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1 Introduction
For next generation network, numerous applications require that an always-on mobile-broadband experience is seamlessly delivered to the end users, and thus operators expect a significantly decreased C-Plane latency from E-UTRAN. Based on this requirement, in TR 38.913[1] the following is agreed:
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.
In this document we present our view on how to interpret this requirement and how we can achieve such this tight requirement in 5G technology study. Procedures presented in this document for state transitions are exemplary ones and do not present all options available.
2 Discussion
2.1 C-Plane Latency clarification
According to the description of C-plane latency in [1], the eminent issues in defining the C-plane latency are to characterize UE states and determine state transition behaviours those are to be supported. 
In order to meet the diverse user service requirements on both mobile internet and IoT, 5G system will regard higher data rate, lower latency, and longer terminal operating life as key goals. On the one hand, 5G system will provides fast access for delay sensitive UE; on the other hand, 5G system will support very low device energy consumption allowing operation for a decade or more on small primary batteries. Therefore UE states for next generation network needs to be characterized based on an analysis of these new requirements.
Before going into discussing state transition procedure, we should first characterize the UE states.
Proposal 1: We propose to characterize UE states first based on an analysis of the new requirements that should be considered. 
2.2 C-Plane Latency analysis
Procedure shown in figure 1 [2] illustrates LTE_IDLE to LTE_ACTIVE transition:
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Figure 1: C-plane activation procedure
· UE performs RACH procedure in order to get UL resources. NW allocates UL resources, timing advance and C-RNTI (for the UE as fast as possible to avoid extended usage of random identifier in the air interface.

· eNB sends Initial UE Message for RAN context to MME and also forwards Attach Request received from UE. MME uses this information to update routing information.

· MME sends Initial Context Setup Request to eNB with Attach Accept.
· eNB and UE activate AS security with SMC procedure.
· eNB allocates DL resources in RRC Connection Reconfiguration message. UE moves to LTE_ACTIVE state.

· eNB informs MME that attach procedure has been successfully completed, and UE is in LTE_ACTIVE state.
According to the timing analysis in [2], state transition from LTE_IDLE to LTE_CONNECTED can be achieved within around 80ms.
Taking into account the new requirement, i.e.10ms, in TR 38.913[1] for next generation network, the state transition time still need to be further reduced to improve the end user experience.
2.3 Discussion on optimizing the C-plane latency
Based on the illustration above, a number of aspects contribute to the C-plane latency, which consists of RACH, RRC connection establishment, CN routing update, security activation, and RRC connection reconfiguration. In order to optimize the C-plane performance it is required to achieve a good procedure performance. One primary goal is to reduce the number of messages required before data transfer can be initiated.
If the following assumptions are made, some optimizations can be achieved:

1. UE is already attached and hence no authentication and attach procedures are required;
2. UE context is always stored in RAN and hence no UE context transfer related procedures can be omitted.
As an example, the case of the UE initiating data transfer is considered here. Note that procedures presented for state transitions in the following are exemplary ones and do not present all options available.
First there are delays caused by RACH procedure. When UE starts to request UL resources, there is delay in the allocation of the UL resources, including processing delay in both UE and eNB, and transmission delay of allocation command and RRC connection setup related messages. If eNB has all the information for UE fast access, one message carrying UE identity, which informs eNB which UE attempts to access, can be used instead of 4-step RACH procedures.

After that there is signaling delay between eNB and MME/CN because of updating routing information in CN and context transfer to eNB. It is probably that the most prominent delay is procedures in CN, which may be of several seconds (3 ̴ 5ms in the best case) for message transfer, therefore optimizations of and CN procedures are also beneficial. Our assumption as stated above is that UE context is always stored in RAN, therefore only one step to fetch UE context needs to be initiated. 
Finally, as UE and eNB have all the configuration information, C-plane can be active through one message from eNB. Considering routing update procedures can be performed at the same time of connection setup/active, the overall latency could be reduced significantly.
Figure 2 shows an optimum C-plane activation procedure taking into account all the consideration above. 
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Figure 2: Optimized C-plane activation procedure
The following table gives a rough calculation of C-plane activation delay if the optimum procedure is applied.
	RAN msg transfer delay
	1ms*2

	CN msg transfer delay
	0ms/4ms*2

	Processing delay
	2*2ms/2ms*4

	Total delay
	6ms(no UE context fetch needed)/18ms


The total delay for C-plane activation can be achieved in 10ms at the best case and the delay requirement set in the [1] for state transition is achievable. 
Therefore we believe it would be beneficial to significantly simplify the state transition procedure compared to the current signaling flow, in an effort to satisfy the requirements.
3 Conclusion

This contribution discusses a number of aspects related to the C-plane latency and provides analysis how to achieve the C-plane delay requirement set in the [1], and conclude with the following proposals:
Proposal 1: We propose to characterize UE states first based on an analysis of the new requirements that should be considered. 
Proposal 2: We propose to significantly simplify the state transition procedure in an effort to satisfy the requirement of C-plane latency set in the [1].
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