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1 Introduction

In last RAN3 meeting, a way forward based on offline workshop was given by introducing 2 options for L2 relay and 3 options for L3 relay [1]. Among them, the L2 relay architecture, on the basis of CU-DU split, is introduced. In this contribution, we will address the detailed control plane protocol stack structure for L2 relay.
2 Discussions

As [1], the L2 relay architecture indicates that each IAB node is a DU. However, to access CU@IAB Donor, each DU should act as an UE. Thus, the basic procedure for an IAB node to establish F1interface is that:
· IAB Node, as an UE of CU@IAB Donor, accesses the IAB Donor via the initial UE access procedure; 

· DU part in IAB node establishes the F1 connection with CU@IAB Donor through the connection between MT part of IAB node and CU@IAB Donor. 

During these procedures, the control signaling should be conveyed via IAB Nodes. In general, two options are on the table:
· Alt 1: Control signaling via UP

· Normally, UP and CP have different QoS requirement. If the controlling signaling is sent via UP, the QoS of control signaling may not be guaranteed. To resolve this issue, one possible solution is to define a special DRB, which has the highest priority among other DRBs.  

· Control signaling via CP

· Alt 2: One possible solution is to use the existing SRB (e.g. SRB2). 
· Alt 3: Another solution is to define a new SRB. 
To analyze the protocol stack for both options, the signaling procedure for an UE accessing IAB Donor via two IAB Nodes is given in Fig. 1, where the control signaling is transmitted via special DRB(S-DRB)/new SRB/ existing SRB. Such procedure mainly includes 5 steps:
· Step 1: MT@IAB Node 2 accesses CU@IAB Donor according to the existing initial access procedure in TS38.401. During this procedure, for Alt 1&2, S-DRB/new SRB is configured between MT@IAB Node 2 and DU@IAB Donor, and for Alt.1, F1-U tunnel is set up between CU@IAB Donor and DU@IAB Donor for S-DRB. 

· Step 2: DU@IAB Node 2 establishes F1 connection with CU@IAB Donor. F1 Setup Request/Response message are conveyed via S-DRB/New SRB/existing SRB between MT@IAB Node 2 and DU@IAB Donor, and then transmitted via S-DRB F1-U tunnel/F1AP for new SRB/F1AP for existing SRB between CU@IAB Donor and DU@IAB Donor;
· Step 3: MT@IAB Node 1 accesses CU@IAB Donor according to the existing initial access procedure in TS38.401. The RRC signaling from MT@IAB Node 1 is sent via connection between DU@IAB Node 2 and CU@IAB Donor. With that, for Alt 1&2, S-DRB/new SRB is established between MT@IAB Node 1 and DU@IAB Node 2.

· Step 4: DU@IAB Node 1 establishes F1 connection with CU@IAB Donor. F1 Setup Request/Response message are conveyed via S-DRB/New SRB/existing SRB between MT@IAB Node 1 and DU@IAB Node 2, and then transmitted via S-DRB/New SRB/existing SRB between MT@IAB Node 2 and DU@IAB Donor, and finally conveyed via S-DRB F1-U tunnel/F1AP for new SRB/F1AP for existing SRB between CU@IAB Donor and DU@IAB Donor. 

· Step 5: an UE accesses CU@IAB Donor according to the existing initial access procedure in TS38.401. The UE RRC signaling is sent via connection between DU@IAB Node 1 and CU@IAB Donor.
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Fig. 1 Signalling procedure of UE access via two IAB Nodes

Following the above signalling procedure, the protocol stack for control signalling via UP is given in Fig. 2. In this figure, the control signalling transmission can be divided into two parts: CP part and UP part. It can be understood as follows:
· RRC of MT@IAB Node 2 (blue solid line) + F1AP of DU@IAB Donor (blue dash line)

· CP part: RRC signalling via existing SRBs over NR Uu

· CP part: F1AP (including transferring RRC signalling of MT@IAB Node 2) via F1-C 

· RRC of MT@IAB Node 1 (yellow solid line) + F1AP of DU@IAB Node 2 (yellow dash line)

· CP part: RRC signalling via existing SRBs over NR Uu 

· UP part: F1AP (including transferring RRC signalling of MT@IAB Node 1) via S-DRB and S-DRB F1-U tunnel
· RRC of UE (pink solid line) + F1AP of DU@IAB Node 1 (pink dash line)
· CP part: RRC signalling via existing SRBs over NR Uu

· UP part: F1AP (including transferring RRC signalling of UE) via S-DRB and S-DRB F1-U tunnel
From the figure, it can be observed that the UP part has the similar protocol stack as the user plane protocol stack in [2]. The adaptation layer is used to add DU/MT ID for routing the packet to the correct PDCP layer. The main difference is that for each MT part of IAB node, the SDAP/PDCP layer is used for F1AP message over S-DRB for security protection. One potential problem of this solution is that, considering CP-UP separation of CU, the control signalling will be delivered to CU-UP rather than CU-CP. To solve this issue, two solutions can be considered:
Solution 1: define a new E1AP to transfer F1AP received by CU-UP. 

Solution 2: define the S-DRB is terminated at DU@IAB Donor. With this, once DU@IAB Donor receives control signalling from S-DRB, it will include it in F1AP message and then transmit to CU@IAB Donor. 
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Fig. 2 Control signalling via UP
For control signaling via CP (new SRB or existing SRB), the protocol stack is shown in Fig. 3.  From the figure, it can be observed that no additional protocol layer is needed. However, for each control signaling, once it goes through an IAB node, one additional F1AP/SCTP/IP/RRC/PDCP layer should be added. It results in significant signaling overhead, although the CP can provide better QoS guarantee. 
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Fig. 3 Control signalling via CP
From the above the introduction, we can compare the UP solution and CP solution as the following table. 
	
	Pros. 
	Cons. 

	UP solution (via S-DRB)
	· Less overhead

· Almost unified design with UP protocol stack 
	· Large specification impact (e.g., S-DRB definition, enhancement regarding to CP-UP separation)

	CP solution (via new SRB/existing SRB)
	· Reuse the existing control signaling protocol
	· Large overhead (e.g., the F1AP/SCTP/IP/RRC/PDCP will be increased with the number of IAB nodes over the routing path)


During SI stage, we think the above two options need further study by considering all possible control signaling procedures in IAB. However, we can take these two options as the start point. 
Proposal: the control signaling via UP (S-DRB) and CP (new/existing SRB) can be considered as the start point. 

On the other hand, our thinking is that the multi-hop network introduced by IAB structure will enlarge the transmission delay of the UE data, and such delay will be increased with the number of hops. To reduce the delay, it is important to simplify the processing at the IAB Node and reduce the overhead. Thus, we slightly prefer to UP solution.

3 Conclusion
In this contribution, we discuss the control plane protocol stack, and we propose:

Proposal: the control signaling via UP (S-DRB) and CP (new/existing SRB) can be considered as the start point.
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