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1. Introduction
In last RAN2 meeting, IAB workshop proposed a text proposal [1] about control-plane alternatives for architecture group 1, which mainly included potential protocol stacks for UE’s RRC, MT’s RRC and DU’s F1-AP.
This contribution discusses the details of different alternatives and gives comparisons for further decision.
2. Discussion
In IAB CP alternatives text proposal [1], there is only one proposed CP stack alternative for architecture 1b, which is consistent with 1b’s idea of reusing existing procedures and architectures as much as possible. The merit of this CP alternative for architecture 1b is less specification efforts. 
But for CP stacks of architecture 1a, [1] gives three alternatives. In alternative 1, all kinds of signaling are transmitted in the form RRC message. In alternative 2, all kinds of signaling are transmitted in the form F1-AP message. Alternative 3 treats different types with different methods.
· UE’s RRC
In all three alternatives, UE’s RRC is carried over UE’s SRB with PDCP layer between UE and Donor CU-CP to cover security requirements. That is to say, in UE’s access link, all three alternatives have the same processing method.
The key difference is processing method in access IAB node. For Alt 1 and Alt 3, UE’s RRC is treated like normal data to be carried an RLC channel with adaption layer in access IAB’s access link. This RLC channel may have higher priority than DRB’s related channels to guarantee signaling prioritized transmission. For Alt 2, UE’s RRC is encapsulated into a DU’s F1-AP message of its access node, which is aligned with current F1 interface procedure. Consequently these F1-AP messages are carried over DU’s SRB with PDCP layer between access IAB and donor CU-CP. The different effects are as follows:
· Two layers of PDCP are redundant from the perspective of security or other purposes;
· F1-AP encapsulation may reduce some changes for legacy protocol and procedure;
Observation1: Whether it is needed to encapsulate UE’s RRC into DU’s F1-AP depends on compromise between overheads and specification efforts.
· MT’s RRC
In all three alternatives, MT’s RRC is carried over MT’s SRB with PDCP layer between access node and Donor CU-CP to cover security requirements. That is to say, in MT’s access link, all three alternatives have the same processing method.
The key difference is processing method in the second hop. Similar with UE’s RRC, MT’s RRC has different treatments between Alt1&3 and Alt2, i.e. normal data or encapsulation into F1-AP of father node.
Observation2: There needs same consideration for MT’s RRC as UE’s RRC in the second hop.
· DU’s F1-AP
The key difference is whether DU’s F1-AP message needs to be encapsulated into a MT’s RRC message. In Alt 1, encapsulated RRC message is carried on MT’s SRB, which means that it may be multiplexed with current RRC messages on SRB1 or SRB2. In Alt 2&3, F1-AP message is carried on DU’s SRB, which means that there needs some distinguish method from legacy SRB or RRC message, e.g. indicator or separate SRB definition.
Observation3: Whether it is permitted to directly carry a DU’s F1-AP message on SRB also depends on compromise between benefits and specification efforts.
The following table gives a basic comparison and summary for these 3 alternatives:
	
	Alternative 1
(RRC form)
	Alternative 3
(Direct form)
	Alternative 2
(F1-AP form)

	UE’s RRC
	Carried over UE’s SRB with UE PDCP,
on the UE’s access link over an RLC-channel without adaptation layer, 
on the MT’s access link over an RLC channel with adaptation layer; 
	Same as Alt 1;
	Carried over UE’s SRB with UE PDCP,
on the UE’s access link over an RLC-channel without adaptation layer, 
encapsulated in DU’s F1-AP and carried over MT’s SRB with MT PDCP,
on the MT’s access link over an RLC channel w/o adaptation layer;

	MT’s RRC
	Carried over MT’s SRB with MT PDCP,
On the MT’s access link over an  RLC channel w/o adaptation layer;
	Same as Alt 1;
	Carried over MT’s SRB with MT PDCP,
on the MT’s access link over an RLC-channel w/o adaptation layer, 
encapsulated in father DU’s F1-AP and carried over father MT’s SRB with MT PDCP,
on the father MT’s access link over an RLC channel w/o adaptation layer;

	DU’s F1-AP
	encapsulated in MT’s RRC and carried over MT’s SRB with MT PDCP,
On the MT’s access link over an  RLC channel w/o adaptation layer;
	Same as Alt 2;
	Carried over MT’s SRB with MT PDCP,
on the MT’s access link over an RLC-channel w/o adaptation layer;

	Summary
	Compared to Alt2:
Stack is simpler;
All carried over SRB is RRC message;
Specification is clearer and aligned with legacy;
	Compared to Alt1:
Stack is more direct and simpler;
Need some mechanism to distinguish SRBs between carried RRC and F1-AP;
	Compared to Alt1:
Specification effort is lower;
It is aligned with current F1 interface that RRC message is encapsulated in DU’s F1-AP;
Stack is more complex;


Proposal 1: It is proposed to capture the above table into IAB TR.
3. Conclusion 

In this contribution, we discuss and compare three CP stacks alternatives for architecture 1a and have the following observations and proposals:
Observation1: Whether it is needed to encapsulate UE’s RRC into DU’s F1-AP depends on compromise between overheads and specification efforts.
Observation2: There needs same consideration for MT’s RRC as UE’s RRC in the second hop.
Observation3: Whether it is permitted to directly carry a DU’s F1-AP message on SRB also depends on compromise between benefits and specification efforts.
Proposal 1: It is proposed to capture the above table into IAB TR.
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5. Appendix 
8.3.4  CP alternatives for architecture 1a
In architecture 1a, the UE’s and the MT’s UP and RRC traffic can be protected via PDCP over the wireless backhaul. A mechanism has to be defined to also protect F1-AP traffic over the wireless backhaul.

