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1
Introduction
RAN#71 agreed to start the new Study on New Radio Access Technology [1]. Initial high priority objectives of the SID on gaining common understanding among companies include:
· Radio interface protocol architecture and procedures 
· Radio Access Network architecture, interface protocols and procedures, 
Study on the above 2 bullets shall at least cover:
· Study the feasibility of different options of splitting the architecture  into a “central unit” and a “distributed unit”, with potential interface in between, including transport, configuration and other required functional interactions between these nodes [RAN2, RAN3];

Furthermore, the SID also includes the following objectives [1]:
Target a single technical framework addressing all usage scenarios, requirements and deployment scenarios defined in TR38.913 including
· Enhanced mobile broadband

· Massive machine-type-communications
· Ultra reliable and low latency communications 
In this contribution we propose to discuss the factors influencing the control plane architecture and design based on the KPIs discussed in [2] from a RAN centric view.

2
Factors influencing control plane architecture from key performance indicators perspective

In [2], the requirements for key performance indicators for NR are discussed both qualitatively and quantitatively. In this section these KPIs and requirements are listed and discussed wrt. NR CP radio protocols and how they need to be reflected in the study. Some of the most significant ones are listed below to set the stage for future RAN2 discussions on these aspects.

The target for control plane latency should be 10ms
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). It is highly desirable that control plane procedures are designed to keep the delay as short as possible with a view of keeping the protocol lightweight and efficient from end to end perspective, i.e., the protocol should be designed to perform procedures with the minimum number of signalling messages. Moreover, these enhancements must be generic so that all types of UEs may benefit of them.
Proposal 1: New radio access shall support signalling plane optimizations to meet the control plane latency target.
Latency for infrequent small packets (from control plane perspective the time gap between the initiation of the transmission to the successful transmission must be minimized)

For infrequent application layer small packet/message transfer, the time it takes to successfully deliver an application layer packet/message from the radio protocol layer 2/3 SDU ingress point at the mobile device to the radio protocol layer 2/3 SDU egress point in the RAN, when the mobile device starts from its most "battery efficient" state must be minimized. Much work has already been done in this area in LTE, e.g., with NB-IOT optimizations, however for NR RAN more emphasis must be laid upon improving the latency for those applications/devices that require always on behavior supporting various mobility scenarios. 
Proposal 2: New radio access shall support control plane protocol mechanisms/procedures for enabling low latency and energy efficient infrequent small packets transmissions with efficient mobility support. 
The target for mobility interruption time should be 0ms.
Mobility interruption time means the shortest time duration supported by the system during which a user terminal cannot exchange user plane packets with any base station during transitions. In wireless systems, lower mobility interruption time directly translates to higher user satisfaction due to shorter user plane data break seen at the application layer. Note that multi-connectivity in [3] is also aligned towards this objective.
Proposal 3: New radio access shall support mechanisms to enable efficient mobility signalling procedures which enable zero or nearly zero data plane interruption time.
The target for reliability should be 1-10-5 within 1ms.
For URLLC applications, this requirement is a key to ensure that mission critical applications can perform their tasks reliably. Visibly, this is a user plane protocols target. However, the control plane procedures must also increase (to complement a highly reliable user plane) the signalling reliability for such applications. There are many ways to accomplish this, for e.g. signalling delivery could use some robustness mechanisms which guarantee delivery even under the threat of radio link failure. 
Proposal 4: New radio access shall support mechanisms that provide for ultra-reliable signalling plane message delivery.
Extreme coverage up to [400] km: should not be precluded by the specifications
The target for coverage should be [164dB].
For the mMTC use cases, the UE may be placed in a coverage restricted zone. Thus, it is desirable the coverage offered for these devices is maximized to ensure that the transmissions reach the network successfully. From earlier experience, it is well known that not all the channels offer the same extreme coverage and often the weakest link causes a limitation for the technology and prevents it from being usable for applications requiring extreme coverage. In many cases, mechanisms at the higher layers could supplement physical layer mechanisms to improve coverage and provide a matched maximal coverage for downlink and uplink.
Proposal 5: New radio access shall support coverage enhancement solutions which especially complement higher and lower layer operation.
The target for UE battery life should be [15 years].
For the mMTC use cases, the UE battery life is a key – the preliminary requirement target for UE battery life in [2] is 15 years. The less the UE sends/receives information bits OTA, the less energy it will consume to get all those bits sent/received. For such UEs, the sleep mode power consumption must be optimized to support very long battery replacement times. However, many of these enhancements should also be considered for generic applications/devices so that the overall battery consumption is optimized. 
Proposal 6: New radio access shall support new mechanisms for optimized UE and network behaviour aiming for increasing the overall energy efficiency of the system compared to previous radio technologies.
The target for connection density should be 1 000 000 device/km2 in urban environment.
For the mMTC use cases for e.g., the number of UEs will be literally, massive. Such a connection density will require the network to manage huge amount of UE contexts simultaneously. In NR networks billions of devices must be allowed in connected mode rather than few millions. This calls for massive amount of memory and addressing requirements for the UE context in the network. In addition, the context fetching time of the UE must also be optimized to ensure quick resumption during activity.
Proposal 7: New radio access shall support mechanisms to enable extremely high number of connected UEs in a network.
The target for mobility target should be 500km/h.
Some UEs may be moving at very high speed for e.g. if they are in a high-speed train. Such UEs should not suffer from service disruption.
Proposal 8: New radio access shall support novel mechanisms to improve mobility procedures, preventing handover and radio link failure, for UEs moving with very high speed.
For some applications, accurate positioning may be critical.

The target for positioning accuracy is [<1m] Indoor and outdoor. 
Proposal 9: New radio access shall support mechanisms to support “most modern” positioning mechanisms.
3
Conclusion
In this paper we presented some initial views on RAN2 study directions for NR CP radio protocols and have come up with the following proposals. Looking at the above proposals, we can conclude that the control plane design should be flexible enough like a toolbox to support disparate use cases and services.
Proposal 1: New radio access shall support signalling plane optimizations to meet the control plane latency target.

Proposal 2: New radio access shall support control plane protocol mechanisms/procedures for enabling low latency and energy efficient infrequent small packets transmissions with efficient mobility support.

Proposal 3: New radio access shall support mechanisms to enable efficient mobility signalling procedures which enable zero or nearly zero data plane interruption time.
Proposal 4: New radio access shall support mechanisms that provide for ultra-reliable signalling plane message delivery.

Proposal 5: New radio access shall support coverage enhancement solutions which especially complement higher and lower layer operation.

Proposal 6: New radio access shall support new mechanisms for optimized UE and network behaviour aiming for increasing the overall energy efficiency of the system compared to previous radio technologies.   

Proposal 7: New radio access shall support mechanisms to enable extremely high number of connected UEs in a network. 

Proposal 8: New radio access shall support novel mechanisms to improve mobility procedures, preventing handover and radio link failure, for UEs moving with very high speed.

Proposal 9: New radio access shall support mechanisms to support “most modern” positioning mechanisms.

Proposal 10: Overall, the NR control plane design should provide a modernized toolbox with a minimum set of features to support the above mentioned aspects.
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