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Introduction
At the RAN#106 meeting, for IAB NSA operation two SRB options were discussed for delivery of control plane signalling between the CU-CP and IAB nodes [1]:
Option 1: Use same transport over the NR backhaul as in SA mode
Option 2: Use leveraged SRBs over LTE and X2 connection between eNB and donor CU.
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Figure 1. Options for delivery of control plane signalling to IAB node
Per Chairman’s notes from RAN#106 meeting shown below, whether to support option 2 is still FFS. 

- 	Ericsson think that RRC message transmission is still possible by opt2, and wonder why it would be needed to send F1 messages. AT&T think that signalling gets more robust in general and see several cases. KDDI think the intention is to always know the IAB status. 
- 	Nokia think if this is done maybe we should apply also for NR-DC
- 	Verizon think this can be useful in specific scenarios. 
It is FFS whether to support the option 2, e.g. to keep Control Connection with a Donor which is an SN at link break. 

In this contribution we provide motivation to confirm support for such an option and show the small amount of specification needed to support this option. 

Benefits of control plane signalling via LTE MeNB
At RAN#106 meeting, several reasons were discussed for providing control plane signalling for and IAB node via the LTE MeNB over the X2 interface. Especially, several operators saw multiple benefits. Some of these benefits are explained below:
· Latency – When control plane signalling is delivered to an IAB node over the multi-hop IAB architecture, depending upon the number of hops, there could be significant and variable latency for delivery of such signalling to the IAB node. Even if higher QoS is provided to the control plane signalling, the latency over multiple IAB hops is unavoidable. In an NSA architecture, when control plane signalling is delivered via the LTE MeNB, the signalling travels over only one air interface hop from the LTE eNB directly to the IAB node, thereby potentially providing much smaller and potentially more predictable latency. 
· Reliability - Providing control plane connectivity via the LTE MeNB provides an alternate and more reliable path for the NR CU-CP to communicate with an IAB node. Especially for situations where a quick response from the NR CU-CP is needed under certain network conditions (e.g. congestion, route failure, RLF, etc.), control plane connectivity via the LTE MeNB can provide an assured way for the IAB node to contact the NR CU-CP or vice versa.
· Coverage – Since the LTE MeNB operates in sub-6 GHz bands, control plane signalling provided via Option 2 is expected to have more uniform and continuous coverage across the deployed IAB network. While for the most part fixed IAB nodes will be engineered for proper coverage across hops, since mmWave frequencies are still subject to blockage (e.g. a construction crane unexpectedly coming in the way of a planned IAB link). 
· Benefits for F1AP and RRC signalling – Control plane connectivity via the LTE MeNB can provide the above described latency, reliability and coverage benefits not only to a tunnelled F1AP interface to the IAB-DU, but also to RRC signalling delivered to the IAB-MT. Hence, the overall control plane connectivity across the IAB network can be improved with Option 2. 
· Small specification effort – The specification effort required to achieve the above list of benefits is actually quite small. As described in the next section, only a few specification changes are needed. Hence, the specification effort vs. benefit ratio is in favour of benefits significantly enough to justify moving forward with Option 2.

Observation 1 – For IAB NSA operation, providing control plane connectivity to the IAB node via the LTE MeNB can provide significant benefits. 
Based on the above motivation and observation, it is proposed that support for Option 2 for IAB NSA operation be confirmed in Release 16. Early deployments of IAB networks are expected to be in IAB NSA mode, so the benefits from standardizing Option 2 will be realized immediately upon deployment of Release 16 IAB feature. 
Proposal 1 – For IAB NSA operation, RAN2 should confirm support for control plane connectivity of IAB nodes via LTE MeNB (Option 2).

