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1 
Introduction
In the RAN#71 meeting a new study item on New Radio (NR) Access Technology was approved [1]. The main objective of the study item is to develop and evaluate the technologies for the NR system to support a broad range of the use cases including enhanced mobile broadband (eMBB), massive MTC (mMTC), and Ultra-reliable and low latency communication (URLLC) for a wide range of spectrum up to 100GHz. 
The SID does not explicitly include objectives related to RAN4 RRM work, as it is assumed that these aspects will be added to the RAN4 Work Plan as part of the NR Work Item and any subsequent NR-related feature Work Items. Therefore, in this contribution we outlined the potential work scopes for the coming NR WI and the specification skeleton for RAN4 RRM basically from the three perspectives below: 

· Specification framework
· RF and NW deployment 

· Base band procedures
2 Scalable frameworks for NR RRM
Given the NR system to support a broad range of the use cases including enhanced mobile broadband (eMBB), massive MTC (mMTC), and Ultra-reliable and low latency communication (URLLC) for a wide range of spectrum up to 100GHz, it can be anticipated that the RRM procedure and requirements for all usage scenarios can be much diverse. And on the other hand, the readability of 3GPP Technical Specifications which will capture these RRM requirements (core and performance) will not clear enough if combing all of them together. As an example of poor scalability of TS 36.133 [2, TS36.133 Rel14.1.0] we only need to consider the adhoc manner in which sections for eMTC, NB-IoT, and other features are added to TS 36.133.  
Observation 1: It is recommended to create a scalable skeleton for the future NR RRM TS such that common RRM requirements and feature-specific RRM requirements can be introduced over the lifetime of NR without compromising the readability of the specification.

Hence the simple approaches to improve the readability of RRM TS could be considered at the beginning of WI. For example, the necessary TSs could be segmented into several sections or documents up to the application usage (e.g. eMBB and URLLC) to clear editorial works and easier maintenance.
Proposal 1: The TS for NR RRM requirements can be composed by 
· Common sections which are applicable for all usages in NR

· Separated sections which are different for the distinct NR applications.  
3 RF Consideration
3.1. NR bands and duplex
In LTE, RRM requirements for both the Frequency Division Duplex (FDD) and Time Division Duplex (TDD) frame structures were specified in TS36.133 [2]. However, in the current RAN4 discussion on NR bands [3], the possible deployed NR bands are for TDD only. For example, for the possible bands below 6GHz proposed by the operators is mainly focus on TDD as shown in the table below. Especially for the bands above 6GHz, only TDD bands will be deployed in order to simply the network planning.  That is RRM procedure and requirements for TDD could be addressed with higher priority than that of FDD in RAN4 in order to minimize UE implementation complexity and simplify network planning.
	Company
	R4-1700xxx
	Proposal

	Sprint, CTC, C-Spire, China Unicom
	255
	2496MHz – 2690MHz

	AT&T
	034
	37-37.6GHz, 37.6-40GHz

	DISH Network
	193
	12.2-12.7GHz

	Orange
	194
	703-748MHz/758-803MHz, 832–862MHz/791-821MHz、1920-1980MHz/2110-2170MHz,1710-1785MHz/1805-1880MHz,2500-2570MHz/2620MHz-2690MHz,3400-3600MHz,3600-3800MHz,5.925-8.5GHz,24.25-27.5GHz,31.8-33.4GHz

	KT
	210
	880 – 915MHz/925 – 960MHz, 1920 – 1980MHz/2110 – 2170MHz, 1710 – 1785MHz/1805 – 1880MHz, 2300 – 2400MHz, 3400-3700MHz, 26.5-29.5GHz, 24.25-27.5GHz, 31.8-33.4GHz, 37-40.5GHz

	CMCC
	162
	Around 3.5GHz 

	DOCOMO
	139
	3.3-4.2GHz, 4.4-4.99GHz, 26.5-29.5GHz. 

	China Unicom
	241
	3400 - 3600 MHz,  4800 - 4990 MHz, 4400 – 4500 MHz,  3300 - 3400 MHz,  2496 - 2690 MHz, 24.5 GHz-27.5 GHz, 37 GHz-43.5 GHz

	Verizon, T-mobile
	244
	27.5 – 28.35 GHz

	Huawei, Hisilicon
	124, 267
	3.3-[3.8GHz~4.2GHz], 4.4-4.99GHz, 24.25-27.5GHz, 26.5-29.5GHz, 37-40GHz, 40.5-43.5GHz, 1427 – 1518MHz, 3400 - 3600MHz

	ZTE
	249
	3.6-3.6GHz, 24.25-27.5GHz

	Ericsson
	255, 162
	2496MHz – 2690MHz, Around 3.5GHz 

	Nokia
	255
	2496MHz – 2690MHz


Meanwhile, considering the tighter schedule of NR WI especially for most of RAN4 RRM works are behind of RAN1/RAN2 process, the work scope of RAN4 RRM should be carefully defined with clear prioritization to avoid the unnecessary delay.
Proposal 2: TDD duplex mode shall be study for RRM requirements only or at least prioritized in NR WI first stage.
4 Baseband considerations
In LTE, Radio Resource Management (RRM) specification in 3GPP(e.g. TS36.133) is composed of a wide range of techniques and procedures, e.g. 