The following three alternatives can be considered. Other alternatives are not precluded.
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Figure 8.3.4- 1: Example for alternative 1 of architecture 1a. 1a: UE’s RRC, 1b: MT’s RRC, 1c: DU’s F1-AP 
Alternative 1: 

Figure 8.3.4-1 shows protocol stacks for UE’s RRC, MT’s RRC and DU’s F1-AP for alternative 1. In these examples, the adaptation layer is placed on top of RLC. On the IAB-node’s access link, the adaptation layer may or may not be included as discussed for U-plane in Section 8.2.2. The example does not preclude other options. This alternative has the following main features:

· The UE’s and the MT’s RRC are carried over SRB. 

· On the UE’s or MT’s access link, the SRB uses an RLC-channel. On theMT’s access link, the RLC channel may or may not have an adaptation layer.

· On the wireless backhaul links, the SRB’s PDCP layer is carried over RLC-channels with adaptation layer. The adaptation layer placement in the RLC channel is the same for C-plane as for U-plane. The information carried on the adaptation layer may be different for SRB than for DRB.

· The DU’s F1-AP is encapsulated in RRC of the collocated MT. F1-AP is therefore protected by the PDCP of the underlying SRB. 

· Within the IAB-donor, the baseline is to use native F1-C stack (see section 9).
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Figure 8.3.4 - 2: Example for alternative 2 of architecture 1a. 2a: UE’s RRC, 2b: MT’s RRC, 2c: DU’s F1-AP

Alternative 2: 

Figure 8.3.4 - 2 shows protocol stacks for UE’s RRC, MT’s RRC and DU’s F1-AP for alternative 2. In these examples, the adaptation layer resides on top of RLC. On the IAB-node’s access link, the adaptation layer may or may not be included as discussed for U-plane in Section 8.2.2. The example does not preclude other options. This alternative has the following main features:

· The UE’s and the MT’s RRC are carried over SRB. 

· On the UE’s or MT’s access link, the SRB uses an RLC-channel. On the MT’s access link, the RLC channel may or may not have an adaptation layer.

· On the wireless backhaul link, the PDCP of the RRC’s SRB is encapsulated into F1-AP. 

· The DU’s F1-AP is carried over an SRB of the collocated MT. F1-AP is protected by this SRB’s PDCP. 

· On the wireless backhaul links, the PDCP of the F1-AP’s SRB is carried over RLC-channels with adaptation layer. The adaptation layer placement in the RLC channel is the same for C-plane as for U-plane. The information carried on the adaptation layer may be different for SRB than for DRB.

· Within the IAB-donor, the baseline is to use native F1-C stack (see section 9)
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Figure 8.3.4 - 3: Example for alternative 3 of architecture 1a. 3a: UE’s RRC, 3b: MT’s RRC, 3c: DU’s F1-AP

Alternative 3: 

Figure 8.3.4 - 3 shows protocol stacks for UE’s RRC, MT’s RRC and DU’s F1-AP for alternative 3. In these examples, the adaptation layer resides on top of RLC. On the IAB-node’s access link, the adaptation layer may or may not be included as discussed for U-plane in Section 8.2.2. The example does not preclude other options. This alternative has the following main features:

· The UE’s and the MT’s RRC are carried over SRB. 

· On the UE’s or MT’s access link, the RRC’s SRB uses an RLC-channel. On the MT’s access link, the RLC channel may or may not have an adaptation layer.

· On the wireless backhaul links, the SRB’s PDCP layer is carried over RLC-channels with adaptation layer. The adaptation layer placement in the RLC channel is the same for C-plane as for U-plane. The information carried on the adaptation layer may be different for SRB than for DRB.

· The DU’s F1-AP is also carried over an SRB of the collocated MT. F1-AP is protected by this SRB’s PDCP. 

· On the wireless backhaul links, the PDCP of the this SRB is also carried over RLC-channels with adaptation layer. 

· Within the IAB-donor, the baseline is to use native F1-C stack (see section 9).

5.1.1 8.3.5 CP alternatives for architecture 1b
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Figure 8.3.5 - 1: RRC and F1-AP for architecture 1b. 4a: UE’s RRC, 4b: MT’s RRC, 4c: DU’s F1-AP

Figure 8.3.5 - 1 shows protocol stacks for UE’s RRC, MT’s RRC and DU’s F1-AP for architecture 1b. In these examples, the adaptation layer carrying the DRB’s PDCP resides on top of RLC. On the IAB-node’s access link, the adaptation layer may or may not be included as discussed for U-plane in Section 8.2.2. The example does not preclude other options.

For architecture 1b, the UE’s or MT’s RRC is carried over SRB. On the wireless backhaul, this SRB’s PDCP is carried over native F1-C.

The DUs on IAB-node and IAB-donor use native F1-C stack. 
· Over the wireless backlinks, the IP-layer of this native F1-C stack is provided by a PDU-session. This PDU-session is established between the MT collocated with the DU and a UPF. 

· The PDU-session is carried by a DRB between the MT and the CU-UP. Between CU-UP and UPF, the PDU-session is carried via NG-U.

· IP transport between UPF and CU-CP is provided by the PDU-session’s DN. The baseline assumption is that this transport is protected. 
Note: SA3 may evaluate requirements on the protection of F1-C transport across the DN between UPF and CU-CP.
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