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1 Introduction
In past RAN2 WG meeting, there were some initial discussions of functionality of NR control plane, but no consensus was achieved. An important aspect to take decision on when it comes to the standalone NR architecture is the control plane architecture of the air interface and its corresponding functions. 
The objective of this document is to discuss about control plane functionalities in standalone NR. Regarding the locations of each function are not mentioned in the paper.
2 Discussion
2.1 Control plane functions in LTE
In 36.300 [1], a large number of functions currently residing within the control plane protocol are listed as follows.
-
PDCP sublayer (terminated in eNB on the network side) performs the functions listed for the control plane in subclause 6, e.g. ciphering and integrity protection;

-
RLC and MAC sublayers (terminated in eNB on the network side) perform the same functions as for the user plane;

-
RRC (terminated in eNB on the network side) performs the functions listed in subclause 7, e.g.:

- 
Broadcast;

-
Paging;

-
RRC connection management;

-
RB control;

-
Mobility functions;

-
UE measurement reporting and control.

-
NAS control protocol (terminated in MME on the network side) performs among other things:

-
EPS bearer management;

-
Authentication;

-
ECM-IDLE mobility handling;

-
Paging origination in ECM-IDLE;

-
Security control.

In the following discussion, we use the above list of control plane functions as a starting point for analysis for standalone NR. 
2.2 RRC-related functions
-
Broadcast

In current LTE system, System information is divided into the MIB and 19 SIBs, and all the system information are broadcasted periodically. Considering only a few SIBs are essential for basic LTE operation, e.g. cell selection/reselection, cell access and etc, current system information transmission mechanism in LTE cause significant signaling overhead and low energy efficiency. Especially for IoT devices which are with no/low mobility, a lot of mobility related information is not needed and only necessary configuration information is needed for mobiles to successfully access to a cell. Therefore if aiming at single technical framework addressing all usage scenarios, more flexible and efficient mechanism of system information delivery is needed for 5G NR.
Several quite similar proposals were proposed to simplify the system information in NR design, for example the acquisition and change monitoring procedures. A possible way is to categorize system information as two parts, i.e. common/essential system information (e.g. early access info, UE cell (re)selection info) and specific/other system information (e.g. other L2/L3 specific parameters). Common/essential system information can be broadcasted periodically while specific/other system information can be provided to UE on demand. In overlaid coverage, common/essential system information of small cells can be signaled via the macro cell, while small cells only provide specific/other system information if requested by UE. Another option for the overlapping scenario is that all the system information of the small cell can be delivered to UE on demand, which may bring completely power saving for SI broadcasting. Furthermore, the change monitoring procedures specified for NB-IoT, i.e. introducing the common value tag in MIB and SIB specific value tags in SIB1, could be used as reference for further optimisation.
Regarding the transmission channel, we think that LTE similar scheme would be used for NR, however this also depends on physical channel design in RAN1.
-
Paging
This function provides indication of call or system information update to selected UEs. Paging message is transmitted from the network within tracking area. 

The difference compared to LTE might be caused by the new UE type and new UE state. For example, for a massive number of IoT devices, group paging or N-step paging could be used to reduce the signalling overhead. If an inactive state, in which S1 connection is kept, is introduced in NR, RAN controlled paging may be applied. Meanwhile, the paging ID, paging area and paging cycle needs to be optimized correspondingly.

Regarding the transmission channel, it is also depends on physical channel design in RAN1.
-
RRC connection management
This function includes RRC connection establishment, re-establishment, reconfiguration and release.
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 (10ms in target) compared with LTE. A number of aspects contribute to the C-plane latency are related to RRC connection management related procedures. In order to optimize the C-plane performance it is required to reduce the number of messages before data transfer can be initiated. 

If an inactive state, in which UE context is stored in RAN, is introduced in NR, the RRC connection management related procedures could be greatly simplified. For example, one step for UE context fetching could be used instead of rounds of signaling transfers between eNB and CN, and one message for UE activation could be achieved if UE and network have all the configuration information in advanced. A new UE ID which is unique in a larger area, e.g. a cell group area, needs to be defined for connection management and also for paging. In this case, UE ID with different length may exist and can be allocated to different UE/traffic type.
-
RB/QoS control
RB in LTE divided into SRBs and DRBs. SRBs includes SRB0, SRB1 and SRB2 and are used only for the transmission of RRC and NAS messages, while DRB includes default DRB and dedicated DRBs and are used for the transfer of data traffic. 