· RRC_IDLE state mobility (Section 4 in TS36.133): 
· Cell search and synchronization with the target cell

· Cell selection/reselection  

· RRC_CONNECTED state mobility(Section 5 in TS36.133)
· Handover delay
· Cell detection of the target cell

· Random access to the target cell

· RRC Reconnection control (Section 6 in TS36.133)

· RRC re-establishment delay

· Random access delay

· Timing aspects (Section 7 in TS36.133)

· UE transmit timing

· Radio link monitoring

· SCell activation/deactivation

· Interruption for CA/DC

· UE Measurement procedure  (Section 8 in TS36.133)

· Intra/inter frequency measurement delay 

· Inter-rat measurement delay
· UE measurement performance requirements (Section 9 in TS36.133)

· CRS-RSRP/RSRQ

· CSI-RSRP

· Other measurement metrics for positioning, e.g. RSTD

For LTE, these RRM mechanism and requirements in TS36.133 have been widely tested from the items list above to guarantee the reliable UE performance. And even for the NB-IoT, ProSe features, the similar RRM requirements are considered from perspective above. Hence at the first stage of NR WI discussion, these main components in RRM requirements specification same as these of LTE specification shall be addressed. 

4.1. Mobility in NR
Generally RRM-related actions undertaken by the UE can be performed in the different RRC states. For example, in LTE the measurement on the neighbor cells for the cell selection/reselection evaluation purpose in RRC_IDLE but for the HO in RRC_CONNECTED. In RAN2 the RRC_INACTIVE state was agreed in NR. As results, some new UE functionalities will be introduced, e.g. the RTA updates [4, section 5.5.2]. 
	
	NR RAN IDLE
	NR RAN INACTIVE
	NR RAN CONNECTED

	Mobility handling
	Cell re-selection
	Cell re-selection
	Network controlled, i.e. handover within NR and to/from E-UTRAN

	UE AS context
	FFS-1:
The UE AS context is not stored in any gNB or in the UE;
	The UE AS context is stored in at least one gNB and the UE;
	The UE has an AS context in NR

	DL reachability mechanism
	Paging is initiated by CN;
	Notification is initiated by NR RAN;
	Transfer of unicast data to/from the UE

	DL Reachability area
	Paging area is managed by CN.
	RAN-based notification area is managed by NR RAN;

NR RAN knows the RAN-based notification area which the UE belongs to;
	NR RAN knows the cell which the UE belongs to

	RRC connection
	
	CN – NR RAN connection (both C/U-planes) has been established for UE;
	The UE has an NR RRC connection


· RRC_IDLE
In RAN1, it was agreed that IDLE mode in NR refers to a UE state similar to LTE IDLE state, whose exact definition is up to RAN2. And NR supports cell-level mobility based on DL cell-level measurement (e.g. RSRP for each cell) in IDLE mode UE. Thus RRM procedures and requirement for NR RRC_IDLE can be same as these of LTE, e.g. the cell detection, measurement and evaluation time, and cell selection/reselection delay.

· RRC_INACTIVE
According to the RAN2 discussion about the functionalities of RRC states in NR, the mobility handing for the new RRC_INACTIVE can be same as that of RRC_IDLE. This implies RRM requirements for RRC_IDLE in LTE can be reused for the mobility of RRC_INACTIVE in NR.
Proposal 3: The RRM requirements for LTE RRC_IDLE mode (e.g. TS36.133 Section 4) can be used as the baseline requirements for UEs in both RRC_IDLE and RRC_INACTIVE modes in NR. 

· RRC_CONNECTED
CONNECTED mode refers to a UE state similar to LTE CONNECTED state, although whose exact definition is still up to RAN2. That is the RRM requirements defined in LTE are still be valid for NR. For instance, the mobility performance requirements for RRC_CONNTED can be expressed in terms of handover delay, which depends on RRC procedure delay and the interruption time. And for RRC reestablishment requirements can be considered as one of RRC_CONNECTED mobility performance requirements for the control plan. 