Specification details of control plane signalling delivery via LTE MeNB
This section describes the specification changes that are required to enable delivery of control plane signalling to an IAB node via LTE MeNB. The following two design principles have been followed in designing the proposed solution
· Reuse as many existing Release 15 signalling messages and procedures as possible so that the specification impact for enabling this functionality is minimized. 
· Develop a common solution for delivery of F1AP signalling to the IAB-DU and delivery of RRC signalling to the IAB-MT. 
Keeping the above two design principles in mind, it is proposed that the delivery of control plane signalling to the IAB node be done by tunnelling of F1AP interface via NR RRC of IAB-MT to minimize impact to 36 series specifications. NR RRC signalling between the IAB-MT and NR CU-CP can reuse the split SRB mechanism already specified in Release 15. 
The advantage of this approach is that there is no impact to the F1AP protocol stack and procedures. The IAB-DU and CU-CP simply use the NR RRC of the IAB-MT as an F1AP transport mechanism. The above design framework allows a majority of the solution to reuse existing specification. Only some small specification enhancements are needed to 36.331 and 38.331, which are described in detail in the remaining part of this section, and shown in Annex A and B. 
Proposal 2: For IAB NSA operation, control plane connectivity of IAB nodes via LTE MeNB should be enabled by transparently tunnelling the F1AP interface through the NR RRC of the IAB-MT to minimize specification impact and reuse existing F1AP protocol stack and procedures.
  
Uplink control plane signalling
Uplink delivery of F1AP signalling from the IAB-DU to the CU-CP via the NR RRC signalling of the IAB-MT can be done without any specification impact to 36 series specifications as described below. This keeps the small specification impact limited to 38.331 specifications. 
LTE RRC specification 36.331 already contains an ULInformationTransferMRDC message that is designed to transport the UL-DCCH-Message in the UL-DCCH-MessageNR IE. Currently the use of this field is limited to transfer of NR RRC Measurement Report and NR RRC FailureInformation message. The use of this field needs to be extended to allow transfer of a new NR RRC message that would need to be defined in 38.331, which is suggested to be called NR RRC IABF1APInformationTransferMRDC. With this the ULInformationTransferMRDC message can be completely reused.
When the LTE eNB receives the ULInformationTransferMRDC message from the IAB-MT, it realizes that the UL-DCCH-Message is meant to be sent to the NR CU-CP via the RRC Container in the RRC TRANSFER message of the X2AP interface defined in section 9.1.4.21 of 36.423 specification. The LTE eNB does not need to recognize that the UL-DCCH-Message now contains the IABF1APInformationTransferMRDC message embedded in it as opposed to the NR RRC Measurement Report or NR RRC FailureInformation message. 
There should be no changes needed to 36.423 X2AP interface specification.
When the UL-DCCH-Message reaches the NR RRC layer at the CU-CP, it realizes that it contains the IABF1APInformationTransferMRDC message. So the NR RRC layer extracts the embedded IP packet and routes it internally within the CU-CP to the corresponding F1AP/DTLS/SCTP/IP stack. 
In summary, the following relatively small changes are needed to support tunnelling of uplink F1AP signalling via NR RRC of IAB-MT to the NR CU-CP.
· 36.331 – No changes to message or IE definitions. Only minor text change to indicate additional usage of UL-DCCH-MessageNR field to transfer a new NR RRC message IABF1APInformationTransferMRDC.
· 38.331 – Add new UL-DCCH-MessageType to UL-DCCH-Message message to carry the IABF1APInformationTransferMRDC message. Add new IABF1APInformationTransferMRDC message. Some additional text for description, etc. 
· 36.423 – No changes
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Figure 2. Uplink F1AP signalling from IAB-DU to NR CU-CP via LTE eNB
Downlink control plane signalling
Unlike the uplink, 36.331 specifications do not contain a DLInformationTransferMRDC message to carry a NR DL-DCCH-Message to the UE. However, 36.331 does have a DLInformationTransfer message that is currently is used to transfer a NAS message to the UE. This framework can be enhanced by defining a DLInformationTransferMRDC message to transport a DL-DCCH-Message. Such feature-specific usage is not unprecedented because NB-IoT already uses a DLInformationTransferNB message.  The definition of such a DLInformationTransferMRDC message is suggested in Annex A. 
As shown in Annex A, the DLInformationTransferMRDC message can contain a DL-DCCH-MessageNR message that includes the NR DL-DCCH-Message defined in 38.331. The NR DL-DCCH-Message can be allowed to carry the proposed newly defined IABF1APInformationTransferMRDC message. The NR CU-CP encapsulates the IP packet corresponding to the F1AP interface to the target IAB-DU in this proposed newly defined IABF1APInformationTransferMRDC message, which is carried by the DL-DCCH-Message.  
The DL-DCCH-Message is transported to the LTE eNB over the X2AP interface through a split bearer related RRC Container in the RRC TRANSFER message already defined in the X2AP specification 36.423. When the LTE eNB receives this RRC Container, it takes the embedded DL-DCCH-Message from the RRC Container and sends it to the IAB-MT using the new LTE RRC DLInformationTransferMRDC message. 
When the LTE RRC at the IAB-MT receives the DL-DCCH-Message from the DLInformationTransferMRDC message, it recognizes that it contains the IABF1APInformationTransferMRDC message, and extracts the IP packet corresponding to the F1AP interface and forwards it to the co-located IAB-DU. The IAB-DU processes the received IP packet as normal through the F1AP protocol stack. 
In summary, the following relatively small changes are needed to support tunnelling of downlink F1AP signalling via NR RRC of IAB-MT to the NR CU-CP.
· 36.331 – Define new DLInformationTransferMRDC message to transfer NR DL-DCCH-Message from LTE eNB to IAB-MT. Minor text change to indicate additional usage of DL-DCCH-MessageNR field to transfer a new NR RRC message IABF1APInformationTransferMRDC.
· 38.331 – Add new DL-DCCH-MessageType to DL-DCCH-Message message to carry the IABF1APInformationTransferMRDC message. Reuse common IABF1APInformationTransferMRDC message proposed in uplink section. Some additional text for description, etc. 
· 36.423 – No changes
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Figure 3. Downlink F1AP signaling from NR CU-CP to IAB-DU via LTE eNB


