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1. Introduction

Work items on new radio access technology was approved in [1]. The objectives of the WID list subitems of RAN4 RRM work. At the beginning of the work, the paper provides a general analysis on the outstanding difference between LTE and NR RRM requirements.
2. Discussion
· RRM Requirements in IDLE and INACTIVE state

In LTE, the core RRM requirements include 2 parts: idle mode related and connected related. In NR, there is an additional state of RRC_INACTIVE which is described in TR 38.804 as below,
	-
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;


So far it is not decided whether the state is an individual state as idle and connected state. The motivation of introduction of the INACTIVE state is to incur minimum signalling, minimise power consumption, minimise resource costs in the RAN/CN and able to start data transfer with low delay. From RAN2/3/SA point of view, INACTIVE state has explicit difference with idle state, for which the UE and at least one gNB shall keep the AS context information. As we know RAN4 RRM focuses on the UE major procedure, e.g., cell reselection, handover, rach and measurement. It is agreed in RAN2 that a UE in the NR INACTIVE state can perform re-selection to another RAT (at least in some cases (GERAN, UTRAN, legacy LTE connected to EPC) the UE enters the IDLE state in that RAT). In other words, UE in inactive state performs cell reselection, paging and measurement procedure as it does in idle state. No conclusion whether UE needs to perform faster cell reselection or measurement. In our understanding, most optimization for INACTVIE sate is CN/RAN connection, so it is possible that no further enhancement for cell detection, cell evaluation and measurement in INACTIVE state. Thus from RAN4 RRM perspective, the requirements in INCTIVE state extremely resembles with the legacy requirements in idle state.
It shall be noted that one possible difference is that the DRX configuration in INACTIVE maybe is different with the DRX configuration in idle mode. The detailed requirements needs to be discussed.
· RRM Requirements in CONNECTED state
RRM requirements of connected state include the handover, mobility control (e.g., re-establishment, RACH, redirection etc.), timing and measurement procedure. 
· For handover

The handover in LTE is dealt with RRC and it is not a lossless procedure. Thus in RRM the requirement regarding handover mainly define the maximum allowed interruption time to protect the system performance. More specifically, the total interruption time consist of cell detection time (Tsearch), uncertainty in acquiring the first available PRACH occasion (TIU) and additional UE processing time. 
The first part Tsearch is needed when UE is commanded to handover to an unknown cell. UE need to obtain the timing information before it could access the target cell. The second part TIU is based on the PRACH configuration. Note that all of these highly depend on the handover procedure and physical layer design (PRACH configuration). 

As for NR, if blind handover is to be supported, UE should be allowed with some time to acquire the timing of target cell. Meanwhile, if communication with source cell is supported during target cell detection (similar with Make-Before-Break handover in LTE), there might not be interruption. Thus related RRM work are highly procedure dependent and expected to start when RAN2 design become more stable.
· For timing

At least two main types of timing related requirements shall be analysed from RRM perspectives. One type of the requirements refers to the UE timing tracking ability. In E-UTRAN, the UE shall be capable to follow the timing change of the serving cell, then the requirements of both UE initial transmit timing error and time adjustment are specified, which should also be considered in NR. Another type of the requirements refers to the gNB/TRP timing synchronization. Since TDD operations are considered to be supported in NR, it is obvious that TDD cells that have overlapping coverage areas and operate on the same carrier shall be synchronous in order to avoid the interference between uplink transmissions and downlink transmissions. Hence, it is necessary to investigate and specified the requirements of inter-cell synchronization error for NR. In NR the numerology, subcarrier spacing, GP in TDD, power ramping down/up parameter are different with LTE. Thus the timing requirements need careful consideration in NR.
· For measurement 

There are some outstanding difference between the NR measurement requirements and the legacy measurement requirements. The first one is the measurement gap for intra-frequency and inter-frequency. The second one is the beam related measurement. If the UL measurement is introduced, the related requirements shall be specified as well.
· Measurement gap

