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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 RAN2#99 meeting, some agreements were made for RRC Connection Control, but some FFS were left:
6
RRC Connection Request kind of message includes UE identity and establishment cause.

6.1
Some form of relation is foreseen between the access categories and establishment causes; details are FFS.

FFS if MSG3 also could also include other information e.g. NAS message, 5G CN node selection, UE capability of supporting high frequency, the access category indicating a type of services or other information sent over MSG5.

7.
RRC Connection Reject kind of message includes the wait time.

FFS redirect information 

FFS Value range of wait time.

FFS Whether to include frequency/RAT deprioritisation information.

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 needs to reduce the latency compared with LTE establishment procedure. 

To achieve this requirement, physical layer/L2 and RRC layers can be considered to have further optimization. In this paper, optimizations are focused 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 is possible to be carried in the request message to reduce the procedure delay. 
To help the gNB to find the suitable 5G CN, the 5G CN node selection information like selected PLMN should also be included in the request message.
Proposal 1: To reduce the CP latency, NAS and 5G CN node selection information can 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 further reduce the UE/RAN processing delay. 
Proposal 2: To reduce the CP latency, UE/RAN processing delay should be reduced. 

2.2 Reject message
If the network cannot accept the RRC connection setup request, it will send the reject kind of message to the UE with some information which can be used to assisting UE performing cell reselection. To allow UE to find another cell quickly to establish the new RRC connection, it is worth including the redirect information into the reject message.  
Proposal 3: Redirect information can be carried in the RRC Connection Reject message.
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 needs to reduce the latency compared with LTE establishment procedure. 

Proposal 1: To reduce the CP latency, NAS and 5G CN node selection information can be carried in the RRCConnectionRequest message. 
Proposal 2: To reduce the CP latency, UE/RAN processing delay should be reduced.
Proposal 3: Redirect information can be carried in the RRC Connection Reject message.
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