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1 Introduction
In RAN1#85, it was agreed that NR should support flexible network and UE channel bandwidths. It was also agreed that devices with different bandwidth capabilities can efficiently access the same carriers regardless of carrier bandwidth, and finally that multiple numerologies can be multiplexed on a same carrier bandwidth.
In RAN1#86, it was agreed that RAN1 should strive for a common framework, including for example structure of synchronization signals, for initial access.

It is thus desirable to define a framework for initial access for NR that is applicable to UEs of different bandwidth and numerology capabilities. Such framework should be flexible enough to enable support and access of the different numerologies that can be supported on a single carrier.
This contribution discusses such framework for initial access for NR compatible with the above agreements. A companion contribution [3] discusses random access supporting multiple numerologies.
2 A Framework for Initial Access for NR
Different UEs may be characterized by their bandwidth and numerology capabilities. UEs can be further characterized based on differentiated support including service-based requirements (e.g. eMBB, URLLC, mMTC or any combination thereof), applicable random access method (e.g. 2-step or 4-step RA procedure) and battery life requirements. Different UEs may thus benefit from different access methods, each reflecting one or more of the above capabilities and requirements. Such access methods may in turn be characterized by how a UE performs initial access either in terms of restrictions in what the UE may support or in terms of what method a UE may select to meet its service requirements including how to indicate such to the network.

It is desirable that a UE has means to access the system according to its access requirements as soon as possible. The latency implied by the RRC configuration procedure to first determine a UE’s access requirements may lead to unacceptable access latencies. In particular, this is relevant to support seamless mobility for any type of services, or to perform initial access for URLLC services (e.g. from IDLE mode), and finally for proper support of narrowband devices e.g. for mMTC.
2.1 Structure of the NR Carrier
For ease of deployment and also for forward compatibility, an NR carrier should be flexible enough to support multiple use cases and multiple UE types. Such requirement has led to agreements such that a single NR carrier can support multiple numerologies and can provide services to UEs with different access requirements. Therefore, different bandwidths should be defined. First a system bandwidth (BWs) can be defined as the maximum bandwidth on which a carrier may provide a data transfer service. Secondly, each UE may have one or more UE-specific channel bandwidths (BWc) located within BWs. Such channels may possibly be centered at different places. Finally, all UEs should support at a minimum one access bandwidth (BWa). Such access bandwidths can be centered anywhere within BWs. This is shown in the figure 1 below.
Proposal 1:
For a given carrier frequency, the maximum bandwidth of the system consists of physical resources of the System Bandwidth (BWs). BWs does not need to be known to a UE. 

Proposal 2:
For a given carrier frequency, the UE performs initial access using physical resources of an Access Bandwidth (BWa) where BWa is smaller or equal to BWs.
Proposal 3:
For a given carrier frequency, the UE can be configured with one or more set of physical resources that represents a Channel Bandwidth (BWc) where BWc is smaller or equal to BWs. A BWc may or may not overlap with the Access Bandwidth (BWa).


[image: image1.emf]System Bandwidth (BW

s

)

Access Bandwidth (BW

a

)

Channel Bandwidth (BW

c

)

(e.g. mMTC UE)

Channel Bandwidth (BW

c

)

(e.g. eMBB UE)

Channel Bandwidth (BW

c

)

(e.g. URLLC UE)


Fig. 1. Different bandwidth definitions for NR.

2.2 Downlink Synchronization

The above mentioned RAN1 agreements imply that UEs with different access requirements should have means to detect cells of different configurations. As such, synchronization signals used for cell detection (e.g. PSS/SSS and the like) should be designed in a manner that is flexible and/or applicable to multiple combinations of network configurations to support differentiated UE capabilities.
Synchronization Signal Numerology
For synchronization signal numerology, the following agreements were reached at RAN1#86:

	Agreements:
· For subcarrier spacing of each synchronization signal (e.g. NR PSS,SSS) in a NR carrier, the following alternatives should be studied

· Alt 1: Subcarrier spacing is predefined in the specification for a given frequency range

· Ex: 15kHz for sub-6GHz, 60kHz for over-6GHz

· Note that there are more than one frequency ranges
· Alt 2: Subcarrier spacing is selected by NR BS

· FFS: Details on the set of possible numerologies

· Note: Blind detection of multiple numerologies can be considered
· Alt 3: Single subcarrier spacing is predefined in the specification for all frequency ranges
· Other alternatives are not precluded
· NR synchronization signal is based on CP-OFDM
· Note that DFT-spread-OFDM based design is not precluded


