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1 Introduction
In RAN2#98 meeting [1], an email discussion was allocated to cover the NR RRC state transition based on the meeting agreements: [98#30][NR] RRC Connection Control (Intel). In the email discussion, NAS message in MSG3 and to support fast redirection were mentioned, but there is no conclusion.  
In this contribution, we discuss and analyze the detail of RRC connection establishment procedure and provide our opinion on whether the enhancement is needed. 
2 Discussion
2.1 Latency consideration
RAN2 agreed three-step handshake procedure (e.g. request, setup, complete) will be used for the RRC state transition from IDLE to CONNECTED, then the LTE RRC connection establishment procedure can be used as a baseline [2]. The whole procedure from IDLE to CONNECTED can be found as below:
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Fig 1 Transition IDLE to CONNECTED in LTE (example for Rel-8)
In [2], C-plane latency analysis for Rel-8 is listed below:

Table 1: C-plane latency analysis for Rel-8
	Component
	Description
	Minimum

[ms]
	Average 

[ms]

	1
	Average delay due to RACH scheduling period
	0.5
	2.5

	2
	RACH Preamble
	1
	1

	3-4
	Preamble detection and transmission of RA response (Time between the end RACH transmission and UE’s reception of scheduling grant and timing adjustment)
	3
	5

	5
	UE Processing Delay (decoding of scheduling grant, timing alignment and C-RNTI assignment + L1 encoding of RRC Connection Request)
	5
	5

	6
	Transmission of RRC Connection Request
	1
	1

	7
	Processing delay in eNB (L2 and RRC)
	4
	4

	8
	Transmission of RRC Connection Set-up (and UL grant)
	1
	1

	9
	Processing delay in the UE (L2 and RRC)
	15
	15

	10
	Transmission of RRC Connection Set-up complete (including NAS Service Request)
	1
	1

	11
	Processing delay in eNB (Uu –> S1-C)
	4
	4

	12
	S1-C Transfer delay
	T_S1
	T_S1

	13
	MME Processing Delay (including UE context retrieval of 10ms)
	15
	15

	14
	S1-C Transfer delay
	T_S1
	T_S1

	15
	Processing delay in eNB (S1-C –> Uu)
	4
	4

	16
	Transmission of RRC Security Mode Command and Connection Reconfiguration (+TTI alignment)
	1.5
	1.5

	17
	Processing delay in UE (L2 and RRC)
	20
	20

	
	Total delay [ms]
	76
	80


Note 1:
The figures included in Steps 12 and 14 are not included in the latency requirement and are outside the scope of RAN WG2, therefore they are not included in the total delay.
From the above table, we can see the total latency from IDLE to connected mode is around 70ms. 

According to [3], the NR requirement for C-plane is:

Control plane latency refers to the time to move from a battery efficient state (e.g., IDLE) to start of continuous data transfer (e.g., ACTIVE).
The target for control plane latency should be 10ms.

We can see there is the huge gap between LTE mechanism and the 5G requirement. Therefore the enhancement on the initial setup procedure is needed.

Observation 1: To achieve 5G control plane latency requirement 10ms, the enhancement is needed to reduce the latency compared with LTE establishment procedure. 

To achieve this requirement, physical layer/L2 and RRC layers should be optimized. In this paper, we focus on RRC layer.
From RRC layer, we can consider to reduce the procedure or enable the parallel handling between AS and CN.
In the Fig 1, if the gNB receives the NAS message in the request message, the steps 8~11 and steps 12~15 can be performed concurrently. Then about 20ms will be reduced for C-plane latency as taking LTE as the example (in the table 1, step 8~11 and step 12~15 can be concurrent). 
In LTE, the first CCCH request may have the limitation of message size. But in NR, it was agreed that: the design of RA procedure in NR needs to support flexible Msg3 size [4]. Then the NAS PDU can be carried in the request message to reduce the procedure delay. 
To help the gNB to find the suitable 5G CN, the NG core node selection information like selected PLMN should also be included in the request message.
Proposal 1: To reduce the CP latency, NAS and NG core node selection information should be carried in the RRCConnectionRequest message.  
Then the procedure for the state transition from IDLE to CONNECTED in NR is shown below:
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Fig 2 Transition IDLE to CONNECTED in NR
We can see the total latency will be around 50ms. It still cannot meet the 5G requirement. Since the total UE/eNB/CN processing delay contributed more than half of the total latency, i.e. step 3(3ms) + step 5(5ms) + step 7(4ms) + step 9(15ms) + step 11(4ms) + step 13 (20ms) = 51ms. To reduce the latency additionally for the transition from IDLE to connected mode, we should reduce the UE/RAN processing delay. 
Proposal 2: To reduce the CP latency, UE/RAN processing delay should be reduced. 

