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Introduction

According to IAB WID [1], IAB node operating in EN-DC mode is supported, in which the IAB node connects to a MeNB and SgNB simultaneously. For such an IAB node, control plane signaling can be divided into F1AP message, NR RRC message and LTE RRC message. Regarding F1AP signaling delivery, the following two options as shown in Figure 1 were discussed during RAN2#106 meeting. At RAN2#107 meeting, option 2 was mainly discussed, which supports IAB related signalling via LTE MCG leg for NSA deployments, and the following statement was approved:
We identify the impact, attempt to converge on a solution for F1 over LTE in the EN-DC case, decision next meeting. 
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Figure 1  UE and IAB-node operate in NSA with EPC

In this contribution, we first analyze the enhancement to support MT’s NR RRC message transfer, and then give our considerations on F1AP message delivery.  

Discussion 
The deployment scenario of IAB node operating in NSA mode is illustrated in Figure 2. IAB node 1 MT’s RRC message needs to be delivered between IAB node 1 and IAB donor CU, e.g. for NR RRC (re)configuration. On the other hand, F1AP messages shall be delivered between IAB node DU and IAB donor CU in order to fulfill the functions same as in wired F1 interface, e.g. F1 interface management, System Information management, F1 UE context management and RRC message transfer. We discuss the two types of control plane signaling (i.e. RRC message and F1AP message) delivery in NSA deployment respectively in the below.
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Figure 2  IAB node operating in NSA mode
2.1 Delivery of MT’s NR RRC message in NSA deployment
With regard to MT’s NR RRC message between IAB node and IAB donor, for uplink, it could be delivered via ULInformationTransferMRDC message from IAB node MT to MeNB first. And then, the MeNB could send the RRC message to IAB donor CU via UE associated X2AP message, e.g. RRC transfer. This mechanism is already supported in NR for the delivery of NR UE Measurement Report message via MeNB. For downlink, the IAB donor CU could send the RRC message for the IAB node MT to MeNB first via X2AP RRC transfer message. And then, the MeNB could send the RRC message received in the X2AP RRC transfer message to the corresponding IAB node MT via RRC message, e.g. DLInformationTransfer message. As we know, X2AP RRC transfer message is not used for DL RRC message transfer in current specification. And currently there is no LTE RRC message defined for DL NR RRC message transfer. As a result, X2AP RRC transfer message and DL LTE RRC message needs to be enhanced for the delivery of IAB node MT’s DL RRC message between IAB node and IAB donor via MeNB. Figure 3 shows an example of the protocol stack of NR RRC message transmission between IAB node and IAB donor.
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Figure 3  An example of protocol stack for NR RRC message transmission between IAB node and IAB donor
Proposal 1: X2AP RRC transfer message and DL LTE RRC message needs to be enhanced for the delivery of IAB node MT’s DL RRC message between IAB node and IAB donor via LTE air interface. 

2.2 Delivery of F1AP message in NSA deployment
For the F1AP message delivery between IAB node and IAB donor CU via MeNB, the following two options could be considered. 

Option 1. F1AP message encapsulated in LTE RRC message

In this option, the IAB node encapsulates the uplink F1AP message in LTE RRC message, and transmits it via MCG SRB to the MeNB first. Then the MeNB transmits the uplink F1AP message to IAB donor CU via UE associated X2AP message. For the downlink, IAB donor CU encapsulates the F1AP message in the X2AP message and transmits it to the MeNB first. After receiving the X2AP message, the MeNB transmits the F1AP message using LTE RRC message via MCG SRB to the IAB node MT. In this option, LTE RRC message and X2AP message needs to be enhanced for the transfer of F1AP message. 

Proposal 2: F1AP message could be encapsulated in LTE RRC message and relayed via MeNB, LTE RRC message and X2AP message needs to be enhanced for the transfer of F1AP message between IAB node and IAB donor via LTE air interface. 

Option 2. F1AP encapsulated in NR RRC message

In this option, the IAB node encapsulates the uplink F1AP message in NR RRC message first. Then the IAB node MT encapsulates the NR RRC message in the container of LTE RRC message (e.g. ULInformationTransferMRDC message) and transmits it to MeNB, which is the same as NR measurement report message. After receiving the LTE RRC message, the MeNB sends the NR RRC message (containing F1AP message) decapsulated from the LTE RRC message via an X2AP message (e.g. X2AP RRC transfer message) to the IAB donor CU. In this option, existing LTE RRC message and X2AP message could be enhanced for the delivery of IAB node MT’s DL NR RRC message as analyzed above. Meanwhile, NR RRC message needs to be enhanced for the transfer of F1AP message. Besides, the existing RRC Container related IEs in the RRC TRANSFER message can be extended to carry the NR RRC message which encapsulates F1AP message.
Proposal 3: F1AP message could be encapsulated in NR RRC message and relayed via MeNB, NR RRC message needs to be enhanced for the transfer of F1AP message. And the existing RRC Container related IEs in the RRC TRANSFER message can be extended to carry the NR RRC message encapsulating F1AP message.

Since the existing LTE RRC message and X2AP message should be enhanced for the delivery of IAB node MT’s DL NR RRC message as analyzed in section 2.1, on this basis, option 2 only needs NR RRC message to be enhanced for the transfer of F1AP message and minor modification to 36.423, while option 1 needs LTE RRC message and X2AP message to be enhanced for the transfer of F1AP message. Considering the less specification impacts, we prefer option 2.
Proposal 4: The following two options are both workable, but from specification impacts perspective, option 2 is better than option 1.

Option 1. F1AP message encapsulated in LTE RRC message

Option 2. F1AP encapsulated in NR RRC message
Conclusion

In this contribution, we discussed the CP signaling delivery when IAB node operates in NSA mode. And we have the following proposals:

Proposal 1: X2AP RRC transfer message and DL LTE RRC message needs to be enhanced for the delivery of IAB node MT’s DL RRC message between IAB node and IAB donor via LTE air interface. 

Proposal 2: F1AP message could be encapsulated in LTE RRC message and relayed via MeNB, LTE RRC message and X2AP message needs to be enhanced for the transfer of F1AP message between IAB node and IAB donor via LTE air interface. 

Proposal 3: F1AP message could be encapsulated in NR RRC message and relayed via MeNB, NR RRC message needs to be enhanced for the transfer of F1AP message. And the existing RRC Container related IEs in the RRC TRANSFER message can be extended to carry the NR RRC message encapsulating F1AP message.

Proposal 4: The following two options are both workable, but from specification impacts perspective, option 2 is better than option 1.

Option 1. F1AP message encapsulated in LTE RRC message

Option 2. F1AP encapsulated in NR RRC message
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