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1 Introduction

CP signalling protocols in SA mode were discussed and has been captured in the TR 38.874, but it is still not clear how control plane signalling is transmitted when IAB-node operates in NSA mode. Therefore, in this contribution, we mainly discuss the CP signalling transmission in IAB NSA. 
2 Discussion
According to TR 38.874 [1], the IAB-node can operate in SA or in NSA mode. When the IAB-node operates in NSA mode, as shown in figure 1, both the UE and IAB-node operate in NSA mode with EPC providing core network functionality. 
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Figure 1 Example for operation in NSA mode
In addition to the UE’s LTE RRC message and IAB-node MT’s LTE RRC message which are transmitted via SRB1/2 on LTE Uu, there are three other types of control plane signalling in NSA mode, including:

· IAB-node MT’s NR RRC message

· IAB-node DU’s F1AP message

· UE’s NR RRC message
Three options may be considered on how to carry these three types of control plane signalling in NSA mode.

Option 1: All three types of CP signalling are transmitted via NR path directly. 
IAB-node MT attaches to the LTE eNB as a normal UE at power-up, and then NR IAB-donor is configured as a SCG to IAB-node MT. During the SCG addition procedure, SRB3 is established between IAB-node MT and IAB-donor. Therefore, the IAB-node MT’s NR RRC message is carried over SRB3 on NR Un between IAB-node and IAB-donor. Within the IAB-donor, a native F1-C stack is reused, see a) in figure 2. 
After SCG addition, the IAB-node DU is instantiated and performs theF1AP setup procedure between IAB-node DU and IAB-donor CU. The IAB-node DU’s F1AP message is carried over SRB3 of the collocated MT, see b) in figure 2. F1AP is protected by SRB3’s PDCP. 
After the IAB-node’s DU is setup, the IAB-node can provide services to UEs and other IAB nodes. Based on the UE measurement report, the LTE eNB chooses the IAB-donor as a SCG for the UE. During the SCG addition procedure, SRB3 is established between the UE and IAB-donor. Therefore, the UE’s NR RRC message is carried over SRB3 on NR Uu between UE and IAB-node, and then the UE’s NR RRC message is encapsulated into the IAB node’s DU F1AP message, see c) in figure 2. 
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Figure 2 Example for option 1. a: MT’s NR RRC, b: MT’s F1AP, c: UE’s NR RRC
Option 2: All three types of CP signalling are forwarded via LTE path. 
In this option, SRB3 is not established during SCG addition procedure. All these three types of CP signalling need to be forwarded via the LTE path. 
Similar to a normal NSA UE, the IAB-node MT’s NR RRC message is encapsulated into the IAB-node’s MT LTE RRC message, and forwarded via SRB1/2 on LTE Uu between IAB-node and LTE eNB and via X2AP on X2-C between LTE eNB and IAB-donor, see a) in figure 3. 
For the IAB-node’s DU F1AP message, there are two transmission solutions. As shown in b) of figure 3, one solution is that the IAB-node’s DU F1AP message is encapsulated into the IAB-node’s MT NR RRC message, and then the IAB-node’s MT NR RRC message is encapsulated into the IAB-node’s MT LTE RRC message. The other solution is that the IAB-node’s DU F1AP message is encapsulated into the IAB-node’s MT LTE RRC message directly. Compared with the former, the latter has great impact on LTE RRC message and X2AP message.
Reusing the existing NSA mechanism, the UE’s NR RRC message is encapsulated into the UE’s LTE RRC message, and is forwarded via SRB1/2 on LTE Uu between the UE and LTE eNB, and X2AP on X2-C between the LTE eNB and IAB-donor, see c) in figure 3. 
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Figure 3 Example for option 2. a: MT’s NR RRC, b: MT’s F1AP, c: UE’s NR RRC
Option 3: Both IAB-node’s MT NR RRC message and the IAB-node’s DU F1AP message are transmitted via NR path, but the UE’s NR RRC message is forwarded via LTE path. 
This option is a hybrid solution of option 1 and option 2. In this option, SRB3 is only established for the IAB-node between IAB-node and IAB-donor. 
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Figure 4 Example for option 3. a: MT’s NR RRC, b: MT’s F1AP, c: UE’s NR RRC
Based on the above analysis, all the above three options are feasible for CP signalling transmission in IAB NSA. Down selection between these three options can be done in the WI phase.
Observation: The following three options can be used to transmit CP signalling in IAB NSA, including IAB-node’s MT NR RRC, IAB-node’s DU F1AP and UE’s NR RRC.
· Option 1: All these three types of CP signalling are transmitted via the NR path.

