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Introduction

During RAN3#101bis meeting [1], control plane signaling delivery in NSA deployment were discussed. And a TP to TR 38.874 capturing  CP alternatives for IAB under NSA operation and NSA IAB node integration was agreed in [2].  In this contribution, we discuss the remaining issues regarding CP signaling delivery issue when IAB node operates in NSA mode in RAN2’s perspective.  

Discussion 
As captured in the agreed TP [2] to TR 38.874, in CP alternatives where the IAB node potentially uses a SRB to carry F1-AP to the IAB donor, when the IAB node operates in SA with NGC, the SRB uses the NR air interface. In case the IAB node operates in NSA with EPC, for those CP alternatives the SRB may be carried over the LTE air interface. The deployment scenario of IAB node operates in NSA mode considering CU/DU split is illustrated in Figure 1. IAB node 1 MT’s RRC message needs to be delivered between IAB node 1 and IAB donor CU, e.g. for RRC (re)configuration.  On the other hand, F1AP messages shall be able to 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 type of control plane signaling (i.e. RRC message and F1AP message) delivery in NSA deployment respectively in the below.
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Figure 1. IAB node operates in NSA mode
2.1 Delivery of RRC message in NSA deployment
With regard to RRC message between IAB node and IAB donor, for uplink, it could be delivered via ULInformationTransferMRDC message from IAB node 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.

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, the following two options could be considered. 

Option 1. F1AP encapsulated in LTE RRC message

In this option, IAB node encapsulate the uplink F1AP message in LTE RRC message between UE and MeNB, and transmit it via MCG SRB to MeNB first. Then the MeNB transmits the uplink F1AP message via UE associated X2AP message. For the downlink, IAB donor CU encapsulate the F1AP message in the X2AP message and transmits it to the MeNB first. After the MeNB receives 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. 
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Figure 3. F1AP via LTE RRC 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 to MeNB, which is the same as NR measurement report message. After the MeNB receives the LTE RRC message, the MeNB encapsulates the NR RRC message (containing F1AP message) in a X2AP message (e.g. X2AP RRC transfer message) and sends 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. 
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Figure 4. F1AP via NR RRC 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 between IAB node and IAB donor via LTE air interface. 

A TP to TR 38.874 regarding control plane signaling delivery in NSA deployment is provided in the appendix. 

Proposal 4: RAN2 is suggested to agree the text proposal regarding control plane signaling delivery in NSA deployment. 

Conclusion

In this contribution, we discussed the remaining issues regarding CP signaling delivery issue when IAB node operates in NSA mode in RAN2’s perspective. 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 between IAB node and IAB donor via LTE air interface.

Proposal 4: RAN2 is suggested to agree the text proposal regarding control plane signaling delivery in NSA deployment. 
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Appendix - Text proposal for TR 38.874
<<TP start>>
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 four alternatives can be considered. Other alternatives are not precluded.

<<*snip*>>

Summary:
For Encapsulation (for relaying RRC messages):

Without F1-AP Encapsulation: The IAB node doesn’t use F1-AP to carry UE’s RRC/MT’s RRC. The IAB node maps UE’s RRC/MT’s RRC directly on RLC-channels

Using F1-AP Encapsulation: The IAB node uses F1-AP to carry UE’s RRC/MT’s RRC. The IAB node encapsulates UE’s RRC/MT’s RRC with F1-AP RRC message containers 

Using F1-AP Encapsulation with SCTP/IP: The IAB node uses F1-AP to carry UE’s RRC/MT’s RRC. In addition, the IAB node uses SCTP/IP for adaptation layer.
For Using DRB or SRB for transmission of CP signaling (F1-AP mapping on PDCP entity):

Encapsulated in RRC of the collocated MT: The IAB node encapsulates DU’s F1-AP. F1-AP is protected by the PDCP of the underlying SRB.

Carried via SRB: The IAB node uses another SRB to carry DU’s F1-AP without encapsulation in RRC
Carried over native F1-C: The IAB node uses native F1-C format to carry DU’s F1-AP

Carried over DRB: The IAB node uses a DRB to carry DU’s F1-AP.

For Security of F1-AP:

Via PDCP: F1-AP is protected by the PDCP

Via DTLS: F1-AP is protected by the DTLS

The comparison analysis of the five CP alternatives are provided in the Table 8.3.4-x. More comparison aspects are not excluded.
Table 8.3.4-1. Comparison of the five CP alternatives of architecture 1a 
	Comparison aspects
	Alt 1
	Alt 2
	Alt 3
	Alt 4
	Alt 5
	Comparison analysis

	Transport for CP signaling on wireless plane
	UE/IAB-MT’s RRC
	SRB in access link, SRB over RLC channel in backhaul links
	Same as alt 1
	Same as alt 1
	Same as alt 1
	Same as alt 1
	SRB is recommended to carry UE/IAB-MT’s RRC signaling in all the alternatives.

[TBD for IAB DU’s F1AP]

	
	IAB-DU’s F1AP 
	SRB of collocated MT
	Same as alt 1
	Same as alt 1
	DRB
	[TBD]
	

	Encapsulation 
	UE/IAB-MT’s RRC
	Within PDCP but without encapsulation in F1-AP of serving IAB node
	Within  PDCP and F1-AP of serving IAB node
	Same as alt 1
	Same as alt 2
	Same with alt 1
	[TBD]

	
	IAB-DU’s F1AP
	Within RRC of collocated MT
	Within PDCP of collocated MT
	Same as Alt 2
	Within DTLS/SCTP/IP above RLC channel
	Within PDCP of collocated MT
	[TBD]

	Security of F1AP
	Protected by PDCP 
	Same as alt 1
	Same as alt 1
	Protected by DTLS
	Protected by PDCP
	[TBD]

	Routing of control plane PDUs
	Adaptation layer is responsible for routing
	Same as alt 1
	Same as alt 1
	Same as alt 1
	Same as alt 1
	In all alternatives, the adaptation layer is used for routing.

	Impact to IAB donor
	Native F1-C as baseline
	Same as alt 1
	Same as alt 1
	[TBD]
	Native F1-C over E1
	[TBD]

The detailed impact on native F1-AP needs further study.


NSA operation:
In CP alternatives where the IAB node potentially uses a SRB to carry F1-AP to the IAB donor, when the IAB node operates in SA with NGC (described as “Option a” and “Option b” in Section 6.1.2), the SRB uses the NR air interface. In case the IAB node operates in NSA with EPC (described as “Option c” in Section 6.1.2), for those CP alternatives the SRB may be carried over the LTE air interface. 
Delivery of RRC message in NSA deployment
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. However, X2AP RRC transfer message is not used for DL RRC message transfer in the 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 LTE air interface.

Delivery of F1AP message in NSA deployment

F1AP message between IAB node and IAB donor could be delivered via LTE RRC message. In this option, LTE RRC message and X2AP message needs to be enhanced for the transfer of F1AP message. Alternatively, F1AP message  could be delivered via NR RRC message. Then NR RRC message needs to be enhanced for the transfer of F1AP message.
<<End of  Change>>
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