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[bookmark: _Toc475988925]3.2	Abbreviations
For the purposes of the present document, the abbreviations given in 3GPP TR 21.905 [2] and the following apply. 
An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in 3GPP TR 21.905 [2].
<ACRONYM>	<Explanation>
BS	Base Station
CA	Carrier Aggregation
DUT	Device Under Test
gNB	NR Node B
IF	Intermediate Frequency
LNA	Low Noise Amplifier
NR	New RAT
NR-SS	NR Synchronization Signals (composed on NR-PSS and NR-SSS)
NSA	Non-StandAlone (NR)
OTA	Over The Air
PA	Power Amplifier
RAT	Radio Access Technology
Rx	Receiver
TRP	Total Radiated Power
TRxP	Transmission Reception Point
Tx	Transmitter
UE	User Equipment
---------------------------------- Next modified section ----------------------------------
[bookmark: _Toc475989091]9	Radio resource management
[bookmark: _Toc475989092]9.1	Mobility aspects
At least two UE states will be specified in NR: RRC_CONNECTED and RRC_IDLE. A new state, RRC_INACTIVE, may alsoalso is expected to be introduced for NR UE as outlined in TR 38.804 [43], for which the UE and at least one gNB should keep the AS context information. RAN4 RRM requirements have to ensure NR UE performance while in any of the NR RRC states, as well as smooth transition between the RRC states.
NR cell corresponds to one or multiple TRxPs, which may be co-located or non-collocated. A cell is associated with a cell ID. Detecting a cell by a UE means detecting also at least its cell ID. The cell ID is the same ID as that carried by NR-SS. 
In the IDLERRC_IDLE state, the UE camps on a best cell and cell-level mobility is supported based on DL cell-level measurements.
The IDLERRC_IDLE state (in at least standalone NR) involves at least the following UE procedures:
· Cell selection (including cell evaluation)
· Cell selection refers to initial detection of an NR cell during cell selection procedure (i.e., the NR UE is not yet camped on a cell), e.g. at power onON, resulting in UE camping on the selected cell. To select a cell, the UE has to perform measurements and evaluate whether the cell is suitable for being selected.
· Cell reselection (including at least cell evaluation)
· NR UE which has been camping on a cell may reselect to another cell.
· Cell identification (including at least cell detection)
· NR UE camping on a cell can perform cell identification.
For mobility, cell reselection and cell identifcationidentification RRM requirements will be specified.
In the CONNECTEDRRC_CONNECTED state, UE mobility is supported based on DL cell-level and/or beam-level measurements. In multi-beam operation, beam-level measurements can be used to derive cell-level quality of the cell associated with the beams. In the CONNECTEDRRC_CONNECTED state, the NR UE can perform:
· Cell identification, including at least cell detection,
· Beam identification, performed in an  identified cell and included at least beam detection.
Depending e.g. on RAN1 design and RAN2 signaling, the identification time periods (e.g., for cell or beam identification) may also involve performing and reporting a measurement or receiving a part of the system information.

The mobility procedures in the RRC_INACTIVE state may be different from those in the IDLERRC_IDLE and CONNECTEDRRC_CONNECTED states and may also depend on how the RRC state transition is performed.

In addition to intra-RAT mobility, inter-RAT mobility at least between standalone NR and LTE will also be supported.

For the relevant RRC states, RAN4 will specify RRM requirements to ensure UE performance in relation to intra-RAT, including intra-frequency and inter-frequency, as well as inter-RAT mobility to support the agreed NR-based network architectures. If beam-level mobility is supported, RAN4 would need to develop the corresponding mobility requirements too. The mobility requirements need to cover, e.g., RRC connection, random access, handover, cell reselection, cell identification, beam identification, etc. The mobility procedures may need to be performed with and without neighborneighbour list provided by the network.

UL-based mobility for NR has also been discussed in RAN2. If UL-based is supported in NR, RAN4 needs to discuss the necessary requirements during the NR WI.

