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1. Introduction
In RAN#75 meeting, a new WI [1] “Work Item on New Radio (NR) Access Technology” was approved. There were extensive discussions on RRM impacts of NR in previous relevant SI. In this contribution, we provide our views on RRM requirements for NR WI.
2. Discussion
The main RAN4 relevant objectives as listed in the WI are as following.
	-
The following specifications including frequency bands/their DC(Dual Connectivity between E-UTRA and NR)/CA(Carrier Aggregation within NR) combinations and Layer 1/2 specifications [RAN4].

-
Targeted frequency bands and their DC/CA combinations and associated requirements. Note that they are summarized in the enclosed document.
·    Base station radio transmission and reception
· Conducted and/or OTA RF requirements for below 6GHz

· Note: Conducted and/or OTA RF requirements for between 6GHz and 24 GHz will be specified once bands within this range are introduced into WID
· OTA RF requirements for above 24GHz.
· EMC requirements
·    UE radio transmission and reception
· Both Non-stand alone and Stand-alone operation are included
· Conducted RF requirements for below 6GHz
· Note: Conducted and/or OTA RF requirements for between 6GHz and 24 GHz will be specified once bands within this range are introduced into WID
· OTA RF requirements for above 24GHz
· EMC requirements
·    Radio Resource Management
· Conducted RRM requirements for below 6GHz 
· Note: Conducted and/or OTA RRM requirements for between 6GHz and 24 GHz will be specified once bands within this range are introduced into WID
· OTA RRM requirements for above 24GHz
· Requirements for Non-Stand-alone operation
· Requirements related to following procedures are not included.
· Idle mode mobility 
· Requirements for Stand-alone operation
· OTA test aspect affecting UE RF, BS RF and RRM core requirements


Regarding the RRM requirements, RAN4 should specify requirements for both stand-alone and Non-stand-alone operations. For NSA operation the Idle mode mobility requirement is not included. All the other RRM requirements should be applied to both of NSA and SA operation though some of the requirements would be different for some use cases due to different operation.
Based on the LTE RRM requirements which can be considered as a starting point, the NR RRM requirements can be categorized into following aspect though the structure of the specification can be further discussed.
· Mobility requirements
In LTE RRM requirements mobility relevant requirements are specified as following.

Section 4: RRC_IDLE state mobility
Section 5: RRC_CONNECTED state mobility
Section 6: RRC connection mobility control
In NR three RRC states are defined as in [2], including RRC_IDLE state, RRC_INACTIVE state and RRC_CONNECTED state. One additional RRC_INACTIVE state compared to LTE is specified. 

The main procedures in RRC_IDLE state are cell reselection and paging. The cell reselection includes Intra-frequency reselection, Inter-frequency reselection and Inter-RAT reselection. Thus corresponding requirements for the cell reselection cases should be specified for non-beamformed operation as what is in LTE. 
In multi-beam operations (beam-based), measurement quantity of a cell is derived from N best beams corresponding to the same cell where the value of N can be configured to 1 or more than 1. The measurement delay would be different as UE need to sweep and measure multiple cells. Therefore the cell reselection requirements for non-beamformed operation and beam-based operation would be different.
For the paging, current requirement in 4.2.2.7 in [4] specifies minimum interruption in monitoring downlink channels for paging reception when UE performs the cell re-selection. It seems similar requirement is also needed for NR. 
The main procedures in RRC_INACTIVE state are also cell reselection and paging. The cell reselection includes following possible methods. The cell reselection is the same as in RRC_IDLE state, so the cell reselection requirements for RRC_IDLE can also applied to RRC_INACTIVE.

While in RRC_IDLE the UE monitors CN-initiated paging, in RRC_INACTIVE the UE is reachable via RAN-initiated paging and CN-initiated paging. RAN and CN paging occasions overlap and same paging mechanism is used, so the paging requirements would also be the same for RAN paging and CN paging. Further it would be the same as in RRC_IDLE state.
In summary similar RRC_IDLE state mobility requirements as in LTE for cell reselection and paging should be specified for NR RRC_IDLE and NR RRC_CONNECTED state. Note that for NSA no idle mode mobility requirement is needed but inactive mode mobility requirements may be needed. How to specify the mobility requirements for idle mode and inactive mode needs to be studied in RAN4.
In RRC_CONNECTED states the mobility is controlled by network. For the cell level mobility and inter-gNB mobility RRC signalling is used to trigger handover. The handover signalling procedure for cell level mobility adopts the same principle as Rel-13 LTE as specified in TS 36.300. The details of signalling procedure for inter-gNB handover is still under discussion in RAN2. In NR there is also intra-cell mobility, i.e. TRxP level handover, which is handled by PHY and/or MAC. Handover requirements should be specified for different handover scenarios.

Regarding the RRC connection mobility control, requirements for RRC procedures and random access should be specified as in LTE.

According to above analysis, following observations are made.

