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1 Introduction

In LTE system, radio resource management (RRM) aims at the efficient usage of the available resources, and 10 RRM functions have been given in TS36.300. For NR system, RRM functions are also necessary, and the support via high layer split architecture need to be discussed in detail. In last RAN3 meeting (RAN3#96), some contributions triggered some discussions on this issue [1][2]. In this contribution, we will discuss this issue further. 
2 Discussion 
Till now, NR RRM functions are not extensively discussed. Thus, we do not have any potential RRM functions on the table. However, we believe NR RRM has the same target as that in LTE system. Moreover, some RRM functions in LTE have been described as RAN functions of NR in TR38.801, e.g., inter-cell interference coordination, load balancing. Thus, we can analyse the RRM functions in NR by taking LTE system as the start point. 

In TS36.300, except describing all RRM functions, the locations of some functions are also given as eNB. In our understanding, the intention of giving the implementation location can facilitate the design of the signalling procedures related to the corresponding RRM function. For NR, we think most of functions are located in the gNB. However, for high layer split, the function mapping between gNB-CU and gNB-DU needs further discussion since such mapping relationship may determine the design of some F1AP procedures. Specifically, if an RRM function is located in both gNB-CU and gNB-DU, the related F1AP procedure may be success or fail due to the decision made by the RRM function in one node, or the request in such F1AP procedure may be partially/fully accepted or rejected according to the RRM function in one node. On the other hand, if an RRM function is located in only one node, i.e., gNB-CU or gNB-DU, the related F1AP procedure may be unnecessary or may be used to provide the assistant information for making RRM decision.

Proposal 1: the RRM function mapping between gNB-CU and gNB-DU can be determined based on whether or not the node can make the decision of such RRM function. 

Following Proposal1, we analyse the RRM function split based on the RRM functions defined in LTE. 
· Radio bearer control (RBC): this function aims at establishment, maintenance and release of radio bearers. NR should support it. gNB-CU can make decision and trigger the radio bearer setup, maintaining and release based on overall resource status. So, such function is located in gNB-CU. 
· Radio admission control (RAC): this function aims at admitting or rejecting the establishment requests for new radio bearers. NR should support it. Since the radio bearer admission is related to the resource status in both gNB-CU and gNB-DU, both nodes should be able to make decision on this function. 
· Connection mobility control (CMC): this function aims at managing radio resources in connection with idle or inactive or connected mode mobility, e.g., cell selection/reselection and handover parameter setting, etc. NR should support it. Those parameters should be set by gNB-CU and then notify the UE. Thus, it should be located at gNB-CU. gNB-DU has some measurement results of the serving UEs, e.g., CSI reporting, UL measurement. However, whether this measurement results can be used for such parameter setting is open. So, CMC located at gNB-DU needs further study. 
· Dynamic resource allocation (DRA) - Packet scheduling (PS): this function is to schedule resource. NR should support it. Since gNB-DU hosts MAC layer, such function should be located in gNB-DU. 

· Inter-cell interference coordination (ICIC): this function aims at managing radio resources such that inter-cell interference is kept under control. In NR, the interference situation may become more complex than LTE because, e.g., NR supports quite dynamic duplexing, the high frequency is sensitive to the environment, etc. NR should support it to control the interference. Being a multi-cell RRM function, gNB-CU can carry out the coordination among different cells. The gNB-DU measurement results can be used by gNB-CU to make decision. Thus, it should be located at gNB-CU. However, how to support such function depends on the discussion in RAN1/RAN2. 

· Load balancing (LB): this function aims at handling uneven distribution of the traffic load over multiple cells. In NR, due to dense small cell deployment, the traffic fluctuation may be severe in both time and space domain. Thus, NR should such function. gNB-CU has the knowledge of its serving cells and neighbouring cells. The load management function enables that the gNB-DU provides load information to gNB-CU. Thus, such function should be located at gNB-CU. 

· Inter-RAT Radio resource management: this function aims at managing radio resources in connection with inter-RAT mobility. In the future, multiple systems will coexist for a long time. The inter-RAT mobility is a necessary feature. Thus, NR should support it. Since gNB-CU has the interface with other RATs, such function should be located at gNB-CU. 

· Subscriber profile ID for RAT/Frequency priority: this function aims at mapping the RRM strategy based on SPID of UE. NR should support it. Since SPID information is derived from NG interface or Xn interface, such function should be located at gNB-CU. 

· Inter-gNB CoMP: this function aims at coordinating multiple gNBs in order that the coverage of high data rates and the cell edge throughput are improved, and also the system throughput is increased. In RAN1, such feature is considered. So, NR should support it. This function needs the coordination among different cells. Thus, it should be located at gNB-CU. 
· Cell on/off and cell discovery: This function aims at adaptively turn the DL transmission of a cell on and off. It is for the energy saving. For energy saving, gNB-CU can make decision on whether to active/de-active a cell based on the load information of each cell. Thus, it should be located at gNB-CU. Whether gNB-DU can active/de-active a cell or not needs further discussion.   

In summary, we can have the follow table on the RRM functions in NR and the corresponding split between gNB-CU and gNB-DU. 
	NR RRM functions 
	Function description
	Location

	Radio bearer control (RBC)
	Establishment, maintenance and release of radio bearers
	gNB-CU

	Radio admission control (RAC)
	Admit or reject the establishment requests for new radio bearers
	gNB-CU 

gNB-DU

	Connection mobiity control (CMC)
	Management of radio resources in connection with idle or connected mode mobility
	gNB-CU 

gNB-DU(FFS)

	Dynamic resource allocation (DRA) - Packet scheduling (PS)
	Allocate and de-allocate resources to user and control plane packets
	gNB-DU 

	Inter-cell interference coordination (ICIC)
	Manage radio resources such that inter-cell interference is kept under control
	gNB-CU

	Load balancing (LB)
	Handle uneven distribution of the traffic load over multiple cells
	gNB-CU

	Inter-RAT Radio resource management
	Management of radio resources in connection with inter-RAT mobility
	gNB-CU

	Subscriber profile ID for RAT/Frequency priority
	Mapping the RRM strategy based on SPID
	gNB-CU

	Inter-gNB CoMP
	Coordinate multiple gNBs in order that the coverage of high data rates and the cell edge throughput are improved, and also the system throughput is increased
	gNB-CU

	Cell on/off and cell discovery 
	Adaptively turn the DL transmission of a cell on and off
	gNB-CU 

gNB-DU(FFS)


Proposal 2: the above table can be considered as the RRM functions in NR and the corresponding function split between gNB-CU and gNB-DU. 

In RAN3, F1AP function is one of important topics for high layer split. Since RRM function mapping between gNB-CU and gNB-DU has close relationship with some F1AP functions, we think the above table can be used for discussing F1AP function. 
Proposal 3: RAN3 takes the above table as the discussion baseline when determining the F1AP functions.
3 Conclusions
In this contribution, we discuss RRM function split between gNB-CU and gNB-DU, and we propose:

Proposal 1: the RRM function mapping between gNB-CU and gNB-DU can be determined based on whether or not the node can make the decision of such RRM function.
Proposal 2: the above table can be considered as the RRM functions in NR and the corresponding function split between gNB-CU and gNB-DU.

Proposal 3: RAN3 takes the above table as the discussion baseline when determining the F1AP functions.

The proposed stage 2 TP has been given in [3]. 
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