Proposal 3: For IAB NSA operation, RAN2 should discuss details of specification changes needed to enable delivery of control plane signaling to an IAB node via the LTE MeNB.

Conclusion
In this contribution we provided motivation to confirm support for Option 2 (delivery of control plane signalling to IAB node via LTE MeNB for IAB NSA operation), and showed the small amount of specification work needed to support this option. The following observations and proposals were made:
Observation 1 – For IAB NSA operation, providing control plane connectivity to the IAB node via the LTE MeNB can provide significant benefits. 
Proposal 1 – For IAB NSA operation, RAN2 should confirm support for control plane connectivity of IAB nodes via LTE MeNB (Option 2).
Proposal 2: For IAB NSA operation, control plane connectivity of IAB nodes via LTE MeNB should be enabled by transparently tunnelling the F1AP interface through the NR RRC of the IAB-MT to minimize specification impact and reuse existing F1AP protocol stack and procedures.
Proposal 3: For IAB NSA operation, RAN2 should discuss details of specification changes needed to enable delivery of control plane signaling to an IAB node via the LTE MeNB.
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Annex A – Changes to 36.331
This section describes changes required to 36.331 specifications. Mainly changes to message definitions are described. RAN2 can determine exact text changes during stage 3. 
[bookmark: _Toc12745736]6.2.2	Message definitions
. . .
[bookmark: _Toc12745732]–	DL-DCCH-Message
The DL-DCCH-Message class is the set of RRC messages that may be sent from the E‑UTRAN to the UE or from the E-UTRAN to the RN on the downlink DCCH logical channel.
-- ASN1START

DL-DCCH-Message ::= SEQUENCE {
	message					DL-DCCH-MessageType
}

DL-DCCH-MessageType ::= CHOICE {
	c1						CHOICE {
		csfbParametersResponseCDMA2000			CSFBParametersResponseCDMA2000,
		dlInformationTransfer					DLInformationTransfer,
		handoverFromEUTRAPreparationRequest		HandoverFromEUTRAPreparationRequest,
		mobilityFromEUTRACommand				MobilityFromEUTRACommand,
		rrcConnectionReconfiguration			RRCConnectionReconfiguration,
		rrcConnectionRelease					RRCConnectionRelease,
		securityModeCommand						SecurityModeCommand,
		ueCapabilityEnquiry						UECapabilityEnquiry,
		counterCheck							CounterCheck,
		ueInformationRequest-r9					UEInformationRequest-r9,
		loggedMeasurementConfiguration-r10		LoggedMeasurementConfiguration-r10,
		rnReconfiguration-r10					RNReconfiguration-r10,
		rrcConnectionResume-r13					RRCConnectionResume-r13,
		dlInformationTransferMRDC-r16          	DLInformationTransferMRDC-r16,
		spare3 NULL, spare2 NULL, spare1 NULL
	},
	messageClassExtension	SEQUENCE {}
}

-- ASN1STOP

. . .

