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1. Introduction
The study item of RAN4 NR RRM has been completed by RAN4#82 and some important topics have been identified. To better assist the work item phase, we summarize the progress of RRM in RAN1/RAN2, and give an analysis on the dependency of RAN4’s later research on RAN1/RAN2.      
2. Flexible numerology
2.1 RAN1 progress
In RAN1, the frame length, subframe length have been fixed to 10 ms, 1 ms, respectively. The slot length is defined as the number of OFDM symbols (7 or 14 for subcarrier spacing (SCS) <=60 kHz with NCP, 14 for SCS > 60 kHz) and hence scales with the subcarrier spacing (SCS). One PRB consists of 12 subcarriers and 1 slot. The supported SCS includes at least from 15 kHz to 480 kHz. In addition, RAN1 also reached an agreement on symbol level alignment within a subframe for different numerologies [1].     
2.2 Impacts on RAN4 RRM
Since NR supports flexible numerology, RAN4 should consider how to make RRM measurement requirements that apply for all numerologies, and how to scale measurements in time or frequency accordingly.
3. Initial access and mobility
3.1 RAN1 progress
· Synchronization signal
a. RAN1 defines two synchronization signals: NR-PSS, NR-SSS, the detailed design of those two signals, i.e., length, sequence, supported cell ID, etc., is ongoing.
b. RAN1 also defines PBCH, whose numerology is assumed to be the same as NR-SS and decoding based on the fixed relationship with NR-PSS and/or NR-SSS resource position. Besides, the payload size of PBCH is from 40 to 100 bits including CRC.
c. Bandwidth of NR-PSS, NR-SSS, and NR-PBCH is dependent on SCS: #W: 15 KHz subcarrier spacing, <= 5 MHz; #X: 30 KHz, <=10 MHz; #Y: 120 KHz, <=40 MHz; #Z: 240 KHz, <=80 MHz.
d. Synchronization raster can be different from channel raster, in particular, it can be sparser than the channel raster when a wider carrier bandwidth and operation in a wider frequency spectrum is supported.
e. Minimum carrier bandwidth: For carrier supporting initial access, for frequency range up to 6 GHz, minimum carrier bandwidth for NR can be either 5 or 10 MHz and is frequency band dependent; For frequency range from 6 GHz to 52.6 GHz, minimum carrier bandwidth for NR can be either 40 or 80 MHz and is frequency band dependent.
f. For multi-beam operation, RAN1 defines concepts of SS block, SS burst, and SS burst set. One SS burst set consists of a finite number of SS bursts, and an SS burst is composed of several SS blocks. One SS block corresponds to one TRP beam. The detailed design, i.e., contents of SS block, maximum number of SS bursts or SS blocks in an SS burst set, etc., is still ongoing in RAN1. 
g. Regarding the SS burst set periodicity: For CONNECTED and IDLE mode UEs, NR supports indication of SS burst set periodicity and information, one SS burst set periodicity information per frequency carrier; If network does not indicate, UE should assume 5 ms as the SS burst set periodicity [2].
· Random access
Currently, many topics on random access are still under discussion, including preamble design, 2 step RACH or 4 step RACH procedures.    
· Mobility      
Regarding RSs for mobility measurement [3]:
a. IDLE mode UE: at least NR-SSS is used; other signals like DMRS for PBCH (if defined) can also be considered.
b. CONNECTED mode UE: CSI-RS can be used in addition to IDLE mode RS.
3.2 Impacts on RAN4 RRM measurement
Following RAN1 SS signal and initial access procedures design, cell identification requirements need to be introduced. Given NR-SS pattern, scalable requirements need to be considered for different numerologies and NR-SS transmit periodicities.
RAN4 needs to know what RSs are used for RRM measurement. Since for mobility measurement, RAN1 has made some preliminary agreements, RAN4 could first continue research on measurement accuracy requirement, latency, etc., based on the agreed RSs. However, to determine the exact RRM measurement requirements may still need to wait for RAN1 to decide on the specific patterns for those RSs. 
In addition, RAN4 may also need to involve in RAN1 design of mobility RSs patterns based on the analysis of RRM measurement performance.     