The advantage of Alt. 1 and 3 is that a UE knows the numerology of the synchronization signal based on the frequency range within which it is attempting to detect a synchronization signal. However, Alt. 3 has the shortcoming that it isn’t clear that a single numerology can be found that is applicable and robust enough to be reused in all frequency ranges. Another issue with these two alternatives is the lack of flexibility. For example, it may be useful for the network to configure a carrier with multiple numerologies using either FDM or TDM. However, the flexibility of such configuration may be limited, for example in the case where a synchronization signal is intended to be in a specific portion of the spectrum at pre-determined times. One solution may be to fit a synchronization signal of a first numerology into resources using a second numerology. However, such a solution can create interference issues along with unnecessarily complex resource mapping.

Alt. 2 proposes to make the numerology of a synchronization signal configurable. This enables the network to determine the numerology of a synchronization signal based on a current configuration. Furthermore, the numerology of the synchronization signal may be used to implicitly provide information to the UEs about current carrier configuration. On the other hand, the main drawback of this method is that a UE has to blindly test out many numerology hypotheses to determine whether a synchronization signal is present.
It is expected that some numerologies will not be suitable for all frequency ranges and may be only applicable to a subset of frequency ranges. Due to this, a variant of Alt.1 and Alt.2 may be considered. In such a case, each frequency range may be pre-configured with a set of numerologies with which a synchronization signal may be transmitted. A UE may then blindly detect the synchronization signal based on the subset of possible numerologies of a frequency range.
Proposal 4:
A UE should blind detect synchronization signals assuming a subset of subcarrier spacing based on the frequency range of the transmission. 

For synchronization signal bandwidth, the following was agreed at RAN1 #86:

	Agreements:
· At least one transmission bandwidth within a carrier bandwidth can be specified for transmission of  each synchronization signal and at least some essential system information.

· The transmission bandwidth may be specified either differently according to the frequency range or the same across the frequency ranges

· FFS: transmission bandwidths for each synchronization signal and at least some system information are same or not

· FFS: the transmission bandwidth and the corresponding numerology

· FFS: whether the used transmission bandwidth is blindly detected by UE from specified bandwidths according to the frequency bands


In LTE, the location of the synchronization signals within the system BW is fixed to the center 6 RBs. For NR this may not be feasible given that it is not desirable to transmit a synchronization signal of a first numerology in resources of a second numerology. Furthermore, the synchronization signals should be useful for different types of UEs with different BW capabilities. Therefore, a synchronization signal should be transmitted in an acquisition BW (BWa). From a UE’s point of view, a system BW may have multiple candidate BWa values and regions.
Proposal 5:
The UE determines an access bandwidth based on the bandwidth of the detected synchronization signal.
2.3 Master Information Block (MIB) Acquisition

Upon detection of a synchronization signal, a UE performing initial access needs to obtain the system information to receive random access parameters. A UE can detect and decode a channel transmitting MIB. The MIB’s channel bandwidth and numerology may be determined from a parameter of the synchronization signal. For example, the numerology and BW of the channel can be a direct reuse of that used for synchronization signal.  If the capacity requirements of the MIB are higher than that achievable from using BWa, a second BW mapped from BWa may be used.
Proposal 6:
The UE receives MIB using physical resources characterized by the same numerology and bandwidth BWa as the detected synchronization signal.
3 Conclusion

In this contribution we discuss methods to achieve initial access while enable network configuration flexibility along with accommodating UEs with different capabilities and requirements.  We provide the following proposals and observations:
Proposal 1:
For a given carrier frequency, the maximum bandwidth of the system consists of physical resources of the System Bandwidth (BWs). BWs does not need to be known to a UE. 

Proposal 2:
For a given carrier frequency, the UE performs initial access using physical resources of an Access Bandwidth (BWa) where BWa is smaller or equal to BWs.
Proposal 3:
For a given carrier frequency, the UE can be configured with one or more set of physical resources that represents a Channel Bandwidth (BWc) where BWc is smaller or equal to BWs. A BWc may or may not overlap with the Access Bandwidth (BWa).

Proposal 4:
A UE should blind detect synchronization signals assuming a subset of subcarrier spacing based on the frequency range of the transmission. 

Proposal 5:
The UE determines an access bandwidth based on the bandwidth of the detected synchronization signal.
Proposal 6:
The UE receives MIB using physical resources characterized by the same numerology and bandwidth BWa as the detected synchronization signal.
Contribution [3] discusses how to perform RA to support multiple numerologies on a carrier.
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