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1 Introduction

The new SI, FS_NR_newRAT [1], has been approved in RAN#71 to develop new radio access technology (NR) for the next generation. Access / Initial Access procedure is one of the critical procedures that shall be discussed already in the NR study phase. In this contribution, we discuss the requirement and potential techniques for NR access procedure.
2 Discussion

Assumption for UE states in NR
To study access procedure for NR, we need to have basic assumption on UE states in NR. As proposed in [2], we assume two UE states in NR, i.e. a high performance state (NR-HighPerf) and a low performance state (NR-LowPerf). The NR-HighPerf state supports fast transport of large data volumes and addresses low user plane latency requirements and 0ms mobility interruption time, while the NR-LowPerf state targets low power consumption, supports infrequent small data transmission, and addresses the latency for infrequent small packets requirement and the long battery life requirement.
In NR-LowPerf state, it is possible to do infrequent small data communication without state change, such as the way by (a) Using no a priori UE capability information, or a limited set of UE capabilities, provided on-the-fly, or (b) Using an on-the-fly built temporary radio communication context. In addition, in NR-LowPerf it shall be possible to do infrequent small data communication using connection-less methods of communication, avoiding setup of bearers.
In this contribution, the access procedure addressed here comprises the following cases:
· Access at state transition from Initial/Idle/ NR-LowPerf state to Connected/ NR-HighPerf state.
· Access without state transition, when dedicated resources are not used. 
Proposal 1. 
Initial accesses with state transition (Initial/Idle/ NR-LowPerf state to Connected/ NR-HighPerf state) and without state transmission shall both be considered.

Consideration for NR access procedure 
Discussion Scope
In legacy LTE system, a UE can transmit data only when its connection has been built. As shown in Figure 1, the steps for a UE to connect to a legacy LTE network includes (1) cell search, (2) system information acquisition, (3) RACH procedure, (4) RRC connection procedure, and (5) NAS connection procedure. 
We take Figure 1 as our discussion scope. In the following subsubsection, we take Figure 1 and a start point to examine which step can be further enhanced in NR. Notice that since cell search is more related to physical layer, we postponed the discussion when there is sufficient RAN1 progress.
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Figure 1. Access procedure for UE in LTE

System information acquisition (Broadcast signalling for NR access)
In LTE, UE acquires system information before accessing the network. Except for MIB which uses BCH, system information is broadcast through DL-SCH, and main configuration for network access is put in SIB2. Putting access information in SIB is an efficient way for access information delivery because (1) UE acquires necessary L1/L2 configuration for network access, and (2) UE knows whether it is barred from access in the very beginning of network access.
Therefore, in NR we think the following information should still be included in broadcast signaling

· L1 and L2 configuration for the access procedure. 
· Access Control
Proposal 2.
System information shall include L1 and L2 configuration for initial access, and access control parameters.
Proposal 3. 
Access control is required. When to trigger access control and how to perform it is FFS.
RACH procedure for NR access

In legacy LTE, if a UE is not informed of barred from network access, it can start RACH procedure. RACH procedure is a 4-way handshakes procedure introduced as below
· STEP 1 : RACH preamble transmission. 
·  UE randomly selects PRACH resources and sends a preamble to eNB

· STEP 2 : Random access response

· eNB replies the detected preamble with an UL grant, which includes information such as RA-RNTI and TA information

· STEP 3: RRC Connection Setup Request
· UE uses the granted UL resource to send UE sends its identifier to the network and it is used by the eNodeB to resolve the contention in the next step.
· STEP 4: RRC Connection Setup Complete (Contention Resolution)
· The eNodeB echoes back the received UE identifier to resolve the contention, and at this point the UE which has received its ID continues with the transmission while others will back off and try again.
The legacy LTE RACH procedure minimizes the contention transmission and is very robust towards bad radio conditions and high load. We suggest that a RACH of similar character should be supported for NR. 
However, NR will also be deployed with very wide bandwidth in higher frequency spectrum, where we could assume that the UE will mainly use such cells if in reasonable radio conditions, and almost always the RACH load could be reasonable. Thus in many scenarios of NR, we also expect good performance of a data carrying RACH, which also gives opportunity for lower latency.  

Therefore, we suggest RAN2 to support two kinds of RACH procedure: one is similar to the legacy one which applies preamble based manner for uplink resource contention; and another is that UE directly sends data through uplink channel, e.g. contention-based data transmission.

Observation 1.   Contention-based data transmission has potential in reducing signaling overhead and latency.
Proposal 4.
RAN2 support two kinds of RACH procedure: preamble based RACH procedure and contention-based data transmission.

RRC and NAS Procedure (Dedicated signalling for NR access)
After a UE successfully finishes RACH procedure, it proceeds to build RRC and NAS connection. Since UE has acquired its identity (C-RNTI) in Msg4, RRC and NAS messages are delivered to UE with dedicated signalling. 

Dedicated signalling for NR access, similar to that in LTE, includes 

· RRC and NAS signaling for context establishment/resume/service request
· State transitions signaling, security signaling. 

