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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.

In RAN1#86bis, the following agreements, with respect to random access, were reached:

Agreements:
· When Tx/Rx reciprocity is available at gNB at least for multiple beams operation, the following RACH procedure is considered for at least UE in idle mode

· Association between one or multiple occasions for DL broadcast channel/signal and  a subset of RACH occasions is informed to UE by broadcast system information or known to UE

· FFS: Signaling of “non-association”

· Detailed design for RACH preamble should be further studied

· Based on the DL measurement and the corresponding association, UE selects the subset of RACH occasions

· FFS: Tx beam selection for RACH preamble transmission

· At gNB, the DL Tx beam for the UE can be obtained based on the detected RACH preamble and would be also applied to Message 2

· UL grant in message 2 may indicate the transmission timing of message 3

· For the cases with and without Tx/Rx reciprocity, the common random access procedure should be strived

· When Tx/Rx reciprocity is not available, the the following could be further considered for at least UE in idle mode

· Whether or how to report DL Tx beam to gNB, e.g.,

· RACH preamble/resource

· Msg. 3

· Whether or how to indicate UL Tx beam to the UE, e.g., 

· RAR

Agreements:
· NR supports multiple RACH preamble formats, including at least

· RACH preamble format with longer preamble length 

· RACH preamble format with shorter preamble length

· FFS how many signatures (e.g. number of RACH sequences, payload size, etc.)

· Multiple/repeated RACH preambles in a RACH resource is supported

· FFS: How to support single-beam and/or multi-beam operation

· FFS: Preamble could be the same or different

· Numerology for RACH preamble can be different depending on frequency ranges

· FFS: How many numerologies will be supported per frequency range

· Numerology for RACH preamble can be different or the same from that for the other UL data/control channels


It is 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.

Contribution [4] describes a framework for initial access in terms of detecting synchronization signals and acquiring MIB. This contribution discusses the acquisition of RA parameters as well as random access aspects in support of multiple numerologies.

2 Random Access and Support for Multiple Numerologies
Different UEs may be characterized by their supported set of 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), supported random access method(s) (e.g. 2-step or 4-step RA procedure) and battery life requirements. 

It would be desirable for a UE to have 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.

Different UEs may thus benefit from having ability to select one of different means to access the network (hereafter access method), each reflecting one or more of the above capabilities and requirements. Such access methods may themselves be characterized by a specific procedure (e.g. 2-step or 4-step RA procedure), a specific numerology (e.g. inter-carrier spacing, slot/mini-slot duration) and/or a specific channel bandwidth. The UE would then determine how to perform the initial access either in terms of restrictions in what the UE may support or in terms of what method the UE may select to meet its service requirements. The selected access method may itself indicate such requirements.

For example, in this case a UE could select an access method as a function of its service requirements (e.g. URLLC, eMBB, mMTC) and/or as a function of an ongoing procedure such as a network-controlled mobility (e.g. with random access parameters signaled by the source gNB) to indicate as early as possible its access requirements in terms of bandwidth and numerology using the random access procedure.

UE Indication of Access Requirements
Contribution [4] discusses the framework for synchronization signal detection and MIB acquisition. Some flexibility is required in order to remove restrictions on the network side while accommodating UEs with different access requirements. However, until the UE performs an UL transmission, the network is unaware of any specific access requirements. Furthermore, the sooner the network knows of such access requirements, the quicker it can properly leverage them to limit the latency associated with the UE’s access.

Therefore, it is proposed that as a design requirement, a UE should indicate its access requirements as early as possible during the initial access procedure.

Proposal 1:
The UE can select and/or indicate its access requirement(s) (e.g. numerology, bandwidth) as early as possible during the initial access procedure. 

A UE can indicate its access requirements before RRC configuration by one of two possible options:

Alt. 1 – 
The UE selects RA parameters (e.g. set of RACH resources/occasions, preamble) with an implicit association to a specific access method corresponding to UE capabilities and requirements;

Alt. 2 – 
Transmitting msg 3 based on selecting one of multiple possible RAR and/or grants.
Random Access Parameters
For both alternatives, the UE first acquires the applicable RA parameters.

For the transmission of RA parameters, the following was agreed at RAN1 #86:

	Agreements:
· In order for the transmission of the information required for the initial access (e.g. configuration of random access resource), at least following options are to be studied: 

· Note: the above information can consist of multiple parts, and different option below can be applied for the transmission of each part

· Opt 1: the transmission is scheduled by dynamic signaling (e.g. control channel)

· Opt 2: the transmission is scheduled by semi-static signaling (e.g. via the previous part)

· Opt 3: the transmission is done alone without associated signaling (e.g. predefined in spec)

· In the above study, at least following aspects should be considered:

· Resource flexibility (e.g. in terms of ensuring forward compatibility, dynamic TDD operation)

· Resource overhead

· UE complexity (e.g. involved with decoding of the information)


Option 2 above would require an additional step to enable the UE to receive semi-static configuration. This would go against the design principle of reducing initial access latency.

It can be expected that system information would include all random access parameters. In such a case, it may be broadcast as in Opt. 3 above. Such a solution could be flexible, for example its location could be determined as a function of synchronization parameters. On the other hand, the resource overhead may be quite large, especially if multiple RA parameter sets are to be included for Alt. 1. For Alt. 2, the overhead may be feasible.

In option 1, the system information could point to multiple different control channel regions in order to enable different UEs to receive different SIBs each indicating unique RA parameters enabling Alt. 1. This enables some resource flexibility for SIB transmission resource. Furthermore, the resource overhead of the system information would be reduced compared to Opt. 3. On the other hand, UE complexity may be increased if a UE needs to monitor multiple control channel region search spaces. For Alt. 2, the system information can point to a single control channel region per UE.

The control channel region of Opt. 1 can be considered a default region as discussed in [5]. Furthermore, the control channel region configuration may implicitly indicate to the UE a UE-specific channel BW (BWc) that may be different from BWa and may not occupy the entire system BW.
In summary, for Alt.1, Opt. 1 is preferable; whereas for Alt. 2 either Opt. 1 or 3 are fine.

Given that Alt. 2 requires all UEs to at least be able to begin RA using a common numerology and possibly common bandwidth, UE complexity can be reduced using Alt.1 over Alt.2. Furthermore, it is advantageous that the preamble transmission use the same numerology as adjacent control and data channels. This can avoid the need to support multiple IFFT sizes in the transmitter and FFT sizes in the receiver. Therefore enabling multiple RA parameters (e.g. subcarrier spacing), each possibly tied to a different access bandwidth, is preferable. This is possible using Alt. 1. Lastly, RAN1 and RAN2 are currently discussing a 2-step RACH method. In such a case, the UE may transmit data in a first message transmission [6]. It would be logical if the UE could transmit its data using its preferred numerology immediately, i.e. within a first message transmission. Alt. 1 can enable such operation.
Consequently:

Proposal 2:
The UE can select RA parameters to indicate its access requirements (e.g. type of RACH procedure, numerology, bandwidth). 

3 Conclusion

This contribution discusses different options to perform initial access while preserving flexibility for the network in supporting different configurations, with the objective of enabling means to accommodate UEs with different capabilities and service requirements.

RAN1 should discuss the above and agree to the following:

Proposal 1:
The UE can select and/or indicate its access requirement(s) (e.g. numerology, bandwidth) as early as possible during the initial access procedure.

Proposal 2:
The UE can select RA parameters to indicate its access requirements (e.g. type of RACH procedure, numerology, bandwidth). 
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