. In alternative 2, the adaptation layer located above RLC layer, only hop-by-hop ARQ could be used, as shown in figure 2 [2]. 
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Figure 1: Protocol stack examples for L2-relaying with Adapt above or integrated with MAC layer and terminated at Donor DU: 1a) hop-by-hop ARQ, 1b) end-to-end ARQ [2]
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Figure 2: Protocol stack examples for L2-relaying with Adapt above RLC and hop-by-hop RLC ARQ: 2a) terminated at Donor DU, 2b) terminated at Donor CU [2]
As we know, the IAB node or donor DU shall have the functionality of routing and bearer mapping. More specifically, upon receiving data packets, the IAB node or donor DU shall determine the next hop node for data forwarding. The routing mechanism could be based on UE ID or bearer or destination info. And then, the IAB node or donor DU shall perform bearer mapping to determine which radio bearer/RLC channel shall be used for the relaying of the data packets. If bearer aggregation is applied in the IAB node, many-to-one mapping rules is used in bearer mapping. If bearer aggregation is not applied in the IAB node, one-to-one mapping rule is used in bearer mapping. 

If adaptation layer is placed below RLC, when the serving IAB node receives uplink data packets from UE, the routing function shall be performed at the RLC layer of the MT part to determine the next hop IAB node of the data packets. After that, the serving IAB node determine which bearer/RLC channel of the MT part to be used for the relaying of the received data packet and delivers the packet to the RLC entity of the corresponding RLC channel of the MT part. And then, the IAB node performs adaptation layer processing and adds adaptation header for the received data packets. For the downlink, similarly, when the donor DU receives downlink data packets from donor CU, the routing function shall be performed at the RLC layer to determine the next hop IAB node of the data packets. And then, the donor DU performs bearer mapping to determine which bearer/RLC channel to be used for the relaying of the received data packet and delivers the packet to the RLC entity of the corresponding RLC channel. As analyzed above, the routing and bearer mapping functionality shall be implemented by the RLC layer if adaptation layer is placed below RLC, which would introduce extra specification impact for RLC. 

If adaptation layer is placed above RLC, the routing and bearer mapping functionality could be implemented at the adaptation layer. As an example, upon the serving IAB node receives uplink data packets from UE, the adaptation layer determines the next hop IAB node and the RLC channel. And then, the adaptation header is added at the adaptation layer. After that, the adaptation PDU is delivered to the corresponding RLC entity of the corresponding RLC channel for transmission. As we can see, the routing and bearer mapping functionality is implemented at the adaptation layer if adaptation layer is placed below RLC, which has no specification impact for RLC. 

Observation 1: If adaptation layer is placed below RLC, routing and bearer mapping shall be implemented at the RLC layer, which would introduce extra specification impact for RLC.

Observation 2: If adaptation layer is placed above RLC, the routing and bearer mapping functionality is implemented at the adaptation layer, which has no specification impact for RLC. 

For adaptation layer below RLC, if bearer aggregation is applied in the IAB node, UE ID and bearer ID shall be contained in the adaptation layer, which is the same as the option of adaptation layer above RLC. For adaptation layer above RLC, an adaptation header is added for each RLC SDU. And then, the adaptation PDU is delivered to the RLC layer. However, for adaptation layer below RLC, due to the segmentation function of RLC layer, one PDU SDU may be segmented to multiple RLC segments and be delivered the adaptation layer. The adaptation layer shall add adaptation header for each RLC segment. That means, the protocol overhead for the option of adaptation layer below RLC (if bearer aggregation is applied) is more than the option of adaptation layer above RLC. 

Observation 3: For adaptation layer above RLC, an adaptation header is added for each RLC SDU. For adaptation layer below RLC, the adaptation layer shall add adaptation header for each RLC segment, which introduce more protocol overhead. 

Proposal 1: It is suggested that alternative 2 (i.e. adaptation above RLC) is adopted in IAB architecture 1a. 

2.2 The information required in adaptation layer

According to [2], the following information may be contained in the adaptation header.  

UE-bearer-specific Id

UE-specific Id

Route Id or address Id

QoS Id

Potentially other information 

Assuming adaptation layer is placed above RLC and bearer aggregation is applied in the IAB node, UE ID and bearer ID should be contained in the adaptation layer, in order that the UE or IAB donor could identify which UE and radio bearer the received data packets belongs to. In our view, F1AP ID or SRB ID could be reused in the adaptation layer to identify a UE and a radio bearer for the control plane data forwarding. For the user plane data forwarding, GTP TEID could be reused in the adaptation layer to identify a UE and a radio bearer. If the F1AP or GTP-U is kept in the protocol stack for control plane or user plane, the F1AP ID and GTP TEID is already contained in the F1AP message and the GTP-U header. So UE ID and bearer ID is not needed in the adaptation layer if the F1AP or GTP-U is kept in the protocol stack. 