2.2 LF assisted HF
In [5], some potential issues for high frequency operations are listed. It is analyzed that the complexity of beamforming in standalone HF system will have some impact on network and device discovery and RACH. Then the RRC connection establishment procedure for HF system shall be improved.
Considering the advantage of LF, LF-assistance in HF operations can be introduced. The UE could initiate the RRC connection establishment procedure in a LF cell and the network could redirect UE to the HF cell using RRCConnectionSetup message according to the measurement results of HF cells in the RRCConnectionRequest message if necessary. The configuration for HF link can be included in the RRCConnectionSetup message, and other RACH procedure in HF cell will be saved. 
Proposal 3: The UE can be redirect to another cell/frequency via RRCConnectionSetup message.
Moreover, if the gNB obtains the UE access capability earlier, it can configure the measurement and radio configuration for HF link more accurate and earlier in the RRCConnectionSetup message. In NR, the UE supported frequency and basic capability can be included in the RRCConnectionRequest message. Considering the size of Msg3, some capability index or model id can be included to reduce the size of the message [8].
Proposal 4: Include basic capability, e.g. supported frequencies in MSG3, e.g. for earlier configuring measurement and radio parameters.
In addition, during the email discussion, some companies would like to get the input from RAN1 on MSG3 size in order to evaluate whether NAS can be contained in MSG 3 or not. We should send LS to RAN1 on it.

Proposal 5: Send LS to RAN1, ask them what MSG3 size will be.

Here we take LTE as baseline to calculate the size of MSG3:
Size of legacy LTE MSG3:

	IE
	Size (bit)

	Structure of the message
	3

	ue-Identity
	41

	establishmentCause
	3

	spare
	1

	Total
	48


If the NAS and CN selection info are included in the RRCConnectionSetup message, the total size of the MSG3 will be:
	IE
	Size (bit)

	Structure of the message
	3

	ue-Identity
	41

	establishmentCause
	3

	spare
	1

	selectedPLMN-Identity
	3

	registeredMME(OP)
	52

	dedicatedInfoNAS
	32

	Total
	135


Note: the Service Request is used as the NAS message.

The total MAC PDU size will be 18 bytes.
3 Conclusion
In this paper we discuss and analyze the RRC connection establishment procedure based NR requirement and propose:
Observation 1: To achieve 5G control plane latency requirement 10ms, the enhancement is needed to reduce the latency compared with LTE establishment procedure. 

Proposal 1: To reduce the CP latency, NAS and NG core node selection information if needed should be carried in the RRCConnectionRequest message. 

Proposal 2: To reduce the CP latency, UE/RAN processing delay shall be reduced.
Proposal 3: The UE can be redirect to another cell/frequency via RRCConnectionSetup message.
Proposal 4: Include basic capability, e.g. supported frequencies in MSG3, e.g. for earlier configuring measurement and radio parameters.
Proposal 5: Send LS to RAN1, ask them what MSG3 size will be.
The draft LS is provided in [7].
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5 Annex
–
UL-CCCH-Message
The UL-CCCH-Message class is the set of RRC messages that may be sent from the UE to the E‑UTRAN on the uplink CCCH logical channel.

-- ASN1START

UL-CCCH-Message ::= SEQUENCE {


message




UL-CCCH-MessageType

}

UL-CCCH-MessageType ::= CHOICE {


c1





CHOICE {



rrcConnectionReestablishmentRequest

RRCConnectionReestablishmentRequest,



rrcConnectionRequest




RRCConnectionRequest


},


messageClassExtension
CHOICE {



c2





CHOICE {




rrcConnectionResumeRequest-r13


RRCConnectionResumeRequest-r13



},



messageClassExtensionFuture-r13
SEQUENCE {}



}

}

-- ASN1STOP

–
RRCConnectionRequest
The RRCConnectionRequest message is used to request the establishment of an RRC connection.

Signalling radio bearer: SRB0

RLC-SAP: TM

Logical channel: CCCH

Direction: UE to E‑UTRAN

RRCConnectionRequest message
-- ASN1START

RRCConnectionRequest ::=


SEQUENCE {


criticalExtensions




CHOICE {



rrcConnectionRequest-r8



RRCConnectionRequest-r8-IEs,



criticalExtensionsFuture


SEQUENCE {}


}

}

RRCConnectionRequest-r8-IEs ::=

SEQUENCE {


ue-Identity






InitialUE-Identity,


establishmentCause




EstablishmentCause,


spare







BIT STRING (SIZE (1))

}

InitialUE-Identity ::=



CHOICE {


s-TMSI







S-TMSI,


randomValue






BIT STRING (SIZE (40))