Proposal 4: The requirements metric for RRC_CONNECTED state for cell level mobility in LTE can be severed as the start point for these in NR. 

But on the other hand, in NR the beam forming with large antenna array at both TRP and UE is one of the promising solutions. The beam management in RRC_CONNECTED state is fundamental RRM procedure in UE side. The new RRM requirements for the beam management (e.g. beam sweeping) are expected. 
Proposal 5: Beside the legacy cell mobility management (e.g. cell handover), the other new RRM procedure requirements for LTE RRC_CONNECTED mode in NR shall be considered (e.g. the beam management procedures). 

4.2. Inter-RAT mobility

LTE is designed to support seamless mobility among the different entities (e.g. intra/inter frequency and inter-RAT). For NR, it is undoubtable the similar intra/inter frequency mobility shall be support. The inter-RAT mobility between LTE and NR needs to be addressed for both NSA and SA also . But in NSA, the inter-RAT between NR with other RATs could be similar as inter-RAT between LTE and other non-LTE RATSs which has been addressed in LTE specification. We should consider LTE inter-RAT mobility only since the NR inter-RAT mobility can be handled by LTE. On the other hand, in SA we should prioritize LTE-NR inter-RAT mobility. That means other NR based inter-RAT mobility can be considered if time allows
Therefore, in order to reduce RAN4 RRM work loading in the limited time, we can propose that 

Proposal 6: In NSA NR, RRM requirements for inter-RAT between NR and other RATs can be same as these for inter-RAT between LTE and others in TS36.133 [2].
4.3. Measurement procedure and performance

The measurement reports and performance is one of the most fundamental aspects of RRM requirements which are included in Section 8 & 9 in TS36.133 respectively. In LTE the cell search performance requirements relate to the case of neighbor cell search is also included in the overall measurement requirements. These requirements are highly depended on the physical design, e.g. the numerology, reference signal. And in NR the significant change and enhancement on these physical design are expected. Accordingly the measurement performance for RRM shall be redefined also.

Proposal 7: RRM requirements on the measurement procedure and performance in NR shall be redefined based on RAN1’s physical design.
In summary, the overall potential RRM working scope for NR WI can be listed in the table below. 
Table 1: Overview of NR WI Scope
	RRM TS Sections
	Key aspects of NR WI
	Requirements to be defined in NR

	Section 4.
	RRC_IDLE state mobility
	Measurement and evaluation of the serving cell 

	
	
	Measurement and evaluation of the neighbor cells

	
	
	Cell search and synchronization with the target cell 

	
	
	No performance requirements(e.g. RSRP/RSRQ accuracy) 

	Section 4.
	RRC_INACTIVE state mobility for cell level
	Same as these of RRC_IDLE

	Section 5

	RRC_CONNECTED state mobility
	Cell detection of the target cell

	
	
	Random access to the target cell

	
	
	Beam sweeping

	Section 6
	RRC connection mobility control
	RRC re-establishment requirements

	
	
	Random access

	
	
	UL grant

	Section 7


	Timing aspects
	UE transmit timing

	
	
	Radio link monitoring

	
	
	SCell activation/deactivation for CA&DC

	
	
	Interruption 

	Section 8
	UE Measurement procedure
	Intra-frequency measurements for cell-level mobility

	
	
	Inter-frequency measurements for cell-level mobility

	
	
	Inter-TRP/Beams measurement

	Section 9
	UE measurement performance requirements
	Measurement performance for the cell quantity

	
	
	Measurement performance for the beam mobility 


5 Conclusion
In this contribution the overview of RRM requirements work scope in NR WI was provided. The following observations can be drawn: 
Proposal 1: The TS for NR RRM requirements can be composed by 

· Common sections which are applicable for all usages in NR
· Separated sections which are different for the distinct NR applications.
Proposal 2: TDD duplex mode shall be study for RRM requirements only or at least prioritized in NR WI first stage.
Proposal 3: The RRM requirements for LTE RRC_IDLE mode (e.g. TS36.133 Section 4) can be used as the baseline requirements for UEs in both RRC_IDLE and RRC_INACTIVE modes in NR.
Proposal 4: The requirements metric for RRC_CONNECTED state for cell level mobility in LTE can be severed as the start point for these in NR.
Proposal 5: Beside the legacy cell mobility management (e.g. cell handover), the other new RRM procedure requirements for LTE RRC_CONNECTED mode in NR shall be considered (e.g. the beam management procedures).

Proposal 6: In NSA NR, RRM requirements for inter-RAT between NR and other RATs can be same as these for inter-RAT between LTE and others in TS36.133 [2].
Proposal 7: RRM requirements on the measurement procedure and performance in NR shall be redefined based on RAN1’s physical design.
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