Proposal 2: Assuming adaptation layer is placed above RLC and bearer aggregation is applied in the IAB node, UE ID and bearer ID should be contained in the adaptation layer. However, UE ID and bearer ID is not needed in the adaptation layer if the F1AP or GTP-U is kept in the protocol stack.

On the other hand, routing information should be contained in the adaptation layer. In our view, destination based routing mechanism should be used. In destination based routing, the IAB node determines the next hop according to the destination information of the received packet and the configured routing table. So the destination ID or address should be included in the adaptation layer. Besides the information analyzed above, some company proposed to include QoS information in the adaptation layer for the purpose of QoS handling in the IAB node. In our view, bearer mapping rules in the IAB node such as DSCP based QoS rule and QoS mapping as analyzed in [3] could be used to map the received data packets to corresponding RLC channel which is associated with similar QoS parameters. As a result, QoS information is not needed in the adaptation layer. 

Proposal 3: Destination based routing should be used and destination ID/address shall be contained in the adaptation layer. 

Proposal 4: QoS information is not needed in the adaptation layer since bearer mapping rules could be used to map the received data packets to corresponding RLC channel with similar QoS characteristics.  

2.3 Termination of adaptation layer

As stated in [2], the adaptation layer may be terminated at Donor DU or Donor CU. Here we compare the two options for the termination of adaptation layer and present our preference. 

If adaptation layer is terminated at the Donor DU, the adaptation layer is not introduced in the F1 interface between Donor DU and Donor CU, as shown in figure 1a), 1b) and 2a). So there is no protocol impact to the F1 interface. In this situation, the donor DU needs to determine the F1 GTP-U tunnel for the uplink data forwarding according to the UE ID and bearer ID in the adaptation header. For the downlink, the donor DU needs to determine the UE ID and bearer ID which needs to be included in the adaptation layer according to the F1 GTP-U of the received packets. In addition, the donor DU need to determine the destination IAB node for the downlink data forwarding, e.g. based on the destination IP address of the received F1 GTP-U packets. 

If adaptation layer is terminated at the Donor CU, the adaptation layer is introduced in the F1 interface between Donor DU and Donor CU, as shown in figure 2b). The protocol stack of F1 interface needs to be enhanced to support IAB, which may introduce a lot of standardization work while no extra benefit is foreseen comparing with the option of adaptation layer terminated at the DU.

Observation 4: If adaptation layer is terminated at the Donor CU, the protocol stack of F1 interface needs to be enhanced to support IAB, which may introduce a lot of standardization work while no extra benefit is foreseen.

Proposal 5: It is suggested that the adaptation layer is terminated at the Donor DU. 

Conclusion

In this contribution, we made comparison between adaptation layer above RLC and adaptation layer below RLC and present our preference. The information which is needed to be carried in the adaptation layer is also discussed. And then, we discussed the termination of adaptation layer and compare the two options. And we have the following observations and proposals:

Observation 1: If adaptation layer is placed below RLC, routing and bearer mapping shall be implemented at the RLC layer, which would introduce extra specification impact for RLC.

Observation 2: If adaptation layer is placed above RLC, the routing and bearer mapping functionality is implemented at the adaptation layer, which has no specification impact for RLC.  

Observation 3: For adaptation layer above RLC, an adaptation header is added for each RLC SDU. For adaptation layer below RLC, the adaptation layer shall add adaptation header for each RLC segment, which introduce more protocol overhead. 

Proposal 1: It is suggested that alternative 2 (i.e. adaptation above RLC) is adopted in IAB architecture 1a. 

Proposal 2: Assuming adaptation layer is placed above RLC and bearer aggregation is applied in the IAB node, UE ID and bearer ID should be contained in the adaptation layer. However, UE ID and bearer ID is not needed in the adaptation layer if the F1AP or GTP-U is kept in the protocol stack.

Proposal 3: Destination based routing should be used and destination ID/address shall be contained in the adaptation layer. 

Proposal 4: QoS information is not needed in the adaptation layer since bearer mapping rules could be used to map the received data packets to corresponding RLC channel with similar QoS characteristics.  

Observation 4: If adaptation layer is terminated at the Donor CU, the protocol stack of F1 interface needs to be enhanced to support IAB, which may introduce a lot of standardization work while no extra benefit is foreseen.

Proposal 5: It is suggested that the adaptation layer is terminated at the Donor DU. 
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