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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 design 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 an overview of initial access synchronization signal design requirements related to the frequency allocation of NR synchronization signals.

2 NR SS Frequency Raster
During the RAN1 January NR Adhoc the following agreement was reached regarding the NR SS frequency raster:

Agreements:
· When the sync bandwidth is smaller than the minimum system bandwidth for a given frequency band, RAN1 strives to make the synchronization signal frequency raster sparser compared to channel raster to reduce UE initial cell selection burden without limiting the NR deployment flexibility 

· FFS If UE is required to search for all the possible synchronization signal frequency locations defined by the synchronization signal frequency raster 

· When the sync bandwidth is the same as the minimum system bandwidth for a given frequency band that UE searches, synchronization signal frequency raster is the same as the channel raster

· FFS If UE is required to search for all the possible synchronization signal frequency locations defined by the synchronization signal frequency raster  

The following sections discuss the NR initial access synchronization signal design related to the supported frequency raster for NR synchronization signals.

2.1 Configuration of the synchronization raster
During RAN1#87 the following working assumption was reached:

Working assumptions:
· For a NR cell, the center frequency for the synchronization signal can be different from the center frequency of the NR carrier
· FFS: Relationship between the center frequency of the NR carrier and the center frequency of synchronization signals and investigate tradeoff between UE complexity and flexibility
A fixed location of the NR synchronization signal relative to the center frequency of the NR carrier poses problems when considering forward-compatibility as it implies that other future use cases or features must either utilize the same resource allocation 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. It also makes it challenging for NR to operate on the same carrier as another RAT such as LTE which has a fixed location of the synchronization signals in the bandwidth (e.g. center 6 PRBs). Making it challenging for NR to dynamically coexist by changing the BW depending on the presence or absence of LTE as shown in Figure 1.
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Figure 1. Co-Existence of NR and LTE
Instead NR should support the flexible placement of the initial access signals relative to the location of the center frequency. Also considering forward-compatibility to future use cases, the configurability of the location of the synchronization signals relative to the center frequency should also be supported.
Proposal 1: NR should support network configuration and indication of the relationship between the center frequency of the NR carrier and the center frequency of NR synchronization signals.
2.2 UE-assistance for initial access  
A large number of possible locations for the synchronization signals in frequency may cause unacceptable complexity at the UE which needs to perform blind decoding especially in the case of standalone NR deployments. This could be further exacerbated when the NR SS frequency location is not located in the center of the NR carrier. In this case techniques and solutions that will reduce the complexity and system acquisition time at the UE should be investigated. 

One approach is to have network assistance signaling to indicate the frequency location. For example in the case of non-standalone NR, especially when NR is deployed in mmWave with LTE as the anchor layer providing mobility, the network can configure the time and frequency resources relevant for the UE(s) which are connecting to NR by using LTE signalling since they are already connected to LTE, including the relationship between the center of the NR carrier and the location of the NR SS. This approach has the benefit of significantly reducing UE complexity while allowing large flexibility for the configuration of the NR SS frequency location considering the future forward-compatible introduction of future use cases.
Another approach to avoid a blind sequential search is to consider optimized search techniques at the UE such as prioritized search space for the sync signal. For example, if the UE does not detect the signal in the center (which is the highest priority search space) it looks through other predetermined search spaces each with a decreasing order of priority.
Proposal 2: When the NR SS is not located in the center of the NR carrier, techniques and solutions that will reduce the complexity and system acquisition time at the UE should be investigated based on network assistance signaling or optimized UE search techniques. 

3 Conclusion
This contribution analyzed the requirements for the NR SS frequency raster. The following proposals were made:

Proposal 1: NR should support network configuration and indication of the relationship between the center frequency of the NR carrier and the center frequency of NR synchronization signals.
Proposal 2: When the NR SS is not located in the center of the NR carrier, techniques and solutions that will reduce the complexity and system acquisition time at the UE should be investigated based on network assistance signaling or optimized UE search techniques. 
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