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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 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 procedure design requirements for NR.

2 Initial Access Requirements
During RAN1#86bis the following agreements were reached regarding initial access for NR:

Agreements:
· NR defines at least two types of synchronization signals

· NR-PSS at least for initial symbol boundary synchronization to the NR cell

· FFS other functionality provided by NR-PSS, e.g., part of NR cell ID, serving as DMRS for NR-SSS, detection of subcarrier spacing

· NR-SSS for detection of NR cell ID or at least part of NR cell ID

· Number of NR cell IDs is targeted to be at least 504

· FFS: larger than that in LTE

· FFS number of NR cell IDs

· NR-SSS detection is based on the fixed time/freq. relationship with NR-PSS resource position irrespective of duplex mode and beam operation type at least within a given frequency range and CP overhead
· FFS FDM or TDM

· FFS other functionality provided by NR-SSS, e.g., demodulation of broadcast channel, RRM measurement, deriving subframe index, deriving symbol index

· NR defines at least one broadcast channel: NR-PBCH

· NR-PBCH decoding is based on the fixed relationship with NR-PSS and/or NR-SSS resource position irrespective of duplex mode and beam operation type at least within a given frequency range and CP overhead
· FFS: Unlicensed spectrum case
· FFS relationship between NR-PBCH subcarrier spacing and NR-PSS and/or SSS subcarrier spacing

· Following broadcasting schemes to carry essential system information can be considered

· Option 1: NR-PBCH carries a part of essential system information for initial access including information necessary for UE to receive channel carrying remaining essential system information

· Option 2: NR-PBCH carries minimum information necessary for UE to perform initial UL transmission (not limited to NR-PRACH) in addition to information in Option 1

· Option 3: NR-PBCH carries all essential system information for initial access
· Other options are not precluded
Agreements:
· PSS, SSS and/or PBCH can be transmitted within a ‘SS block’

· FFS: details how to compose PSS, SSS and/or PBCH

· Multiplexing other signals are not precluded within a ‘SS block’

· One or multiple ‘SS block(s)’ compose an ‘SS burst’

· FFS: Number of ‘SS block(s)’ (defined as duration of ‘SS burst’)

· FFS: whether or not ‘SS block(s)’ are consecutive
· FFS: whether or not ‘SS block(s)’ within a ‘SS burst’ are the same
· One or multiple ‘SS burst(s)’ compose a ‘SS burst set’

· FFS: Periodicity and the number of ‘SS burst’ within a SS burst set

· Number of SS bursts within a SS burst set is finite.
· FFS: Transmission instances of ‘SS burst set’ 
· E.g., periodic/aperiodic transmission of SS burst sets.
Agreements:
· From RAN1 specification perspective, NR air interface defines at least one periodicity of SS burst set

· FFS: whether or not to define common periodicity range for SS burst set across NR carriers

· Values of the periodicities of SS burst set is for further study

· E.g., 5ms, 40ms, 100ms
· The lowest value of the periodicity of SS burst set is X ms, e.g., 5ms, 40ms, 80ms 
· Note: Interval of SS burst can be the same as interval of SS burst set in some cases, e.g., single beam operation
· Note: the main bullet can be applied to PSS, SSS and/or PBCH
· FFS: networks is allowed to transmit SS burst set at least at the defined periodicities

· FFS: UE is allowed or informed to adapt acquisition procedure based on periodicities of SS burst set
· FFS: For example, if multiple periodicities of SS burst set are defined for initial blind acquisition, UE assumes X ms of an NR carrier as periodicity of SS burst set for dwell time on a freq

In this section we discuss further implications on the NR initial access design, considering forward compatibility requirements for IAB.

2.1 Cell detection and synchronization
As noted in the RAN1 agreements cited in the previous section, 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). For supporting a single use case (e.g. eMBB), the transmission of the required signals can be optimized and to a single (fixed) periodic timing which simplifies the detection procedure at the UE and allows implicit timing acquisition as well. 
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 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, 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. In addition, it may be desirable to also allow configurability of the location of the time/frequency resources used for the signals related to initial access procedures. This could be to support the multiplexing of different numerologies in frequency in relation to different network ‘slices’ or to allow dynamic coexistence of NR with another RAT such as LTE on the same carrier [3]. Thus the overall resource allocation for initial access related signals should be configurable on a UE-specific basis. 
Proposal 1: The time periodicity and frequency allocation for signals related to initial access, including for cell/TRP discovery and synchronization, should be configurable.

Besides supporting synchronization and cell discovery for links between gNBs and UEs, NR should support also support link establishment and maintenance between gNBs. A key use case for this functionality is the support of integrated access and backhaul (IAB) as shown in Figure 1 [2]. The relay nodes (rTRPs) can multiplex the access and backhaul links time, frequency, or space (e.g. beam-based operation) which includes the transmission of signals/channels utilized as part of initial access.
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Figure 1: Integrated access and backhaul links 

In RAN1#86 it was concluded to study mechanisms for a common discovery and management framework for both access and backhaul links:
Conclusions:
· Mechanisms for joint operation of backhaul link and access link should be studied by NR, including

· Study dynamic resource allocation among backhaul and access links, including TDM and FDM and SDM approaches under half-duplex constraint 

· Study multi-hop backhauling and multi-site connectivity in backhauling 

· Mechanism for integration of new TRPs/RNs carrying integrated backhaul and access functionalities

