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1. Introduction
To proceed RRM work in RAN4, a work plan was approved in RAN4#82bis [1]. Besides, a way forward on the initial topics for RAN4#83 was agreed in [2]. Since RAN4 RRM work highly depends on other working groups’ conclusions, both of the contributions suggested to give an analysis of the latest agreements in other working groups and discuss the impacts on RAN4 RRM requirements. 
In this contribution, we update the previous summary [3] with RAN1 and RAN2 agreements made in April, and share our views on the impacts on RAN4 RRM work.                  
2. Numerology and frame structure
2.1 RAN1 progress
The frame length and subframe length have been fixed to 10 ms, and 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 [4].     
2.2 Impacts on RAN4 RRM requirements
The major part of discussions on numerologies and frame structure has been finished in RAN1. Since NR supports multiple numerologies, RAN4 should study how to define RRM requirements for those numerologies. In particular, it is possible to define requirements for each specific numerology, or as an alternative, to define requirements based on a reference numerology, and provide methods to scale the requirements. 
Proposal 1: RAN4 should take flexible numerology into account when defining RRM requirements.   
3. Initial access and mobility
3.1 RAN1 progress
· Synchronization signal design 
a. NR-SS: Design details of NR-PSS, NR-SSS, e.g., sequence type, sequence length, antenna port, etc., were agreed during RAN1#88bis. The subcarrier spacing for SS is 15kHz/30kHz for below 6 GHz, and 120kHz/240kHz for above 6 GHz, and RAN1 assumes RAN4 will decide it depending on frequency ranges.    
b. PBCH: The numerology is assumed to be the same as NR-SS and decoding is 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. DMRS is supported for PBCH.  
c. SS burst set: RAN1 defines 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 Tx beam. Regarding SS block composition, the working assumption is that NR-PSS, NR-SSS, and NR-PBCH are presented in each SS block. In addition, the maximum number of SS blocks in an SS burst set is frequency range dependent, and preliminary agreements were reached in [6].  
d. SS burst set periodicity: Same set of configuration values for SS periodicity for CONNECTED/IDLE & non-standalone cases, values for configuration set are {5, 10, 20, 40, 80, 160} ms. RAN1 prepared an LS to RAN4 in R1-1706576 to ask confirmation for those values. 

· Random access
a. PRACH sequence: Zadoff-Chu sequence is adopted in NR, and RAN1 will support two NR-PRACH sequence lengths: L=839 with SCS = {1.25, 2.5, 5} KHz; select L = 63/71 with SCS = {15, 30, 60, 120, 240} KHz or L = 127/139 with SCS = {7.5, 15, 30, 60, 120} KHz. The supported SCS is FFS.
b. Preamble format: Still under discussion, at least option 1 (CP is inserted at the beginning of the consecutive multiple/repeated RACH OFDM symbols, CP/GT between RACH symbols is omitted and GT is reserved at the end of the consecutive multiple/repeated RACH symbols) is supported. 
c. Procedures: Detailed design is still ongoing, however, some preliminary results regarding resource association, Tx/Rx beam selection were obtained.      
· Mobility      
a. RSs for mobility measurement: For IDLE mode UEs, at least NR-SSS is used, other signals like DMRS for PBCH can also be considered; For CONNECTED mode UEs, CSI-RS can be used in addition to IDLE mode RS.
b. CSI-RS design and measurement for mobility measurement is still under discussion in RAN1. However,  some preliminary agreements were reached on the design and configuration targets [7][8]. 
c. Derivation of cell quality from beam measurements: This topic is under discussion in RAN2. Some preliminary agreements include: Cell quality can be derived from N best beams, where value of N can be configured to be 1 or more than 1. Averaging is used to derive the cell quality from multiple beams. A measurement model consists of L1 filter, beam consolidation/selection, L3 filter, and event evaluation, where the RRC configured beam consolidation/selection shall be performed after the L1 filter. Although NR-SS and CSI-RS can be used to derive cell quality, NR UE shall not consolidate NR-SS beam measurements and CSI-RS beam measurements together to derive a cell level measurement. NR UE shall compare cell level measurements of different cells using the same type of RS(s). In other words, NR does not support comparison between NR-SS based measurement of a cell and CSI-RS based measurement of another cell. 
