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Introduction
A new study item on new Radio Access Technology (RAT) [1] was approved in RAN#71. In RAN1#85, the following was agreed [2]:

Agreements:
· RAN1 studies both multi-beam based approaches and single-beam based approaches for these channels/signals/measurement/feedback
· Initial-access signals (synchronization signals and random access channels)
· System-information delivery 
· RRM measurement/feedback
· L1 control channel
· Others are FFS
· Note: The physical layer procedure design for NR can be unified as much as possible whether multi-beam or single-beam based approaches are employed at TRP at least for synchronization signal detection in stand-alone initial access procedure
· Note: single beam approach can be a special case of multi beam approach
· Note: Individual optimization of single beam approach and multiple beam approach is possible
· Multi-beam based approaches
· In Multi-beam based approaches, multiple beams are used for covering a DL coverage area and/or UL coverage distance of a TRP/a UE
· One example of multi-beam based approaches is beam sweeping:
· When beam sweeping is applied for a signal (or a channel), the signal (the channel) is transmitted/received on multiple beams, which are on multiple time instances in finite time duration
· Single/multiple beam can be transmitted/received in a single time instance
· Others are FFS

This contribution discusses system efficient time domain mapping of initial access signals for supporting multi-beam based system. Initial access signals may include the followings:
· Sync signals
· System delivery channel(s) before RACH
· Random access channel

Time domain mapping of initial access signals
In RAN1#85, it was agreed that RAN1 studies multi-beam based approach for initial access signals. The multi-beam approach utilizes multiple narrower beams each of which covers a part of the coverage area. As a single narrow-beam is not able to cover the whole service area, beam sweeping needs to be supported for initial access signals transmission. This operation will be especially useful for coverage limited cases such as 30GHz case. 
As it takes longer time to acquire initial access signals from multi-beam swept symbols compared to the single-beam based system, overhead-efficient mapping design is required. In this sense, initial access signals mapping in consecutive OFDM symbols needs to be supported, as it enables fast connection establishment (i.e., fast nrSS/SI acquisition and fast RA process) for non-connected UEs who is in IDLE DRX or cell-selection status. For non-connected UEs, it should be also guaranteed that the mapping of nrSSs and SI delivery channel(s) is cell-specific and periodic. Figure 1 shows an example of consecutive beam sweeping symbol mapping of multi-beam based system.



 Figure 1. Consecutive mapping of initial access signals in multi-beam based system

For initial access signals, a beam sweeping unit, which means a unit of time interval used for a beam sweep, is proposed to be defined. For flexible deployments, it is desirable that NR supports network options to map one or multiple beam sweeping units for a beam sweep. Alternative definitions of the beam sweeping unit are listed and compared below:
· Alt 1. An integer multiple of the number of OFDM symbols in a subframe/slot 
· Simpler for scheduling: less signaling overhead
· Alt 2. A number of OFDM symbols being less than or equal to the number of OFDM symbols in a subframe/slot
· A number of sweeping OFDM symbols may be more flexibly selected by the network.
· The number of OFDM symbols needs to be indicated for data channel rate matching.
In these alternatives, total number of sweeping OFDM symbols for a beam sweep is equal to an integer multiple of the number of OFDM symbols in a beam sweeping unit.

Proposal 1: Time domain mapping of initial access signals supports the followings in multi-beam based system:
· Cell-specific and periodic
· Utilizing consecutive OFDM symbols for the fast acquisition of the information

Proposal 2: 
· NR supports a beam sweeping unit, which defines a unit of time interval used for a beam sweep. 
· Total number of sweeping OFDM symbols for a beam sweep is equal to an integer multiple of the number of OFDM symbols in a beam sweeping unit.

Proposal 3: Study the following alternatives of the beam sweeping unit:
· Alt 1. An integer multiple of the number of OFDM symbols in a subframe/slot
· Alt 2. A number of OFDM symbols being less than or equal to the number of OFDM symbols in a subframe/slot

Conclusions
The proposals of this contribution are summarized below:
Proposal 1: Time domain mapping of initial access signals supports the followings in multi-beam based system:
· Cell-specific and periodic
· Utilizing consecutive OFDM symbols for the fast acquisition of the information
Proposal 2: 
· NR supports a beam sweeping unit, which defines a unit of time interval used for a beam sweep. 
· Total number of sweeping OFDM symbols for a beam sweep is equal to an integer multiple of the number of OFDM symbols in a beam sweeping unit.
Proposal 3: Study the following alternatives of the beam sweeping unit:
· Alt 1. An integer multiple of the number of OFDM symbols in a subframe/slot
· Alt 2. A number of OFDM symbols being less than or equal to the number of OFDM symbols in a subframe/slot
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