[bookmark: _Toc475989093]9.2	Beam management
The following RRM procedures related to beam management can be further studied:
· Beam determination: RAN4 needs to study requirements for this procedure related to select at least one of its own transmit/receive beam(s).
· Beam measurement: RAN4 needs to study requirements for beam measurement. The detailed requirements need further study since the physical layer design has not been finalized. The potential requirement may include beam measurement period, beam measurement accuracy, etc.
· Beam reporting: RAN4 needs to study the potential requirement for beam reporting. The requirement may include at least reporting delay.
· Beam sweeping: Whether RRM requirements for beam sweeping at both NR UE and TRxP sides are needed needs further study in WI phase.
[bookmark: _Toc475989094]9.3	Timing aspects
Timing aspects of NR RRM shall be investigated in the NR work item phase.
[bookmark: _Toc475989095]9.4	Power consumption related aspects
[bookmark: _Toc475989096]9.4.1 	Power consumption model for RRM
Power consumption models may be useful for investigating the power consumption impact of different RRM requirements. Models are needed for both gNB and UE. The power consumption models are simplified models and are not intended to capture details or in any way limit gNB or UE implementation. Different models are defined for the UE and the gNB.
[bookmark: _Toc475989097]9.4.1.1	UE power consumption model
Four different power consumption conditions are defined as shown in figure 9.4.1.1-1:
· Deep sleep: The UE is operating in its lowest power consumption mode, with baseband circuits maintaining timing to the lowest level of accuracy and minimal other baseband activity. RF circuits are not active.
· Light sleep: The UE in this state have maintained timing using a clock and activity level which allows reception to be started with a reasonably small delay. This state represents the UE being ready to start to receive with minimal delay.
· Active RX only: The UE is actively receiving, or attempting to receive a signal. This state is characterised by the RF receiver circuit being active.
· Active TX only: The UE is actively transmitting a signal.
Active TX + RX: The UE is actively receiving and transmitting (RX and TX are active). The power consumption in this state is assumed to be the sum of the active RX only power consumption + active TX only power consumption.
[image: ]
Figure 9.4.1.1-1: Power consumption states for the UE model
The UE or gNB power consumption state can change dynamically based on NR UE requirements for reception and transmission. For example, if DRX is active in a UE it can be expected to spend as much of the DRX off duration as possible in deep sleep. Prior to an RX on period, it may move to light sleep state before it enters active RX and TX depending on requirements for reception and transmission. UE will remain in active state as required according to monitoring and scheduling requirements. When UE is no longer required to receive or transmit, it may move back to light or deep sleep again. Power consumption may be estimated by considering the proportion of time that the UE spends in each state.
RRM activities may extend the duration that the UE needs to remain in either the active RX state or the active TX state. 
The parameters used for the NR model are shown in table 9.4.1.1-1.
Table 9.4.1.1-1: Predicted power consumption in different states for the UE model.
	Parameter
	Label/value
	Default value

	Absolute power consumption in “Active with data txTX” state. Relative uUpper limit set to get some absolute numbers on the graphs.
	Pat, CA-N Note 1
	TBD mW

	Relative power consumption in “Active data/no data rxRX” state.
	Par, CA-M Note 2
	TBD*Pat

	Relative power consumption in “Deep sleep” state.
	Pds
	TBD*Pat

	Relative power consumption in “Light sleep” state.
	Pls
	TBD*Pat

	Duration of transition from “Deep sleep” to “Light sleep” state.
	Td2l
	TBD ms

	Relative power consumption while changing from “Light Deep sleep” to “Light sleep” state.
	Pd2l
	TBD * Td2l

	Duration of transition from “Light sleep” to “Active with (no) data rxRX” state.
	Td2lTar2l
	TBD ms

	Duration of transition from any active state to any sleep state
	Tat2d or Tat2l or Tar2d or Tar2l
	TBD ms

	Note 1 : This parameter is determined for each possible UL CA configuration.
Note 2 : This parameter is determined for each possible DL CA configuration.