–	DLInformationTransferMRDC
The DLInformationTransferMRDC message is used for the downlink transfer of MR DC information.
Signalling radio bearer: SRB1
RLC-SAP: AM
Logical channel: DCCH
Direction: E‑UTRAN to UE
DLInformationTransferMRDC message
-- ASN1START

DLInformationTransferMRDC-r16 ::=	SEQUENCE {
	criticalExtensions					CHOICE {
		c1									CHOICE {
			dlInformationTransferMRDC-r16			DLInformationTransferMRDC-r16-IEs,
			spare3 NULL, spare2 NULL, spare1 NULL
		},
		criticalExtensionsFuture			SEQUENCE {}
	}
}

DLInformationTransferMRDC-r16-IEs ::=	SEQUENCE {
	dl-DCCH-MessageNR-r16			OCTET STRING						OPTIONAL,
	lateNonCriticalExtension		OCTET STRING						OPTIONAL,
	nonCriticalExtension			SEQUENCE {}							OPTIONAL
}
-- ASN1STOP

	DLInformationTransferMRDC field descriptions

	dl-DCCH-MessageNR
Includes the DL-DCCH-Message as defined in TS 38.331 [82]. In case of IAB-MT in EN-DC mode, this field may be used to transfer the NR RRC IABF1APInformationTransferMRDC message.



. . .

[bookmark: _Toc12745794]–	ULInformationTransferMRDC
The ULInformationTransferMRDC message is used for the uplink transfer of MR DC information (i.e. for the case the SCG employs another RAT e.g. for transferring the NR RRC Measurement Report message).
Signalling radio bearer: SRB1
RLC-SAP: AM
Logical channel: DCCH
Direction: UE to E‑UTRAN
ULInformationTransferMRDC message
-- ASN1START

ULInformationTransferMRDC-r15 ::=	SEQUENCE {
	criticalExtensions					CHOICE {
		c1									CHOICE {
			ulInformationTransferMRDC-r15			ULInformationTransferMRDC-r15-IEs,
			spare3 NULL, spare2 NULL, spare1 NULL
		},
		criticalExtensionsFuture			SEQUENCE {}
	}
}

ULInformationTransferMRDC-r15-IEs ::=	SEQUENCE {
	ul-DCCH-MessageNR-r15			OCTET STRING						OPTIONAL,
	lateNonCriticalExtension		OCTET STRING						OPTIONAL,
	nonCriticalExtension			SEQUENCE {}							OPTIONAL
}
-- ASN1STOP

	ULInformationTransferMRDC field descriptions

	ul-DCCH-MessageNR
Includes the UL-DCCH-Message as defined in TS 38.331 [82]. In this version of the specification, the field is only used to transfer the NR RRC MeasurementReport and the NR RRC FailureInformation messages. In case of IAB-MT in EN-DC mode, this field may be used to transfer the NR RRC IABF1APInformationTransferMRDC message.




Annex B – Changes to 38.331
This section describes changes required to 38.331 specifications. Mainly changes to message definitions are described. RAN2 can determine exact text changes during stage 3. 
[bookmark: _Toc12718162]6.2	RRC messages
[bookmark: _Toc12718163]6.2.1	General message structure
. . .
[bookmark: _Toc12718168]–	DL-DCCH-Message
The DL-DCCH-Message class is the set of RRC messages that may be sent from the network to the UE on the downlink DCCH logical channel.
-- ASN1START
-- TAG-DL-DCCH-MESSAGE-START

DL-DCCH-Message ::=              SEQUENCE {
    message                         DL-DCCH-MessageType
}