· Mechanisms for discovery and management of backhaul links for the connected TRP/relay nodes (if supported) with integrated backhaul and access links
· Other aspects/functionalities such as forward compatibility to study full duplex operation on backhaul and/or access links are FFS
· RAN1 should strive for a common mobility handling and beam management framework for mobile TRP/relay nodes (if supported) carrying joint operation of backhaul and access functionalities and the usual UEs
Note: No assumption on particular RAN architecture
Especially in the case of in-band operation of backhaul and access links there are a few challenges to designing a common initial access framework. Due the half-duplexing constraint rTRP nodes can only do the following:
1. Receive on the access link (UE to rTRP) and/or backhaul link (rTRP to rTRP) at any given time
2. Transmit on the access link and/or backhaul link at any given time
As a result, while the same physical signals may be used for both UE and rTRP discovery (including using the same cell ID), differentiation and independent configuration of the resources and/or transmission period(s) of the signals used for initial access for UEs and rTRPs may be required. Furthermore, unlike LTE-based relays, multi-hop backhauling and multi-site connectivity should be supported. In this case a node which is connected to wired backhaul can be considered as a donor node and transport of data for a target UE may traverse multiple hops of backhaul links. An example tree topology with three different hop orders is shown in Figure 2.
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Figure 2: Multi-hop IAB topology
In this case, not only is differentiation between resources used for transmission of access and backhaul link initial access signals needed, but also between different hop orders of rTRPs due to the half-duplex constraint. Figures 3 and 4 provide an example of such multiplexing of initial access signal transmissions between access and two backhaul link hop orders. The access synchronization signal transmissions can overlap in time across hop orders since they are intended for UEs and therefore not subject to the half-duplex constrain requirement. However, orthogonal time periods are required for the transmission of the synchronization signal transmissions intended for backhaul link discovery and maintenance with a possibly different periodicity of transmission.
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Figure 3: TDM multiplexing of initial access signals between access and backhaul links (same periodicity)
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Figure 4: TDM multiplexing of initial access signals between access and backhaul links (different periodicity)

The exact mechanism for multiplexing of the initial access signals can be further studied as it depends on the overall NR design, however it is expected that NR will support very fine granularity of the configuration of the signals at least a subframe and possibly a symbol-level. Since the total number of resources and the respective transmission periods for initial access signals in the system depends on the specific deployment scenario, it is beneficial that a UE should only need to be aware of the signals required for its own cell discovery and synchronization procedures and the configuration/transmission of additional resources for other purposes (e.g. for IAB) and not intended for the UE is transparent from its perspective. This ensures forward compatibility as well as simplifies the procedure at a given UE in a system which may support multiple different use cases and functionalities such as IAB simultaneously.  
Proposal 2: A given UE should only need to be configured and aware of the signals required for its own cell discovery and synchronization procedures.
2.2 Multiple numerology support
The numerology used as part of the initial access procedure is one of the critical decisions for NR since it will impact not only the coverage and mobility performance, but will also be mandatory feature for UEs to implement in order to access a NR cell on a given frequency range. During RAN1#86bis the following agreement was reached regarding the subcarrier spacing(s) to be supported by NR:

Agreements:
· At least one subcarrier spacing for each synchronization signal (e.g. NR PSS,SSS, PBCH) is predefined in the specification for a given frequency range
· FFS: Subcarrier spacings for NR PSS, SSS and PBCH can be same or different.
· Note that there are more than one frequency ranges
· FFS: for the case when the frequency ranges are overlapped.

· FFS: whether or not to define a single numerology or multiple numerology for frequency range

· RAN1 should study the number of subcarrier spacings in a given frequency range and strive for minimizing the number of subcarrier spacings

If multiple numerologies are supported on a given NR frequency range, one option is to support independent synchronization signals for each supported numerology. However this might result in a large overhead and duplication of functionality at the UE in the case a UE is capable of supporting multiple numerologies. An alternative approach is to define a single default numerology for initial access on a given frequency range that is supported by all UEs on the carrier while multiple numerologies may be supported for control/data transmissions. When considering the trade-offs of the alternatives, RAN1 should consider how to multiplex synchronization signals within a frame structure which may be dynamically adapting the time and frequency resources used by multiple numerologies from a system perspective and how to support UEs which may not support dynamic switching between multiple numerologies or only support a single numerology for a given frequency range.
Proposal 3: RAN1 should consider how to multiplex synchronization signals within a frame structure which may be dynamically adapting the time and frequency resources used by multiple numerologies from a system perspective and how to support UEs which may not support dynamic switching between multiple numerologies or only support a single numerology for a given frequency range.

3 Conclusion
This contribution analyzed the requirements for initial access procedures for NR. The following proposals were made:

Proposal 1: The time periodicity and frequency allocation for signals related to initial access, including for cell/TRP discovery and synchronization, should be configurable.

Proposal 2: A given UE should only need to be configured and aware of the signals required for its own cell discovery and synchronization procedures.

Proposal 3: RAN1 should consider how to multiplex synchronization signals within a frame structure which may be dynamically adapting the time and frequency resources used by multiple numerologies from a system perspective and how to support UEs which may not support dynamic switching between multiple numerologies or only support a single numerology for a given frequency range.
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