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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.

However, a number of initial views have been exchanged in [7]~[10]. This paper shares Intel’s views on the scope of RRM work for the NR Study Item, including:
i. High-level considerations related to the RAN4 RRM work plan
ii. Measurement for the beam management
iii. New mobility types and status

iv. Measurement gap
We note that considerations related to the testability of NR requirements (including RRM) are captured in a separate paper [11].
2 Discussion 
2.1. High-level considerations
A snapshot of current agreements from TR 38.913 is shown in Table 1 below.

Table 1: Overview of current agreements in TR 38.913 [6]
	KPI
	Peak data rate
	20Gbps for DL, 10Gbps for UL

	
	Peak SE
	30bps/Hz for DL, 15bps/Hz for UL

	
	Bandwidth
	Up to ITU-R requirement

	
	C-Plane Latency (IDLE->ACTIVE)
	10ms

	
	U-Plane Latency
	eMBB: 4ms for DL, 4ms for UL. URLLC: 0.5ms for DL, 0.5ms for UL

	
	Reliability
	Up to 1-10^-5 for X (FFS) bytes within 1ms

	
	Connection density
	1 Million device/km^2 in urban environment

	
	Target mobility
	500km/h

	Operational requirements
	Spectrum range
	Up to 100GHz

	
	Interworking with WLAN 
	Supported

	
	SON 
	Supported

	
	Ultra-low cost
infrastructure/device
	Supported

	
	Lawful Interception
	Supported

	
	Relay 
	Aiming to be supported


Given that much of RAN4 RRM work relies on the existence of a stable definition of the core specification in RAN1 and RAN2, detailed RRM work is expected to occur during the Work Item phase.  However, a number of tasks can be included in the RAN4 RRM Work Plan during the NR Study Item phase.

It is anticipated that a Technical Specifications will capture RRM requirements (core and performance) for NR in the same way as TS 36.133 applies to LTE.  Further discussions on the structure of this NR RRM TS can improve the readability and scalability of this specification.  As an example of poor scalability of TS 36.133 we only need to consider the adhoc manner in which sections for eMTC, NB-IoT, and other features are added to TS 36.133.  Table 1 already identifies a number of KPIs and operational requirements that are expected to map to features that may possess a mix of shared and unique RRM requirements.

Observation 1: It is recommended to create a scalable structure 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.

Observation 2: Within the scope of the NR SI itself it is reasonable to begin drafting a skeleton TS in line with the scalable considerations discussed above.
Recent experience with the accelerated development of the Rel-13 NB-IoT Work Item, where RAN1, RAN2, and RAN4 developed core specifications in parallel has shown that close coordination of work plans across RAN Working Groups enhances progress.

Observation 3: It is recommended to structure the RAN4 Work Plan on RRM in close coordination with expected discussions and outputs from RAN1 and RAN2.
2.2 Views on NR RRM impacts
i. Measurements for the beam management 
In NR in order to ensure basic coverage for the mobile communication at the high frequency band (>6GHz), the beam forming with large antenna array at both TRP and UE is one of the promising solutions. Hence the measurements with both the TX and RX beams are needed to enable beam selection/switching operations. The beam-specific reference signal (BRS) may be defined for the mobility measurements (e.g. handover and cell selection/reselection). In other words, BRS may be used not only for the cell/TRP specific mobility management but also for the beam specific mobility management (if defined). 
Observation 4: If beam-specific reference signal is introduced, it is recommended that the measurement requirements for the beam-specific reference signal be introduced in NR for both NR-Cell specific mobility management and beam specific mobility management.
Because of the highly directional nature of narrow beamforming in NR communications, what and how UE shall exactly report the beam measurement results are essential for the correct beam/cell selection. In RAN1 and RAN2 the selection of BRS measurement metric may depend on the several aspects.

· Tx beam and Rx beam:

As shown in the figure below, for the beamforming at both TRP and UE ends to resolve the coverage issue in high frequency carriers, the quality of a radio link in UE highly depends on not only eNB’s Tx beam but also the UE’s RX beam. 
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Figure 1. TX and RX beams in NR

· Reporting overhead

The total number combination of Tx and Rx beams is expected to be high, and it seems impossible to report all measurement results of all available beam pairs combination. UE can select the best beam pair via measured quality and feedback it to eNB to minimize the reporting overhead. 
· Measurement periodicity

In principle, beam measurement reference signal should be periodically transmitted from eNB which is same as CRS in LTE. But as the beam selection in NR may take much long period to search the best beam pair among all possible beam combinations, the overhead of BRS resource with short periodicity will be too high to be feasible.  Hence, the periodicity of BRS measurement and reporting in NR shall be considered carefully to avoid the inefficient resource utilization indeed. 
On the other hand, in principle the measurement can be occurred in every BRS transmission. But in order to save the power consumptions UE could be flexible to perform the measurement within the longer interval if the related requirements stratified. 
Observation 5: The beam-specific measurement periodicity could rely on both BRS periodicity and UE power consumption requirement.
Beside the periodic BRS measurement, the aperiodic beam measurement is also possible. The aperiodic measurement can provide some additional functionality. For example, with the aperiodic beam measurement it is possible to refine the beams. This is useful in many scenarios. Our companion paper for RAN1 [5] has discussed this option in detail. Additionally the aperiodic beam training signal could reduce some unnecessary overhead as well. And for RAN4, with the aperiodic beam training sginal, UE power consumptions for the measurement could be saved significantly. 
Observation 6: An investigation of both the periodic and aperiodic beam measurements is recommended.