DL-DCCH-MessageType ::=         CHOICE {
    c1                              CHOICE {
        rrcReconfiguration              RRCReconfiguration,
        rrcResume                       RRCResume,
        rrcRelease                      RRCRelease,
        rrcReestablishment              RRCReestablishment,
        securityModeCommand             SecurityModeCommand,
        dlInformationTransfer           DLInformationTransfer,
        ueCapabilityEnquiry             UECapabilityEnquiry,
        counterCheck                    CounterCheck,
        mobilityFromNRCommand           MobilityFromNRCommand,
		iabF1apInformationTransferMRDC	IABF1APInformationTransferMRDC,
        spare7 NULL,
        spare6 NULL, spare5 NULL, spare4 NULL,
        spare3 NULL, spare2 NULL, spare1 NULL
    },
    messageClassExtension   SEQUENCE {}
}

-- TAG-DL-DCCH-MESSAGE-STOP
-- ASN1STOP

. . .

[bookmark: _Toc12718172]–	UL-DCCH-Message
The UL-DCCH-Message class is the set of RRC messages that may be sent from the UE to the network on the uplink DCCH logical channel.
-- ASN1START
-- TAG-UL-DCCH-MESSAGE-START

UL-DCCH-Message ::=             SEQUENCE {
    message                         UL-DCCH-MessageType
}

UL-DCCH-MessageType ::=         CHOICE {
    c1                              CHOICE {
        measurementReport               MeasurementReport,
        rrcReconfigurationComplete      RRCReconfigurationComplete,
        rrcSetupComplete                RRCSetupComplete,
        rrcReestablishmentComplete      RRCReestablishmentComplete,
        rrcResumeComplete               RRCResumeComplete,
        securityModeComplete            SecurityModeComplete,
        securityModeFailure             SecurityModeFailure,
        ulInformationTransfer           ULInformationTransfer,
        locationMeasurementIndication   LocationMeasurementIndication,
        ueCapabilityInformation         UECapabilityInformation,
        counterCheckResponse            CounterCheckResponse,
        ueAssistanceInformation         UEAssistanceInformation,
        failureInformation              FailureInformation, 
        ulInformationTransferMRDC       ULInformationTransferMRDC,
        scgFailureInformation           SCGFailureInformation,
        scgFailureInformationEUTRA      SCGFailureInformationEUTRA
    },
    messageClassExtension           SEQUENCE {
		c2							CHOICE {
			iabF1apInformationTransferMRDC	IABF1APInformationTransferMRDC,
			spare3 NULL, spare2 NULL, spare1 NULL
		},
		messageClassExtensionFuture-r16		SEQUENCE {}
	}
}

-- TAG-UL-DCCH-MESSAGE-STOP
-- ASN1STOP

. . .

[bookmark: _Toc12718173]6.2.2	Message definitions
. . .
–	IABF1APInformationTransferMRDC
The IABF1APInformationTransferMRDC message is used for the transfer of F1AP information from the IAB-MT to NR CU-CP or vice-versa when IAB-MT is operating in EN-DC mode.
Signalling radio bearer: SRB1
RLC-SAP: AM
Logical channel: DCCH
Direction: UE to Network and Network to UE
IABF1APInformationTransferMRDC message
-- ASN1START
-- TAG-IABF1APINFORMATIONTRANSFERMRDC-START

IABF1APInformationTransferMRDC ::=               SEQUENCE {
    criticalExtensions                          CHOICE {
        c1                                          CHOICE {
            iabF1APInformationTransferMRDC                   IABF1APInformationTransferMRDC-IEs,
            spare3 NULL, spare2 NULL, spare1 NULL
        },
        criticalExtensionsFuture            SEQUENCE {}
    }
}

IABF1APInformationTransferMRDC-IEs::=           SEQUENCE {
    iabF1APContainer                           	OCTET STRING                    OPTIONAL,
    lateNonCriticalExtension                    OCTET STRING                    OPTIONAL,
    nonCriticalExtension                        SEQUENCE {}                     OPTIONAL
}

-- TAG-IABF1APINFORMATIONTRANSFERMRDC-STOP
-- ASN1STOP

	IABF1APInformationTransferMRDC field descriptions

	iabF1APContainer
For IAB-MT operating in EN-DC mode, this field contains an IP packet corresponding to the IP layer carrying the F1-C signalling bearer as described in 38.472.
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