[bookmark: _Toc475989098]9.4.1.2	gNB power consumption model
The gNB power consumption model is characterized by 4 states as illustrated in figure 9.4.1.2-1.
[image: ]
Figure 9.4.1.2-1: Power consumption states for the gNB model
The power consumption assumption and the RRC state transition assumptions are listed in table 9.4.1.2-1.
Table 9.4.1.2-1: Predicted gNB Power consumption under different conditions.
[image: ]
The principles of the gNB power consumption model are the same as for the NR UE model. gNB can be in different power saving states each of which depends on the activity (transmission and/or reception) of the gNB. A gNB power consumption depends on the configuration and load. If the gNB is 2x2 macro with full load or no load the power consumption is listed in the Load column in table 9.4.1.2-1. If the gNB does not need to be active in next symbol it may enter sleep mode 1 (SM1). If gNB does not need to be active for 1ms it can then enter sleep mode 2 (SM2), etc. The gNB wake up procedure goes back to full activity in a step wise manner.
[bookmark: _Toc475989099]9.4.2	Principles for reducing power consumption
At least the following list of possible techniques for power saving can be studies for NR RRM:
1. Power saving opportunities for transmission of reference signals
· Follow lean carrier principles
· Transmission of NR-SS synchronization signal as infrequently as possible.
· Transmission of reference signals as infrequently as possible.
· Transmission of measurement reference signals necessary to perform time and frequency synchronisation, allow identifying a beam and perform beam measurements.
· Minimise time duration of individual transmissions e.g. using wideband signals in frequency domain.
· Provide assistance information on reference signal timing in neighbour nodes to reduce NR UE measurement time (e.g. similar to DMTC window in LTE).
· RAN4 should study the effect of the above principles on the NR RRM requirements.
2. Power saving opportunities for receiving and measuring reference signals
· RAN4 should explore measurements activity in order to enable NR UE power savings. 
· RAN4 should study wideband measurements versus longer measurement time to reach a given level of accuracy.
· RAN4 should take into account the UE power saving opportunities when developing measurements requirements in order to enable UE power savings,. eE.g. align performance requirements with DRX.
· RAN4 should enable that available assistance information is used to minimize search and measurement time.
[bookmark: _Toc475989100]9.4.3 	Configurability of requirements
Power consumption in RRM requirements is an engineering trade-off. Performance of measurements needs to be good enough to meet the needs of the system but it would be wasteful to have minimum requirements which exceed the needs of the system. 
In determining the RRM requirements for NR the goal should be to ensure that power consumption and measurement delay is configurable over a suitable range.
[bookmark: _Toc475989101]9.5	Measurements and measurement related requirements
[bookmark: _Toc475989102]9.5.1	Measurement procedures
A NR UE can perform measurements at least in the IDLERRC_IDLE state (when it is camped on a cell) and CONNECTEDRRC_CONNECTED state. The UE will perform measurements according to the corresponding requirements.
The UE will perform measurements at least for the following purposes:
· Mobility
· Beam management
[bookmark: _Toc475989103]9.5.2	Measurement reporting
The NR UE will report measurement results at least in CONNECTEDRRC_CONNECTED state.
[bookmark: _Toc475989104]9.5.3	Measurements by carrier frequency relation
[bookmark: _Toc475989105]9.5.3.1	Intra-frequency measurements
In NR, the UE will support intra-frequency measurements at least for intra-frequency mobility, RRM (e.g., beam management), and RLM. RAN4 needs to study whether UE needs measurements gaps for intra-frequency measurements.
[bookmark: _Toc475989106]9.5.3.2	Inter-frequency measurements
In NR, UE will support inter-frequency measurements at least for inter-frequency mobility. 
The inter-frequency measurements on different frequencies may be for different numerologies, which may further impact the inter-frequency measurement gap configurations.
UE may need measurement gaps to perform inter-frequency measurements.
[bookmark: _Toc475989107]9.5.3.3	Inter-RAT measurements
In NR, UE will support inter-RAT measurements for inter-RAT mobility at least between NR and LTE. The measurements will be performed according to the corresponding RAN4 requirements.
[bookmark: _Toc475989108]9.5.3.4	CA measurements
In NR, the UE will support CA measurements at least for serving cells change and RRM (e.g., beam management). RAN4 needs to study whether UE needs measurements gaps for CA measurements.
[bookmark: _Toc475989109]9.5.4	Measurements in relation to beams
The impact of the beamforming on measurements performed by the NR UE is to be further based on at least following aspects.:
A UE may perform measurement with at least one of: DL transmit beam, DL receive beam, UL receive beam, and UL transmit beam.
RAN4 should further discuss whether there is a difference between measurements with and without beamforming and if so, what is the exact difference.