}

EstablishmentCause ::=



ENUMERATED {











emergency, highPriorityAccess, mt-Access, mo-Signalling,











mo-Data, delayTolerantAccess-v1020, mo-VoiceCall-v1280, spare1}

-- ASN1STOP

-- ASN1START

RRCConnectionSetupComplete ::=

SEQUENCE {


rrc-TransactionIdentifier


RRC-TransactionIdentifier,


criticalExtensions




CHOICE {



c1








CHOICE{




rrcConnectionSetupComplete-r8

RRCConnectionSetupComplete-r8-IEs,




spare3 NULL, spare2 NULL, spare1 NULL



},



criticalExtensionsFuture


SEQUENCE {}


}

}

RRCConnectionSetupComplete-r8-IEs ::= SEQUENCE {


selectedPLMN-Identity



INTEGER (1..maxPLMN-r11),


registeredMME





RegisteredMME





OPTIONAL,


dedicatedInfoNAS




DedicatedInfoNAS,


nonCriticalExtension



RRCConnectionSetupComplete-v8a0-IEs
OPTIONAL

}

RRCConnectionSetupComplete-v8a0-IEs ::= SEQUENCE {


lateNonCriticalExtension


OCTET STRING





OPTIONAL,


nonCriticalExtension



RRCConnectionSetupComplete-v1020-IEs
OPTIONAL

}

RRCConnectionSetupComplete-v1020-IEs ::= SEQUENCE {


gummei-Type-r10





ENUMERATED {native, mapped}


OPTIONAL,


rlf-InfoAvailable-r10



ENUMERATED {true}




OPTIONAL,


logMeasAvailable-r10



ENUMERATED {true}




OPTIONAL,


rn-SubframeConfigReq-r10


ENUMERATED {required, notRequired}
OPTIONAL,


nonCriticalExtension



RRCConnectionSetupComplete-v1130-IEs
OPTIONAL

}

RRCConnectionSetupComplete-v1130-IEs ::= SEQUENCE {


connEstFailInfoAvailable-r11

ENUMERATED {true}



OPTIONAL,


nonCriticalExtension



RRCConnectionSetupComplete-v1250-IEs

OPTIONAL

}

RRCConnectionSetupComplete-v1250-IEs ::= SEQUENCE {


mobilityState-r12




ENUMERATED {normal, medium, high, spare}
OPTIONAL,


mobilityHistoryAvail-r12


ENUMERATED {true}



OPTIONAL,


logMeasAvailableMBSFN-r12


ENUMERATED {true}



OPTIONAL,


nonCriticalExtension



RRCConnectionSetupComplete-v1320-IEs





OPTIONAL

}

RRCConnectionSetupComplete-v1320-IEs ::= SEQUENCE {


ce-ModeB-r13





ENUMERATED {supported}





OPTIONAL,


s-TMSI-r13






S-TMSI









OPTIONAL,


attachWithoutPDN-Connectivity-r13
ENUMERATED {true}






OPTIONAL,


up-CIoT-EPS-Optimisation-r13

ENUMERATED {true} 






OPTIONAL,


cp-CIoT-EPS-Optimisation-r13

ENUMERATED {true} 






OPTIONAL,


nonCriticalExtension



RRCConnectionSetupComplete-v1330-IEs

OPTIONAL
}

RRCConnectionSetupComplete-v1330-IEs ::= SEQUENCE {


ue-CE-NeedULGaps-r13




ENUMERATED {true}



OPTIONAL,


nonCriticalExtension



RRCConnectionSetupComplete-v14xy-IEs

OPTIONAL

}

RRCConnectionSetupComplete-v14xy-IEs ::= SEQUENCE {


dcn-ID-r14






INTEGER (0..65535)



OPTIONAL,


nonCriticalExtension



SEQUENCE {}





OPTIONAL

}

RegisteredMME ::=




SEQUENCE {


plmn-Identity





PLMN-Identity





OPTIONAL,


mmegi







BIT STRING (SIZE (16)),


mmec







MMEC

}

-- ASN1STOP

-- ASN1START

PLMN-Identity ::=




SEQUENCE {


mcc








MCC




OPTIONAL,




-- Cond MCC


mnc








MNC

}

MCC ::=







SEQUENCE (SIZE (3)) OF












MCC-MNC-Digit

MNC ::=







SEQUENCE (SIZE (2..3)) OF












MCC-MNC-Digit

MCC-MNC-Digit ::=




INTEGER (0..9)

-- ASN1STOP

-- ASN1START

MMEC ::=






BIT STRING (SIZE (8))

-- ASN1STOP

From TS 24.301:

Table 8.2.25.1: SERVICE REQUEST message content

	IEI
	Information Element
	Type/Reference
	Presence
	Format
	Length

	
	Protocol discriminator
	Protocol discriminator

9.2
	M
	V
	1/2

	
	Security header type
	Security header type

9.3.1
	M
	V
	1/2

	
	KSI and sequence number
	KSI and sequence number

9.9.3.19
	M
	V
	1

	
	Message authentication code (short)
	Short MAC

9.9.3.28
	M
	V
	2
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