The physical layer specifications of LTE can support a wide range of transmission bandwidths defined as a number of resource blocks, with a minimum transmission bandwidth (6 resource blocks) and a maximum transmission bandwidth (110 resource blocks). In LTE, in order to reduce the complexity of L1/L2 control channel and initial access, supported bandwidth capability of UE is equal to the maximum network channel bandwidth, i.e. 20 MHz.
In NR, the UE’s supported capability may be less than the channel bandwidth of the serving carrier. 
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Agreements:
· At least for Phase 1, study mechanisms to support operation over e.g. around 1GHz contiguous spectrum from both NW and UE perspectives including the maximum single carrier bandwidth of at least 80 MHz
· Carrier Aggregation/Dual Connectivity (Multi-carrier approach) 
· Details are FFS

· FFS: non-contiguous spectrum case
· Single carrier operation 
· Details are FFS 

· Maximum channel bandwidth continues to be studied in RAN1/4

· Maximum bandwidth supported by some UE capabilities/categories may be less than channel bandwidth of serving single carrier
· Note that some UE capabilities/categories may support channel bandwidth of serving single carrier
· Send an LS to ask RAN4 to study the feasibilities of mechanisms above from both NW and UE perspectives

· 


From initial access point of view, majority companies think that UEs with different bandwidth capabilities/categories could get the synchronization information in certain fixed operation region (such as the central frequency of operating region, and out of central frequency is not precluded.). After initial access, UE is transferred to a suitable “target operating region”. The operating bandwidth of UE may be just a part of network channel bandwidth. If UEs always work in the same operating region, when traffic load of some specific operating regions become heavier, the load between different operating regions will be unbalanced. Since the bandwidth capability of UE cannot cover the whole network channel bandwidth, to achieve load balancing among different operating regions, UE can switch among operating regions. This is called “RF bandwidth adaptation”[2]. 
In the following, we try to give a preliminary analysis on the measurement gaps when UE RF bandwidth adaptation is introduced. Figure 1 gives one example: The bandwidth of neighbour cell is 80MHz. For the synchronization signal, since the PSS/SSS/PBCH position is not settled down in RAN1, Figure 1 just gives a profile (centered). At T1, UE is in the first RF bandwidth, at T2, due to the traffic variation, UE adjusts to the second RF bandwidth. At T3, UE is operation with 20MHz bandwidth. 
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Figure 1 RF bandwidth adaptation
In LTE the definition of intra-frequency neighbour (cell) measurements and inter-frequency neighbour (cell) measurements in LTE are defined as follows [TS 36.300]:

-
Intra-frequency neighbour (cell) measurements: Neighbour cell measurements performed by the UE are intra-frequency measurements when the current and target cell operates on the same carrier frequency.

-
Inter-frequency neighbour (cell) measurements: Neighbour cell measurements performed by the UE are inter-frequency measurements when the neighbour cell operates on a different carrier frequency, compared to the current cell.

According to the legacy definition, the above scenario could be regarded as intra-frequency measurement. However the measurement gap is time-varying. In T1 and T2, the measurement gaps are needed when UE performs the neighbour cell identification. While at T3, UE could perform the neighbour cell identification without measurement gap assistant.
· Beam based measurement

Beamforming is a critical technology in NR to overcome the coverage issue in high carrier frequency and can also improve system throughput. The beams involved in measurement include the TRP TX beam and UE TX beam.
· TRP TX beam measurements
TRP would sweep its TX beam through all the directions in coverage from time to time. For the serving cell, beam could be distinguished by CSI-RS time resource index or port index. It is also supported that the CSI-RS resource of neighbour cell is broadcast to UE. So UE will try to identify beams which are detectable. RAN4 needs to specify related RRM requirements on beam identification, e.g., beam identification delay, the measurement period, and the amount of parallel beam measurements supported by UE etc.

· UE RX beam measurements
UE RX beam sweeping is also supported in NR if UE RX beamforming is supported by the UE. The procedure of UE RX beam sweeping is similar with TRP TX beam sweeping. After the beam pair is selected, UE needs to monitor the link quality. Any change in position and UE pose may lead to the change of best RX beam. This change would occur quite frequently in real practise. It is very challenging to specify RRM requirement for this procedure. The RRM requirements of UE RX beam measurement needs more consideration.
3. Conclusions

This contribution provides consideration on the outstanding difference between LTE and NR RRM requirements, mainly focus on the requirements in INCTIVE state and connected mode including handover, mobility control (e.g., re-establishment, RACH, redirection etc.), timing and measurement gap, measurement procedure and beam measurement.
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