Particularly, for BRS measurement reporting the several metrics below for beam management could be considered.
a) The RSRP of the best beam pair between all TX beams and RX beams
b) The average RSRP of the beam pairs between all TX beams and RX beams 
c) The N-best RSRPs of the beams pairs between all TX beams and RX beams, which is greater than a specific threshold
d) The RSRP of the best beam pair between one of TX beams and all RX beams 
e) The N-best RSRPs of the beams pairs between one of  TX beams and all RX beams, which is greater than a specific threshold
f) Others
Note that the analog beamforming with a phase shifter could rely on the best beamform between TX and RX. On the other hand the digital beamforming may need more feedback in comparison with the analog beamforming especially with larger number of antenna ports. And the hybrid beamforming should be supported in NR to compensate the path lose in the high bands and enhance the performance . That is for NR the feasible reporting metric for BRS measurement may rely on several other factors beside the direct link between RX and TX (e.g. UE receiver implementation algorithm). Particularly from RAN4 perspective more related considerations on these metric (e.g. UE flexibility on beam selection and testing feasibility) shall be taken into account also. 

Observation 7: An investigation of the feasibility of different types of BRS measurements metric from RAN perspective is also recommended.
ii. Mobility types and status in NR
Different mobility types need to be considered for NR. The UE will need to move between different beams, TRPs (Transmission reception Point), NR-eNBs and in different frequency layers within NR.  And it may also move in and out of NR in both standalone and non-standalone scenarios. Thus at least the following additional mobility types for NR in comparison with LTE can be:
· Intra-cell/TRP mobility: refer to operation where mobile UEs are moving inside NR coverage area and served by one or more TPs which are controlled a single RRC entity. It is possible using lower layer measurement similar as the L1 measurement for CoMP. Thus the corresponding RRM requirements under such scenario could be minimized.
· Inter-cell/TRP mobility: refer to that the UE switches beam across two different TRPs which are under the different RRC entities (e.g. eNB). And depends on the operating carrier frequency, the intra-frequency and inter-frequency mobility for inter-TRP shall be included. 
· Inter RAT mobility: e.g. NR interworking with LTE and other non-3GPP systems
· etc
Observation 7: Requirements related to the particular NR mobility types should be studied in RAN4.
For the mobility status, in LTE RRM requirements are specified for RRC_IDLE and RRC_CONNECT only. For NR, RAN2 is considering to introduce a new RAN-based mobility framework for UEs that are not in active communication. For example, UEs in NR RAN controlled "inactive state” [3] could perform mobility within an area without notifying the network.
Observation 8: If additional RRC states are introduced, it is important to introduce corresponding RRM requirements.
iii. Measurement gap enhancement in NR

In NR, the motivation to introduce the new measurement gap [4] includes: 
· Measurement on the different beams: the UE and eNB are expected to beam sweep (i.e changing analog beam transmitter). Thus UE need to measure the different beams from eNB at least. The measurement gap may be required for intra-frequency/inter-frequency measurement when beam RS are not transmitted in the same subframe.
· Multiple frame structure needs the specific measurement configuration to utilize the resource efficiently.
· LTE and NR and other inter-RAT measurement 

Observation 9: It is recommended to study measurement gap configurations for NR.
In summary, the overall potential RRM impacts for NR can be listed below. 
	RRM aspects
	Impacts in NR RRM

	Measurements for the beam management 
	It shall be more careful to select the measurement metric and sampling periodicity based on RAN1 BRS design.

	Mobility types and status 


	The requirements regarding to more NR mobility types and RRC status shall be considered in RAN4.

	Measurement gap 
	The measurement gap configuration shall be studied in RAN4.


Furthermore, these RRM impacts for NR above could be prioritized in RAN4 depending on RAN1&2 discussion. 
Observation 10: Depending on RAN1&2 relevant discussion, these RRM discussion in RAN4 can be prioritized. 
3 Conclusion
In this contribution the overview of RRM measurement requirements in NR was provided. The following observations can be drawn: 
Observation 1: It is recommended to create a scalable structure 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.

Observation 2: Within the scope of the NR SI itself it is reasonable to begin drafting a skeleton TS in line with the scalable considerations discussed above.
Observation 3: It is recommended to structure the RAN4 Work Plan on RRM in close coordination with expected discussions and outputs from RAN1 and RAN2.
Observation 4: If beam-specific reference signal is introduced, it is recommended that the measurement requirements for the beam-specific reference signal be introduced in NR for both NR-Cell specific mobility management and beam specific mobility management.
Observation 5: The beam-specific measurement periodicity could rely on both BRS periodicity and UE power consumption requirement.
Observation 6: An investigation of both the periodic and aperiodic beam measurements is recommended.
Observation 7: Requirements related to the particular NR mobility types should be studied in RAN4.
Observation 8: If additional RRC states are introduced, it is important to introduce corresponding RRM requirements.
Observation 9: It is recommended to study measurement gap configurations for NR.
Observation 10: Depending on RAN1&2 relevant discussion, these RRM discussion in RAN4 can be prioritized.
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