3.2 Impacts on RAN4 RRM measurement
Based on RAN1 and RAN2’s agreements, the following topics can be further discussed: 
· Since RAN1 has already fixed the sequence for NR-SSS, RAN4 could start drafting link level simulations for measurement accuracy. In addition, RAN4 should evaluate whether NR-SSS solely is enough to meet the measurement accuracy and latency requirements, or should DMRS for PBCH be used for mobility measurement as well.  
· RAN4 need to evaluate whether the SS burst set periodicities proposed in RAN1 would meet the measurement latency requirement via system level simulations.
· RAN4 should also decide the SNR side conditions via system level simulations. 
· Since both NR-SSS and CSI-RS can be used for mobility measurement, and RAN2 has the agreements not to compare the cell quality derived from different types of RSs, RAN4 should define separate requirements for the two reference signals. 
Proposal 2: RAN4 could start drafting link level simulations for evaluating NR-SSS-based measurement accuracy, and system level simulations for evaluating SS burst set periodicities and SNR side conditions. 
Proposal 3: RAN4 need to define separate requirements for NR-SSS and CSI-RS. 
4. Beam management
4.1 RAN1 progress
RAN1 made some definitions for beam management:
· 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. Some preliminary agreements were made about the contents of the reporting setting and resource setting [8]. 
· Beam recovery
UE beam failure recovery mechanism includes beam failure detection, new candidate beam identification, beam failure recovery request transmission, and UE monitors gNB response for beam failure recovery request. For beam failure detection, the RS includes at least periodic CSI-RS for beam management, however, the trigger condition for declaring beam failure is FFS. For new candidate beam identification, the RS could be periodic CSI-RS for beam management if it is configured by NW, or periodic CSI-RS and SS blocks within the serving cell if SS block is also used in beam management. For beam failure recovery request transmission, several options are provided for the information carried by the request and the channel used to transmit the request, with final decision waiting to be made. As for the fourth aspect, UE monitors a control channel search space to receive gNB response for beam failure recovery request. UE’s further reaction if gNB does not receive beam failure recovery request transmission is FFS. 
4.2 Impacts on RAN4 
Most of beam management related requirements are listed in [9], however, RAN4 still need to wait for the detailed design of RSs to evaluate those requirements. In addition, 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.  
Observation 1: RAN4 needs detailed design of RSs for beam management to evaluate the requirements in [9]. 
5. Reference signal design
5. 1 RAN1 progress
· CSI-RS
A RE pattern composed of M adjacent RE(s) in the frequency domain and N adjacent RE(s) in the time domain. For different antenna ports, the RE patterns are different, for antenna port 2, (M, N)=(2, 1), with (1, 2) FFS. For antenna port 4, (M, N)=(4, 1), (2, 2). For antenna port 1 and >=8, the RE patterns are FFS. CDM-2, CDM-4, CDM-8 are at least supported, with detailed CDM pattern design FFS. At least CSI-RS for CSI acquisition, NR supports CSI-RS density d RE/RB/port for x-port CSI-RS, with d at least =1,1/2. For CSI-RS to support beam management, NR supports sub-time units equal to and smaller than an OFDM symbol in a reference numerology. The techniques enabling sub-time units may include IFDMA, larger subcarrier spacing, and DFT-based. 