· UE configuration and UE capabilities. 
As mentioned before, in legacy LTE UE can transmit data only after AS context has been built. In contrast, in NR it is expected to enable flexible decision whether to build AS context for data transmission. For example, we may decide to adopt AS context based or AS context free method according to traffic characteristic:

· For small infrequent data delivery, we avoid new AS context establishment and RRC state transition by keeping UE in NR-LowPerf / Idle state. Security and header compression contexts are kept centrally in the network, and communication is done without connection establishment, costing little signaling overhead and latency for data delivery.
· To deliver large data (or for providing dedicated mobility configurations to the UE), AS context is needed.

Therefore, the signaling at initial access is expected to be different for the two cases of small frequent data and large data.
Observation 2. 
The signaling at initial access is expected to be different for the two cases: large data with state transition (Initial/Idle/ NR-LowPerf state to Connected/ NR-HighPerf state) and small infrequent data without state transmission. 
Proposal 5. 
RAN2 considers the support of initial access for two scenarios: large data with state transition (Initial/Idle/ NR-LowPerf state to Connected/ NR-HighPerf state) and small infrequent data without state transmission .

When AS context needs not to be built (e.g. for small infrequent data), UE is kept in NR-LowPerf / Idle state, and security is done at a centralized location. If some limited UE capabilities knowledge is found needed for efficient L1 operation, those are provided by the UE. In addition, a temporary miniature AS context is built on the fly, to allow both-way communication.  
Observation 3. 
Dedicated signalling for communications without AS context building includes the delivery of UE capability knowledge, and the on-the-fly building of temporary miniature AS context.

Proposal 6.
RAN2 considers the access procedure for communications without full AS context building.

When AS context needs to be built (e.g. for large data transmission) for large data, UE state transits from Idle/ NR-LowPerf to Connected/ NR-HighPerf state. We propose that the state transition can be done either 

A. 
from scratch (RRC connection establishment), or

B. 
by resume (RRC connection resume), where a cached context is used, as for CIOT UP optimization.  
Observation 4. 
Dedicated signalling for AS context building depends on the way of RRC state transition, e.g. RRC connection establishment or RRC connection resume.

Proposal 7. 
RAN2 considers AS context building through either from scratch (RRC connection establishment), or by resume (RRC connection resume), where a cached context is used, as for CIOT UP optimization.

To further reduce dedicated signalling for RRC and NAS, enhancements can be considered to break sequential execution as to allow overlapping of the two procedures, e.g. overlapped RRC and NAS procedure, which can be made possible under the new flexible RAN architecture, i.e. eNB/MME of the new RAT can be collocated for URLLC vertical. Trigger two procedures simultaneously requires more UL resource and good radio condition, e.g. if SNR is good enough, we can support simultaneous RRC/NAS message transmission with a big enough UL grant; otherwise, UE triggers two 3-way handshakes with eNB and MME separately as UE in legacy LTE does. 
Proposal 8. 
RAN2 considers enhancement to enable simultaneous RRC/NAS procedure for dedicated signaling reduction.
Table 1 summarizes the difference of access procedure between legacy LTE and the proposed NR design.
Table 1. Comparison of access procedure for legacy LTE and proposed NR design
	System
	Legacy LTE
	NR

	UE RRC state
	Idle, connected
	Idle/NR-LowPerf, Connected/ NR-HighPerf

	RRC state when communicates
	connected
	Type 1.

Connected/ NR-HighPerf
	Type 2.

Idle/NR-LowPerf

	AS context and RRC state transition for data transmission
	Both required
	Both required
	                  No RRC state transition
               No or partial AS context

	How RRC state transit from idle to connected ?
	From scratch
	1. From scratch

2. Or by resume
	N/A

	Suitable scenarios
	
	Large data
	Small infrequent data

	Note
	
	
	On-the-fly signaling for UE capability provision (if needed) and temporary AS context establishment


3 Conclusion

Based on the discussion in section 2 we have the following observations 
Observation 1.   Contention-based data transmission has potential in reducing signaling overhead and latency for small data transmission.

Observation 2. 
The signaling at initial access is expected to be different for the two cases: large data with state transition (Initial/Idle/ NR-LowPerf state to Connected/ NR-HighPerf state) and small infrequent data without state transmission. 

Observation 3. 
Dedicated signalling for communications without AS context building includes the delivery of UE capability knowledge, and the on-the-fly building of temporary miniature AS context.

Observation 4. 
Dedicated signalling for AS context building depends on the way of RRC state transition, e.g. RRC connection establishment or RRC connection resume.

According to these observation, we have proposals as below
Proposal 1. 
Initial accesses with state transition (Initial/Idle/ NR-LowPerf state to Connected/ NR-HighPerf state) and without state transmission shall both be considered.

Proposal 2.
System information shall include L1 and L2 configuration for initial access, and access control parameters.
Proposal 3. 
Access control is required. How and when to trigger access control is FFS.
Proposal 4.
RAN2 support two kinds of RACH procedure: preamble based RACH procedure and contention-based data transmission.

Proposal 5. 
RAN2 considers the support of initial access for two scenarios: large data with state transition (Initial/Idle/ NR-LowPerf state to Connected/ NR-HighPerf state) and small infrequent data without state transmission .

Proposal 6.
RAN2 considers the access procedure for communications without full AS context building.

Proposal 7. 
RAN2 considers AS context building through either from scratch (RRC connection establishment), or by resume (RRC connection resume), where a cached context is used, as for CIOT UP optimization.

Proposal 8. 
RAN2 considers enhancement to enable simultaneous RRC/NAS procedure for dedicated signaling reduction.
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