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1 Introduction
The study item on ‘New Radio’ (NR) Access Technology has been initiated by 3GPP to evaluate potential technologies targeted to enable future cellular network deployment scenarios and applications [1]. NR is expected to efficiently support a diverse set of uses cases including eMBB, URLLC, and mMTC as well as functionalities such as Integrated Access and Backhaul (IAB) and spectrum sharing, including coexistence with LTE. The initial access procedure including the design of the synchronization signals (SS) is a critical aspect of the NR physical layer design that should ensure forward compatibility to avoid unnecessarily complex or restricted operation of different features/services when they are introduced.    

This document provides views on the NR initial access design related to the time periodicity of the NR SS.

2 NR SS Periodicity
During the RAN1 January NR adhoc meeting the following parameters were identified as critical to the design of the NR synchronization signals:

Agreements:
· RAN1 aims to select a default SS burst set periodicity for each agreed frequency range category from the following candidate values:

· For carrier frequency range #1 (below 6GHz): [5ms, 10ms, 20ms, 40ms, 80ms, 100ms]

· For carrier frequency range #2 (above 6GHz): [5ms, 10ms, 20ms, 40ms, 80ms, 100ms]

· Note that final set of frequency categories may include more than the above two categories

· Companies are encouraged to investigate the candidate default SS burst set periodicity values considering at least the following factors:

· UE IDLE mode and initial cell search power consumption and latency

· Including single/multi-beam operation at Tx and Rx

· NW power consumption

· Inter-RAT/Inter-frequency measurement 

· Forward compatibility and deployment flexibility including standalone and non-standalone NR deployments

· Benefits and feasibility of SS burst set configuration assistance signaling (e.g. periodicity indication or measurement window) for CONNECTED and/or IDLE UEs

· NW synchronization requirements/assumptions

The following sections discuss the NR initial access synchronization signal design related to the periodicity of the NR SS burst set.

2.1 Cell detection and synchronization
During RAN1#87 the following agreement was reached related to the time-periodicity of NR synchronization signals:

Agreements:
· From UE perspective, SS burst set transmission is periodic

· At least for initial cell selection, UE may assume a default periodicity of SS burst set transmission for a given carrier frequency

· Exact value of default periodicity of SS burst set transmission for a given carrier frequency needs to be studied

· FFS: UE in CONNECTED or IDLE mode may be provided with updated information regarding the SS burst set periodicity of serving cell and/or neighbor cells by the network

· FFS: Validity duration of information

· Note: Updated periodicity may be shorter or longer than default periodicity assumed by UE
· FFS: Note: This does not imply SS-burst set needs to be always on with the updated periodicity

· FFS: SS burst periodicity assumed by UE if information of neighbor cells is not available

· FFS: Consider idle mode operation performance
· Note: Companies can also consider to support functionality related to LTE DRS and LTE IDLE mode
· Companies are encouraged to investigate the tradeoff between network flexibility/power consumption and UE complexity/power consumption

The initial access design should provide the functionality for detection of NR cells (which may be operated as multiple TRPs with a shared ID) and to achieve time/frequency synchronization with that cell. In LTE this is accomplished by periodic transmission of synchronization signals (e.g. PSS/SSS) with a fixed timing. However, a fixed timing poses problems when considering forward-compatibility as it implies that other future use cases or features must either utilize the same timing (which may not be optimal as discussed below) or would require additional transmissions to be multiplexed with the existing transmissions which could reduce the overall resource utilization efficiency of the system or even worse pose backwards compatibility issues with legacy devices which are not expecting transmissions of additional signals. 

Instead if a common framework for the configuration and transmission of initial signals for NR can be designed, it should be possible to support flexible deployment scenarios with diverse requirements. 
For example, the cell detection and synchronization acquisition latency may be relaxed considering only the eMBB use case due to delay-tolerant service characteristics and generally lower mobility. However, for URLLC the initial access latency should be reduced considering the high priority of such traffic and the need for fast connection establishment. 

One option is to have a common default period fixed in the specification for the synchronization signal transmission considering the minimum initial acquisition delay requirement, however this is very inefficient during periods when there is no or minimal low-latency traffic in the system or when there is a mix of devices which support different capabilities. Instead, the default periodicity can instead be optimized for initial acquisition or IDLE UEs taking into account network power consumption as well which is a critical NR design requirement to minimize the transmission of ‘always on’ signals. As a result a significantly larger value for the default periodicity than required for high mobility or CONNECTED UEs should be defined. For example if the LTE 5ms periodicity is taken as a baseline assumption for the case of mobile UEs, the default periodicity for NR should be significantly larger to enable sufficient overhead reduction and energy saving. A value of 80ms is beneficial to achieve those goals and can align with existing LTE measurement gap periodicities to enable efficient inter-RAT mobility.
Proposal 1: The default SS burst set transmission periodicity assumed at least for initial cell selection should be 80ms to enable sufficient overhead reduction and energy saving.
In addition, as mentioned by the FFS point in the RAN1 agreement, allowing a UE-specific or at least cell-specific configurability of at least the transmission period of the signals utilized for initial access is beneficial for NR and supports forward compatible introduction of new services with potentially different requirements. NR should support functionality similar to the LTE DRS, with multiple UE-specific configurable SS burst periodicities defined which can be utilized by at least CONNECTED UEs and possibly IDLE UEs as well depending on the signalling mechanism.
Proposal 2: NR should support UE-specific indication to ‘CONNECTED’ mode UEs of the time periodicity for SS burst set transmissions for a given NR carrier.
2.2 Initial access signal configuration for non-standalone NR
In case of non-standalone (NSA) NR deployments the UE will perform initial access on LTE first followed by NR (e.g. assuming LTE-NR dual connectivity architecture) and in that case utilizing the LTE link to provide assistance to the UE performing initial access on the NR carrier could be very beneficial.

Especially when NR is deployed in mmWave with LTE as the anchor layer providing mobility and much of the control signalling a significant reduction in complexity at the UE and overhead in the network can be achieved by only configuring time/frequency/beam(space) resources relevant for the UE(s) which are connecting to NR using LTE signalling. For example, the time periodicity of the NR synchronization signals could be indicated to a UE when it obtains a connection to the network via LTE, which it can then apply to the NR carrier(s) when performing initial access.
Of course it is expected that a common framework for standalone and non-standalone access should be designed to ensure forward-compatible deployments which may initially transition from NSA to SA as well as support other use cases which may be introduced in future phases of the NR standards.

Proposal 3: RAN1 should consider mechanisms for reducing UE complexity and network overhead in non-standalone NR deployments by providing assistance signalling of parameters related to the configuration of the SS periodicity.

3 Conclusion
This contribution analyzed the time periodicity of NR synchronization signals. The following proposals were made:

Proposal 1: The default SS burst set transmission periodicity assumed at least for initial cell selection should be 80ms to enable sufficient overhead reduction and energy saving.
Proposal 2: NR should support UE-specific indication to ‘CONNECTED’ mode UEs of the time periodicity for SS burst set transmissions for a given NR carrier.
Proposal 3: RAN1 should consider mechanisms for reducing UE complexity and network overhead in non-standalone NR deployments by providing assistance signalling of parameters related to the configuration of the SS periodicity.
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