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1 Introduction
During RAN1#85 meeting, various design aspects of new radio (NR) to ensure future-proof systems with support a broad range of scenarios and frequency bands were discussed. The following agreements need to be taken into account to further develop initial access and mobility procedures in NR [1]: 
Agreements:
· Forward compatibility of NR shall ensure smooth introduction of future services and features with no impact on the access of earlier services and UEs

· Multiplexing different numerologies within a same NR carrier bandwidth (from the network perspective) is supported

· FDM and/or TDM multiplexing can be considered
· Essential system information (MIB) should be decodable based on an identity parameter used for generation of search/synchronization signal (e.g. PSS/SSS)
· Name of identity parameter TBD (e.g. cell ID, hypercell ID, system ID)
· Other dependencies to this identity parameter are FFS
· For a NR carrier (from network perspective) using multiple numerologies, at least the following is for further study
· multiple frequency/time portions using different numerologies share a synchronization signal

· Note: The synchronization signal refers to the signal itself and the time-frequency resource used to transmit the synchronization signal
· RAN1 strives for maximizing commonality between TDD and FDD
· It is preferable that mechanisms to indicate the timing relation are duplex agnostic
· Note: This does not preclude any optimization either for FDD only or TDD only
In this document, we discuss high level design principles for system (or cell) detection and mobility measurement in NR.
2 Design requirement 
According to [2], the new RAT targets meeting a defined QoS up to the user speed of 500km/h. Furthermore, mobility interruption time during which a UE cannot exchange user plane packets with any base station due to transition should be 0 ms for intra-system mobility. In order to achieve these requirements, in physical layer design perspectives, UE should be able to detect available cells quickly without ambiguity and perform mobility measurement simultaneously on many cells with low or moderate UE power consumption. In system-level, fast cell detection and interruption-free handover should not incur high overhead from cell discovery signals and/or signalling of measurement configuration and reports. 
Design of initial access and measurement procedures in the new RAT should consider the following aspects: 

· Dynamic coexistence between new RAT (NR) and LTE/UMTS/GSM/EDGE should be supported for progressive migration to NR. 

· E.g. NR and LTE can operate with overlapping bandwidths in the same block of spectrum. 

· The network may configure multiple numerology sets in a given carrier, and flexible time-frequency resource allocation of different numerologies may be desired. Common synchronization signals shared by multiple numerologies are likely to be transmitted with a pre-configured numerology. Thus, flexibly placing the common synchronization signals in the frequency domain according to frequency allocation of the pre-configured numerology may be beneficial.    
· For URLLC use cases, faster cell acquisition is required. Yet, initial access and mobility procedures should be common for all use cases and deployment scenarios.

· Cell detection in high frequency bands must take into account beamforming operation and/or repetition to obtain a proper coverage.  

· To increase the area traffic capacity (i.e. total traffic throughput served per geographic area, Mbit/sec/m2), dense transmission and reception point (TRP) deployment may be needed. The dense deployment is likely to require the increased number of supportable cell or TRP identities (IDs).

· Transmission of mobility measurement reference signals (MRS) should be configurable depending on network deployment conditions, e.g. TRP antenna configurations and beamforming schemes, operating frequency bands, and a target cell size. However, UE measurement procedures should be transparent as much as possible to how the MRS are transmitted.  
Proposal 1: Cell detection procedures to support flexible usage of radio resources, various deployment scenarios, and diverse use cases should be studied.
3 Synchronization signals (SS) 
Similar to LTE, NR can employ sequence based synchronization signals to indicate cell ID with two-step synchronization signal design (PSS and SSS) to achieve robust coarse timing and frequency acquisition. RAN1 may need to study further the following aspects of synchronization signals for NR, to meet the design requirements described in Section 2.
· Transmission bandwidth of SS and length of SS sequences
· The minimum channel bandwidth of NR may increase from 1.4 MHz to a higher value (e.g. 5MHz) and may be dependent on the operating band. 
· The SS should be able to provide similar relative timing accuracy with respect to symbol duration for all the supported numerologies. In addition, similar detection robustness to UE hardware impairments, e.g. handling initial frequency offset of 10 ppm, needs to be guaranteed for all operating frequency bands. 
· Need to support more number of cell IDs 
· The impact of increasing the number of SS sequences on the detection performance needs to be investigated. Mechanisms to support more number of cell IDs without degrading the detection performance need to be studied.
Proposal 2: RAN1 should study the synchronization signal design for NR including need for larger synchronization signal transmission bandwidth and associated sequence design, and mechanisms to support more number of cell IDs than LTE.
4 Mobility measurement 
In NR, multi-antenna schemes including enhanced massive MIMO with analog/digital/hybrid beamforming are important technology components to meet TRP spectral efficiency requirements [2] and coverage for frequency bands above 6GHz. In LTE, UE’s cell association is determined by measurement on cell-specific reference signal (CRS) antenna port 0, which is likely to be transmitted with a sector-wide beam. 
With massive MIMO beamforming based operation, decision on cell association should be made by taking into account the quality of beamformed channels. Cell selection based on the highest received beam power of each cell may provide an adequate peak data rate for the UE. However, to avoid frequent handover to another cell and to provide more flexibility for multi-user scheduling, UE’s cell association should also consider the number of useful beams or beam directions the UE observes (i.e. beams which are received with power above a certain threshold value). The overall system throughput may be affected by the multi-user spatial diversity order and robustness of system to changes in spatial channel characteristics. Since it may be possible to achieve inter-beam mobility (i.e. change of serving beams) within a TRP without the overhead of handover like signalling, it may be desirable to select a cell based on the number of useful beams in the cell or the aggregated beam received power. This may require further study on potential benefits or drawback of individual beam-level mobility measurement and reports. The system performance gain needs to be evaluated, with considerations on signalling overhead (e.g. sizes of measurement report and measurement configuration, handover related signalling and handover frequency). 
Proposal 3: RAN1 should investigate the potential benefits or drawback of cell association based on individual beam-level mobility measurement and report.

5 Summary

In summary, we propose the following for cell detection and mobility measurement in NR:

· Proposal 1: Cell detection procedures to support flexible usage of radio resources, various deployment scenarios, and diverse use cases should be studied.

· Proposal 2: RAN1 should study the synchronization signal design for NR including need for larger synchronization signal transmission bandwidth and associated sequence design, and mechanisms to support more number of cell IDs than LTE.
· Proposal 3: RAN1 should investigate the potential benefits or drawback of cell association based on individual beam-level mobility measurement and report.
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