NR is targeted at a single technical framework addressing all all usage scenarios, requirements and deployment scenarios [2], whether all current RBs are supported or some new RBs are introduced, especially for low cost IoT devices, still needs to be investigated.
Besides, Per-flow QoS scheme for next generation network is put forward and still under discussion in SA2. If SA2 agrees to adopt flow level QoS control in CN, RAN needs to decide which kinds of QoS control scheme, e.g. per-flow or per-bearer, is performed in RAN, and also discuss theirs corresponding procedure design. For example, how to schedule UE in MAC in per-flow option or how to map traffic flow from CN to RB in RAN in per-bearer option.
-
Mobility functions
· Cell selection/ reselection
This function provides adequate PLMN and cell selection to UE, and is realized by reception of system information which is broadcasted and subscription data which is maintained in UE. 

This function won’t be modified so much compared with LTE in principle. However, in order to achieve high reliability for URLLC service, it is necessary to consider whether UE can select and camp on more than one cell at the same time. And in addition to normal cell selection rules, a selection of certain cells which provide specific services shall be supported by the UE upon request from higher layers.
· Handover
This function provides mobility of UE among intra-eNB/inter-eNB/inter-RAT cells. In LTE RRC_CONNECTED state, network-controlled UE-assisted handovers are performed.
Similar to the above mentioned RRC connection management function, if a suspend/resume-like state, in which S1 connection is kept, is introduced in NR, UE-controlled mobility, e.g. cell selection/reselection, seems beneficial to make CN agnostic.
-
UE measurement reporting and control

This function provides measurement and reporting of the measurement from UE to network, and entails measurement configuration, performing measurements, measurement report triggering, measurement reporting, etc.

Measurement procedure in NR won’t be different so much with LTE, however measurement type and cycle could be optimized based on NR architecture, new usage scenario and high frequency operation. For example, as a large number of the transmission points will be deployed in order to resolve increasing network capacity problem, signaling interference among overlapping cells will become more serious. Considering the antenna and power configuration of some transmission points is comparable to a UE and channel reciprocity can be achieved, it would be feasible to use uplink signal for neighbor cell measurement instead of the downlink signals, which could largely decrease the downlink signaling, e.g. CRS, transmission. However, UE power consumption, uplink radio resources, measurement gap in this case still needs to be evaluated. 
2.3 Other functions
Other functions within the NR control plane protocol include but not limited to the traditional ones residing in NAS, PDCP, RLC and MAC in LTE, and also new ones to support new introduced features, e.g. control plane and user plane connection coordination for C/U splitting, CN instance selection when UE attach to a CN network slice, etc.
3 Summary
The control plane functions discussed above are all essential functions and thus needs to be supported in standalone NR protocol, but the details need reanalysis according to the new requirements of NR. Table 1 is a summary of the functions discussed.
Table 1: Control plane functions in standalone NR
	Function
	Comment

	Broadcast
	To simplify the system information acquisition and change monitoring procedure

	Paging
	To optimize based on new UE type and new UE state, e.g. group paging or N-step paging, RAN controlled paging

	RRC connection management
	To simplify RRC connection management related procedures, e.g. one step for UE context fetching, one message for UE activation; To define a new UE ID

	RB/QoS control
	To analyze supported RB type per use case; per-flow or per-bearer control

	Mobility functions
	Cell selection/ reselection; Handover

	UE measurement reporting and control.
	To optimize measurement type and based on NR architecture, new usage scenario and high frequency operation, e.g. to use uplink signal for neighbor cell measurement

	PDCP-related
	Ciphering; Integrity protection

	RLC-related
	Depends on user plane function design

	MAC-related
	Depends on user plane function design

	NAS-related
	EPS bearer management; Authentication; ECM-IDLE mobility handling; Paging origination in ECM-IDLE; Security control


4 Proposal
This paper discusses the high-level functions of NR control plane and comes to the following proposals:

Proposal 1: Standalone NR should support at least the essential functions summarized in table 1.
Proposal 2: It is proposed to add these functional descriptions in RAN2 TR on NR.
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