· DMRS
At least for CP-OFDM, NR supports a common DMRS structure for DL and UL. The design for front-loaded DMRS and additional DMRS are treated separately. Front-loaded DMRS is mapped over 1 or 2 adjacent OFDM symbols, and the location of front-loaded DL DMRS is fixed regardless of the first symbol location of PDSCH, ZC-sequence is supported for UL DFT-S-OFDM DMRS. Additional DMRS can be configured for the later part of the slot, the location and structure evaluations of additional DMRS are FFS. Detailed DMRS configuration(s) for CP-OFDM (DL&UL) and DMRS configuration(s) for DFT-s-OFDM (UL) for a given number of antenna ports are FFS. 
· PTRS
For CP-OFDM, the same PTRS to RE mapping and PTRS densities in time and frequency are available for DL and UL. Distributed PTRS (non-consecutive subcarriers) in the frequency domain is used as default configuration. For single-user case, support orthogonal multiplexing among PTRS ports, if multiple PTRS antenna ports are supported. Support orthogonal multiplexing between PTRS and data transmitted or received by a single UE. For MU-MIMO, non-orthogonal multiplexing of e.g. PTRS/PTRS and PTRS/data is possible but also orthogonal multiplexing to be considered. 
· SRS
NR considers SRS transmissions with sequences achieving low-PAPR and possible multiplexing of SRS with different SRS bandwidths in the same symbol, the details are FFS. NR supports aperiodic SRS triggering field in DCI, and scheduling SRS resources to multiple UEs where the resources have full and/or partial overlap of SRS time-frequency resources (REs). For Tx beamformer determination, NR supports two alternatives: UE applies gNB-transparent Tx beamformer to SRS (e.g., UE determines Tx beam for each SRS port/resource) or based on gNB indication (e.g., via SRI).
5.2 Impacts on RAN4 
Since CSI-RS would be used for CSI acquisition, beam management, and mobility measurement, and each of these targets may impose different requirements on the design, RAN4 needs to define and evaluate those different requirements. This is similar for DMRS, PTRS, and SRS, for instance, except for demodulation, DMRS may also be used for time/frequency tracking, then the requirements (measurement accuracy, latency, etc.) on DMRS would be different, and the corresponding configuration would be different. 
Despite these, RAN4 still needs detailed design of those RSs from RAN1 to determine certain requirements are acceptable or not.  
Observation 2: RAN4 needs to define different requirements for the design of CSI-RS, DMRS, PTRS, and SRS based on different targets for those RSs.     
6. RRC states
6.1 RAN2 progress
Three states were defined for NR in RAN2: RRC_IDLE, RRC_INACTIVE, and RRC_CONNECTED. The definitions for those states and state transition diagrams were summarized in [10]. During the work item phase, RAN2 would continue to study how to model RRC_INACTIVE in the specification, and the procedures for a UE to transit from RRC_INACTIVE to RRC_IDLE or from RRC_CONNECTED to RRC_INACTIVE.    
6.2 Impacts on RAN4
RAN4 needs to study whether separate requirements for RRC_INACTIVE should be defined, or just use the requirements of RRC_IDLE or RRC_CONNECTED as a reference, for instance, should RRC configured handover also be supported for RRC_INACTIVE as RRC_CONNECTED? 
Proposal 4: RAN4 should study whether separate requirements be defined for RRC_INACTIVE state.       
7. Conclusions
In this contribution, we summarized RAN1/RAN2 latest progress on RRM. Then we analyzed the impacts of the progress on RAN4 RRM research. The following observations and proposals were obtained: 
Observation 1: RAN4 needs detailed design of RSs for beam management to evaluate the requirements in [9]. 
Observation 2: RAN4 needs to define different requirements for the design of CSI-RS, DMRS, PTRS, and SRS based on different targets for those RSs.     
Proposal 1: RAN4 should take flexible numerology into account when defining RRM requirements.   
Proposal 2: RAN4 could start drafting link level simulations for evaluating NR-SSS-based measurement accuracy, and system level simulations for evaluating SS burst set periodicities and SNR side conditions. 
Proposal 3: RAN4 need to define separate requirements for NR-SSS and CSI-RS. 
Proposal 4: RAN4 should study whether separate requirements be defined for RRC_INACTIVE state.       
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