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1 Introduction
TR 38.913 sets the target of C-plane latency for NR to 10ms [1]. The control plane latency refers to the time that moves from a battery efficient state (e.g., IDLE) to start of continuous data transfer (e.g., ACTIVE). In this contribution, we analysis the feasibility of the target CP latency and consider some enhancements of reducing RRC procedure delay and simplifying signalling interaction to meet CP latency requirement. 
2 Discussion
2.1
C-plane latency
In legacy LTE, the transmission of an UL data packet for a UE starting from IDLE will require in the order of 9 messages before the actual data transmission. The complex signalling interaction procedure as shown in Fig.1 results in latency, processing and signalling overhead in control plane. We can see the C-plane setup procedure from idle to connected mode includes:
· Random access
· UE processing time of RACH waiting and msg2/msg3 processing;
· message transmission of msg1,2
· eNB processing time.
· RRC connection setup process
· RRC procedure delay + UL grant of msg5
· RRC message transmission of msg3,4,5
· eNB processing time
· RRC security activation and S1-AP initial context acquisition
· RRC procedure delay + UL grant of msg7
· RRC message transmission of msg6,7
· S1 AP initial context acquisition
· eNB processing time
· RRC connection reconfiguration process
· RRC procedure delay + UL grant of msg9
· RRC message transmission of msg8,9
· eNB processing time
All these four sub-procedures including three parts: UE processing time, RRC message transmission time and eNB processing time. Without consideration of eNB processing time, short TTI is mostly beneficial to RRC message transmission time and RRC procedure delay contributes a lot to the control plane latency. 
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Fig.1 C-plane setup procedure from idle to connected mode in LTE
Observation 1： CP latency includes three parts of UE processing time, RRC message transmission time and eNB processing time. 
· Short TTI is mainly beneficial to RRC message transmission time
· RRC procedure delay contributes a lot to the control plane latency
2.2
Enhancements of C-plane latency reduction
In order to attain the target CP latency of 10ms, some enhancements need to be considered on reducing UE processing time of RRC procedure delay and simplifying signalling interaction.
2.2.1 Reduce RRC procedure delay
As defined in 36.331[2], the UE performance requirements for the RRC procedures are specified for UE, by means of a value N:
N = the number of 1ms subframes from the end of reception of the E-UTRAN -> UE message on the UE physical layer up to when the UE shall be ready for the reception of uplink grant for the UE -> E-UTRAN response message with no access delay other than the TTI-alignment (e.g. excluding delays caused by scheduling, the random access procedure or physical layer synchronisation).

The illustration of RRC procedure delay and default N value are given below.
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Table1. Default N value for RRC procedure delay in LTE
	Procedure title:
	E-UTRAN -> UE
	UE -> E-UTRAN
	N

	RRC connection establishment
	RRCConnectionSetup
	RRCConnectionSetupComplete
	15

	RRC connection re-configuration (radio resource configuration)
	RRCConnectionReconfiguration
	RRCConnectionReconfigurationComplete
	15


In view of the latency requirement, the existing value N might not be suitable for NR. It is suggested to discuss whether a suitable N for RRC procedure delay is needed. 
Proposal 1: It’s proposed RAN2 to evaluate whether need to define a constricted N value for RRC procedure delay.
RRC procedure delay includes multiple sub-procedures. 
· RRC DL message: DL assignment, DL RRC message
· ACK of RRC DL message: MAC ACK or RLC ACK
· RRC UL response: UL grant, UL RRC message
To achieve the target latency value, further latency reduction is required to reduce RRC procedure delay. The possible way is pre-allocation of RRC UL response with RRC DL message.
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Proposal 2: If proposal 1 is agreed, it’s proposed to consider some enhancements to meet the new defined RRC procedure delay.
2.2.2 Simplify signalling interaction
As shown in Fig.1, control plane setup procedure can be divided into four sub-procedures: UL synchronization, RRC Connection setup process, AS security activation and RRC connection reconfiguration process. Among these, the third and the fourth sub-procedures can be omitted if AS context and S1 context are stored in the eNB respectively. By this way, the RRC connection can be recovered instead of being set up again for an IDLE UE, which can save both air-interface signalling and CN involvement for moving to CONNECTED. 
Moreover, in current LTE system, random access procedure is mandatory to obtain TA and UL grant in RRC connection re-establishment and RRC connection resumption. In order to save C-plane latency, Pre-allocation random access resource to reduce the random access procedure could be considered to achieve UL synchronization.  
Proposal 3: It’s proposed to consider enhancements to simplify signalling interaction to reduce CP latency.
· UE context caching on the new RRC state to save SRB setup and AS security activation
· Pre-allocation RACH resources for RACH-less access
3 Conclusion

Observation 1: CP latency includes three parts of UE processing time, RRC message transmission time and eNB processing time. 
· Short TTI is mainly beneficial to RRC message transmission time
· RRC procedure delay contributes a lot to the control plane latency
Proposal 1: It’s proposed RAN2 to evaluate whether need to define a constricted N value for RRC procedure delay.
Proposal 2: If proposal 1 is agreed, it’s proposed to consider some enhancements to meet the new defined RRC procedure delay.
Proposal 3: It’s proposed to consider enhancements to simplify signalling interaction to reduce CP latency.
· UE context caching on the new RRC state to save SRB setup and AS security activation

· Pre-allocation RACH resources for RACH-less access
4 References 
[1] 3GPP TR 38.913: “Study on Scenarios and Requirements for Next Generation Access Technologies”.
[2] 3GPP TR 36.331: "Evolved Universal Terrestrial Radio Access (E-UTRA); Radio Resource Control (RRC); Protocol specification".
_1536791457.vsd
RRC DL command


UL Grant


RRC UL response


RRC procedure delay



DL


UL




RRC DL message
DL
at eNB
UL Grant
RRC UL response
RRC procedure delay
T3
UL
at UE
ACK
T1
T2



UE
eNB
MME
RACH  waiting
1. Preamble
eNB Processing
2. RAR (TA, UL Grant)
3. RRC Connection Setup Request
4. RRC Connection Setup
5. RRC Connection Setup Complete
S1-AP Initial UE msg
S1-AP Initial Context Setup Request
6.RRC Security Mode Command
7.RRC Security Mode Complete
8.RRC Connection Reconfiguration
9.RRC Connection Reconfiguration Complete
U-plane data
S1-AP Initial Context Setup Complete
Msg2 + msg3 processing
eNB Processing
RRC procedure delay + UL grant
eNB Processing
Processing
eNB Processing
RRC procedure delay + UL grant
eNB Processing
RRC procedure delay + UL grant
eNB Processing
Random acess
RRC connection setup
AS security activation
RRC Reconfiguration and S1 context