4. Beam management
4.1 RAN1 progress
RAN1 made several important definitions for beam management:
· Beam management definition:
Beam management = a set of L1/L2 procedures to acquire and maintain a set of TRP(s) and/or UE beams that can be used for DL and UL transmission/reception, which include at least following aspects:
Beam determination= for TRP(s) or UE to select of its own Tx/Rx beam(s). 
Beam measurement = for TRP(s) or UE to measure characteristics of received beamformed signals
Beam reporting = for UE to report information of beamformed signal(s) based on beam measurement
Beam sweeping = operation of covering a spatial area, with beams transmitted and/or received during a time interval in a predetermined way.
· Downlink beam management procedures:
· P-1: is used to enable UE measurement on different TRP Tx beams to support selection of TRP Tx beams/UE Rx beam(s)
· P-2: is used to enable UE measurement on different TRP Tx beams to possibly change inter/intra-TRP Tx beam(s)
· P-3: is used to enable UE measurement on the same TRP Tx beam to change UE Rx beam in the case UE uses beamforming
· Uplink beam management procedures:
· U-1: is used to enable TRP measurement on different UE Tx beams to support selection of UE Tx beams/TRP Rx beam(s) 
· U-2: is used to enable TRP measurement on different TRP Rx beams to possibly change/select inter/intra-TRP Rx beam(s)
· U-3: is used to enable TRP measurement on the same TRP Rx beam to change UE Tx beam in the case UE uses beamforming
· Downlink beam management framework
A UE can be configured with N≥1 CSI reporting settings, M≥1 Resource settings, and 1 CSI measurement setting, where the CSI measurement setting includes L ≥1 links. Each of the L links corresponds to a CSI reporting setting and a Resource setting. The contents of a reporting setting and a resource setting have also been discussed. 
· Beam recovery
RAN1 has definitions for beam failure, however, the RSs used for detecting beam failure and the resources for sending beam recovery request are still under discussion.
4.2 Impacts on RAN4
RAN4 has made some agreements in RAN4#82 meeting about the future directions of beam management [4]:
	· 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 UE and TRP sides are needed needs further study in WI phase.


Besides the above requirements, RAN4 may also need to consider introducing beam recovery related requirements, which can take LTE Radio Link Monitoring requirements (synch-in, synch-out) as a reference.
For beam determination, similar as LTE cell detection, beam detection probability and beam detection delay requirements may need to be introduced.
For beam measurement/reporting, different measurement accuracy methodology may need to be considered depending on reporting quality, similar as CSI or RSRP reporting in LTE.
5. Reference signal design
The patterns of RSs like CSI-RS, DMRS, PT-RS, SRS are still under discussion in RAN1, with only some preliminary agreements. One agreement regarding CSI-RS support for beam management is that for beam management overhead and latency reduction, NR considers IFDMA, larger subcarrier spacing, DFT-based approaches, etc., for beam sweeping within an OFDM symbol.    
From RAN1’s agreements, CSI-RS is at least supported for beam management. However, RAN4 may still need to wait for RAN1’s decision on the specific pattern of CSI-RS to make beam management requirements. 
6. RRC states
[bookmark: _GoBack]In RAN2#94, RAN2 introduced a new RRC state - “RRC_INACTIVE” for NR in addition to the previous two states – “RRC_IDLE” and “RRC_CONNECTED” in LTE. Functions and transitions of those states are still under discussion in RAN2. Since requirements in those states are different, RAN4 needs RAN2 to feedback the specific definitions of those states, based on which, RAN4 introduces specific RRM requirements for new RRC sate. 
7. Conclusions
In this contribution, we summarized RAN1/RAN2 progress on RRM. Then we analyzed the impacts of the progress on RAN4 RRM research. From the above analysis, it can be seen that RAN4 heavily depends on RAN1’s decisions on the RSs for measurement, although some preliminary agreements have been reached, RAN4 still needs RAN1’s feedback on the specific pattern of those RSs. Moreover, RAN4 also needs RAN2 to feedback the definitions of the RRC states. 
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