· Option 2: All these three types of CP signalling are forwarded via the LTE path.
· Option 3: A hybrid solution of option 1 and option 2. That is, both the IAB-node’s MT NR RRC and the IAB-node’s DU F1AP are transmitted via the NR path, but the UE’s NR RRC message is forwarded via the LTE path. 

Proposal : Capture the above three options for CP signalling transmission in IAB NSA into TR 38.874.

3 Conclusion
In this contribution, we mainly discuss the CP signalling transmission in IAB NSA, and have the following observation and proposal:

Observation: The following three options can be used to transmit CP signalling in IAB NSA, including IAB-node’s MT NR RRC, IAB-node’s DU F1AP and UE’s NR RRC.

· Option 1: All these three types of CP signalling are transmitted via the NR path.

· Option 2: All these three types of CP signalling are forwarded via the LTE path.
· Option 3: A hybrid solution of option 1 and option 2. That is, both the IAB-node’s MT NR RRC and the IAB-node’s DU F1AP are transmitted via NR path, but the UE’s NR RRC message is forwarded via LTE path. 

Proposal : Capture the above three options for CP signalling transmission in IAB NSA into TR 38.874.
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8.3.6
CP alternatives for NSA-mode

For NSA-mode, in addition to the UE’s LTE RRC message and IAB-node MT’s LTE RRC message which are transmitted via SRB1/2 on LTE Uu, there are three other types of control plane signalling, including:

· IAB-node MT’s NR RRC message

· IAB-node DU’s F1AP message

· UE’s NR RRC message
Three Alternatives may be considered on how to carry these three types of control plane signalling in NSA mode.

Alternative 1:
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Figure 8.3.6-1 Example for alternative 1. a: MT’s NR RRC, b: MT’s F1AP, c: UE’s NR RRC
Figure 8.3.6-1 shows protocol stacks for MT’s NR RRC, MT’s F1AP and UE’s NR RRC for alternative 1. This alternative has the following main features:
· MT’s NR RRC and UE’s NR RRC are carried over SRB3.

· DU’s F1AP is carried over SRB3 of the collocated MT. 

· Within the IAB-donor, native F1-C stack is reused.
Alternative 2:
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Figure 8.3.6-2 Example for alternative 2. a: MT’s NR RRC, b: MT’s F1AP, c: UE’s NR RRC
Figure 8.3.6-2 shows protocol stacks for MT’s NR RRC, MT’s F1AP and UE’s NR RRC for alternative 2. This alternative has the following main features:
· MT’s NR RRC is encapsulated into MT’s LTE RRC, and is forwarded via SRB1/2 on LTE Uu and X2AP on X2-C.

· DU’s F1AP can be encapsulated into the collocated MT’s LTE RRC directly, or can first be encapsulated into the collocated MT’s NR RRC, and then encapsulated into the MT’s LTE RRC.
· UE’s NR RRC is encapsulated into the UE’s LTE RRC, and is forwarded via SRB1/2 on LTE Uu and X2AP on X2-C.
Alternative 3:
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Figure 8.3.6-3 Example for alternative 3. a: MT’s NR RRC, b: MT’s F1AP, c: UE’s NR RRC
Figure 8.3.6-3 shows protocol stacks for MT’s NR RRC, MT’s F1AP and UE’s NR RRC for alternative 3. This alternative is a hybrid solution of alternative 1 and alternative 2, and has the following main features:
· MT’s NR RRC are carried over SRB3.

· DU’s F1AP is carried over SRB3 of the collocated MT. 

· Within the IAB-donor, native F1-C stack is reused.
· UE’s NR RRC is encapsulated into UE’s LTE RRC, and is forwarded via SRB1/2 on LTE Uu and X2AP on X2-C.
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