[bookmark: _Toc475989110]9.5.5	Measurement bandwidth aspects
Requirements for measurements shall be developed for NR UEs supporting different bandwidths. The requirements may include specification of a minimum measurement bandwidth which is the minimum bandwidth upon which the accuracy requirements are based assuming UE is using minimum measurement bandwidth. The possibility to configure wideband measurements (e.g. the measurement bandwidth size and allocation), for example with RRC signalling, is not precluded.
RAN4 should investigate how the minimum measurement bandwidth may scale according to subcarrier spacing. In addition, RAN4 needs to look at whether different NR use cases (such as mobile broadband, machine type communication and/or URLLC) could lead to different minimum measurement BWs.
RAN4 needs to study whether to define minimum measurement bandwidth during the NR work item for different use cases and subcarrier spacings.  
[bookmark: _Toc475989111]9.5.5.1	Measurements for UEs with different supported BW and numerology
In NR, a UE may support a bandwidth which is less than the NR system bandwidth. In addition, for more capable devices which support at least the NR system bandwidth, bandwidth adaptation is being considered, whereby UEs may change operating bandwidth for balancing between power saving and scheduling purposes on a semi-static or dynamic basis.
In either case, the UE requirements should be developed assuming that UE performing RRM measurements over a bandwidth which is not more than the currently configured UE downlink operating bandwidth, i.e. the UEs current operating radio link. 
RAN4 should investigate measurement gaps and if they are provided to allow bandwidth reconfiguration of the receiver.
In NR, a cell may operate with multiple OFDM numerologies simultaneously using either FDM or TDM techniques. NR UEs may support a subset of the numerologies which NR cells are currently operating with. In these cases, measurements may be performed only on resource elements which correspond to numerologies supported by the UE.
[bookmark: _Toc475989112]9.6	Measurement capacity
The impact of the beamforming on the amount of parallel measurements supported by the NR UE should be further studied.
[bookmark: _Toc475989113]10	Testability
[bookmark: _Toc475989114]10.1	RRM requirements testability
[bookmark: _Toc475989115]10.1.1	General
Testability aspects of both gNB and UE have been considered. Unless otherwise indicated below, device under test (DUT) could refer to either gNB or UE nodes. The exact list of RRM tests for UE and gNB can only be determined once the core requirements are settled.
[bookmark: _Toc475989116]10.1.2	Testability of NR RRM requirements on frequency bands below 6GHz
For low frequency bands below 6GHz, the conducted testing is considered as the baseline approach for NR RRM testability.
If BS RRM requirements and test scenarios are developed, the re-use of the AAS BS measurement setup can be investigated.
NR RRM testing can generally be performed using the antenna connectors and following similar approaches as are applicable for E-UTRA UE or eNB below 6 GHz. The exact details of the tests shall be determined when the tests are implemented. 
It is possible that for some specific features of NR such as beamforming, over the air tests developed for frequency bands above 6GHz (as in section 10.1.3) could be reused on frequency bands below 6GHz in order to avoid the need to develop both OTA and conducted tests for beam based measurements. 
[bookmark: _Toc475989117]10.1.3	Testability of NR RRM requirements on frequency bands above 6GHz
For frequency bands above 6GHz (ege.g. mm-wave), conducted antenna connectors are assumed not to be available at DUT and the OTA testing is considered as the baseline approach for NR RRM testability. 
The possibility of performing conducted tests using an intermediate frequency (IF) were evaluated. It was decided that this approach would be challenging to standardise for various reasons since IF is an internal interface in the DUT and using a standardised IF (signal level, number of IF ports, IF frequency, etc.) would preclude many different DUT implementations including direct conversion receivers. In addition, IF testing excludes all components which operate at the radio frequency such as RF filters, duplexers, transmit receive switch, low noise amplifier (LNA), power amplifier (PA), analogue beamforming phase shifting elements etc., and the algorithms which control such components from the test.

[bookmark: _Toc475989118]10.1.3.1	Over the air test testing
Further details of a suitable OTA test environment are to be discussed in the work item, and may have impact to the core requirements which are defined. For example, side conditions for the applicability of core requirements should be defined in a way in which they can be ensured in an OTA environment.
The baseline measurement setup of NR RRM characteristics for f > 6 GHz is capable of establishing an OTA link between the DUT and a number of emulated gNB sources and is shown in Figure 10.1.3.1-1 below.
Diagram TBD
Figure 10.1.3.1-1: Baseline measurement setup of RRM characteristics
The RRM baseline measurement setup shares all aspects in common with the UE RF setup defined in 10.2.2.1 and includes the following aspects in addition:
-	A positioning system such that the angle between the N antennas (N ≥ 2) transmitting the emulated gNB sources and the DUT has at least two axes of freedom
	-	Where N corresponds to the maximum number of emulated gNB sources defined in the RRM test scenarios
	-	It is desirable that at least 1 antenna provides for an angular relationship with the DUT that is independently controllable (or the setup should provide equivalent functionality)
	-	It is FFS whether all N antennas need to provide independently controllable angular relationships
	-	Requirements on the polarization properties and control of each antenna are FFS
-	It is likely that the measurement uncertainty budget for the RRM setup may contain additional measurement uncertainty elements relative to the setup defined in 10.2.2.1
-	It is FFS how to model propagation conditions between the DUT and the emulated gNB sources
If BS RRM requirements and test scenarios are developed, the re-use of the AAS BS measurement setup can be investigated.
---------------------------------- End of modified section ----------------------------------
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