Proposal 1: Specify mobility related requirements for NR for RRC_IDLE state, NR RRC_INACTIVE state and RRC_CONNECTED state as well as RRC connection mobility control requirement.
· Measurement requirements

In LTE there are different kinds of measurements in relation to carrier frequency, which including intra-frequency measurements, inter-frequency measurement, intra-RAT measurement and CA measurement. There were discussions in RAN4 on NR measurements and it was captured in [3] that NR UE will support these measurements. Corresponding requirements for measurements for RRC_CONNECTED state should be specified.
In NR the maximum channel bandwidth per NR carrier is 400MHz from physical layer aspect in Rel-15. Requirements for measurements shall be defined for UEs supporting different bandwidth. Whether to use minimum bandwidth to define requirements as in LTE should be further studied in NR. Impact of multiple subcarrier spacing should also be taken into account.
Measurement gap is need for UEs not supporting gapless measurement when doing inter-frequency, inter-RAT and deactivated SCell measurement in LTE. But in NR measurement gap may be needed either for intra-frequency measurements.

Measurement requirements include cell identification delay, radio link monitoring, RSRP/RSRQ kind of measurement accuracy, measurement time etc. In addition measurement capacity should be also studied to define appropriate requirements for UE operating in SA and NSA. This is mainly due to the multi-beam measurement which may demand more parallel measurement capacity of UE.
Proposal 2: Specify measurement related requirements for NR, including cell identification delay, radio link monitoring, measurement time, measurement accuracy etc.
· Beam management relevant requirements

Beam based measurement is one of the important feature in NR. Beam management procedures include beam determination, beam measurement, beam reporting and beam sweeping. In generally requirements for the beam management procedures should be specified to guarantee the system can work. 
Proposal 3: Specify requirements for beam management procedure for NR.

· Timing requirements

In [3] regarding the maximum supported channel bandwidth for NR it is follows.
It was concluded that from physical layer specification perspective the maximum supportable channel bandwidth at this stage is 400MHz while from RF feasibility perspective the ranges of the maximum channel bandwidth are as follows:  

-
For below 6GHz: Maximum CBW will be further studied in range of 100MHz ~ 200MH.
-
For above 6GHz: Maximum CBW will be further studied in range of 100MHz ~ 1GHz
Larger and multiple bandwidth will be introduced for NR. UE initial transmission timing error requirements and UE maximum autonomous timing adjustment step requirements are depends on bandwidth. It is seen defining corresponding requirements are needed.
Proposal 4: Specify requirements for UE transmission timing.

During NR SI power consumption was extensively discussed. Different power consumption model for UE and gNB were defined respectively. Power consumption has a great impact on RRM requirements. Usually there would be a trade-off between power consumption and measurement delay, measurement accuracy etc. It should take power consumption into account when defining RRM requirements.
3. Conclusion
In this contribution, we provide views RRM requirements for NR. Following proposals are present.
Proposal 1: Specify mobility related requirements for NR for RRC_IDLE state, NR RRC_INACTIVE state and RRC_CONNECTED state as well as RRC connection mobility control requirement.
Proposal 2: Specify measurement related requirements for NR, including cell identification delay, radio link monitoring, measurement time, measurement accuracy etc.
Proposal 3: Specify requirements for beam management procedure for NR
Proposal 4: Specify requirements for UE transmission timing.

4. References
[1] RP-170847
New WID on New Radio Access Technology, NTT DOCOMO, Inc.
[2] TR 38.912 V2.0.0
[3] TR 38.803 V2.0.0
[4] TS 36.133 V14.3.0
5. Annex
UE states and state transitions:
RRC supports the following three states which can be characterised as follows:

-
RRC_IDLE:

-
Cell re-selection mobility;

-
Paging is initiated by CN;

-
Paging area is managed by CN.

-
RRC_INACTIVE:

-
Cell re-selection mobility;

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

-
The UE AS context is stored in at least one gNB and the UE;

-
Paging is initiated by NR RAN;

-
RAN-based notification area is managed by NR RAN;

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

-
RRC_CONNECTED:

-
The UE has an NR RRC connection;

-
The UE has an AS context in NR;

-
NR RAN knows the cell which the UE belongs to;

-
Transfer of unicast data to/from the UE;

-
Network controlled mobility, i.e. handover within NR and to/from E-UTRAN.

Figure 9.6.2-1 illustrates an overview of UE state machine and state transitions in NR.
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Figure 9.6.2-1:
UE state machine and state transitions in NR

Paging operation details for the NR RRC_IDLE and RRC_INACTIVE state are specified in 10.1.1.2.

The following state transitions are supported between the aforementioned RRC states (as also presented in Figure 9.6.2-1):
-
from RRC_IDLE to RRC_CONNECTED, following the "connection setup" procedure (e.g. request, setup, complete);
-
from RRC_CONNECTED to RRC_IDLE, following (at least) the "connection release" procedure;
-
from RRC_CONNECTED to RRC_INACTIVE, following the "connection inactivation" procedure;
-
from RRC_INACTIVE to RRC_CONNECTED, following the "connection activation" procedure;
-
from RRC_INACTIVE to RRC_IDLE.
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