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Introduction
A new study item on new Radio Access Technology (RAT) [1] was approved in RAN#71. In RAN1#86bis, the following was agreed [2]:

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.

This contribution discusses time domain mapping of SS block/SS burst/burst set for supporting multi-beam based system.

Further discussion on the definition of SS block/burst/burst set
In RAN1#86bis, it was agreed that SS block can include NR-PSS, NR-SSS, and/or NR-PBCH. Other than those three channels, in multi-beam based system, a signal for subframe/slot timing detection can be included in the SS block if the signal is used. Note that the subframe/slot timing detection functionality is essential only when SS blocks in a SS burst are transmitted in a consecutive manner. Moreover, beam RS (BRS) [3, 4] that is utilized for RRM purpose also can be included in the SS block as it is cell-specific and needs to be multi-beam swept.

Proposal 1: SS block may also include the following signals
· A signal for subframe/slot timing detection
· BRS for RRM measurement

For multi-beam based system, a basic beam sweeping unit which means a unit of time interval (i.e., N OFDM symbols) used for a beam sweep needs to be defined. For flexible deployments, it is desirable that NR supports network options to map one or multiple (i.e., M) basic beam sweeping units to complete a single beam sweep (see Figure 1). The total number of sweeping OFDM symbols for the single beam sweep is equal to an integer multiple of the number of OFDM symbols in a basic beam sweeping unit (i.e., MN). Based on this discussion, the meaning of SS burst and SS burst set can be clarified for multi-beam based system. SS burst and SS burst set can be matched with a basic beam sweeping unit and a unit for a single beam sweep, respectively.



 Figure 1. A beam sweeping unit and a beam sweep (exemplary mapping)

Proposal 2: For multi-beam based system, define SS burst and SS burst set as a basic beam sweeping unit and a unit for a single beam sweep, respectively. Support fixed number of SS blocks in a SS burst.

Time domain mapping of SS block/burst/burst set
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 SS block transmission. This operation will be especially useful for coverage limited cases such as 30GHz case. 
As it takes longer time to acquire SS block from multi-beam swept symbols compared to the single-beam based system, overhead-efficient mapping design is required. Basically, SS blocks mapping in consecutive OFDM symbol enables fast connection establishment (i.e., fast NR-SS/essential SI acquisition and fast RA process) for non-connected UEs who is in IDLE DRX or cell-selection status. The mapping described in Figure 2 where SS blocks are mapped in a consecutive manner in a SS burst set is the most efficient way to achieve fast connection establishment. For non-connected UEs, it should be also guaranteed that the mapping of SS burst set is cell-specific and periodic.



 Figure 2. Mapping of SS block/burst/burst in multi-beam based system

Moreover, as discussed in our contribution [3], it is beneficial to support common number of consecutive SS blocks in a SS burst set as it can be a good solution to reduce burden of measurement configuration for neighboring cell measurement in the multi-beam based system.

Proposal 3: Time domain mapping of SS block/burst/burst set supports the followings in multi-beam based system:
· Cell-specific and periodic mapping of SS burst set
· Consecutive SS blocks in a SS burst set
· The number of SS blocks in a SS burst set is NR system common.
· Total number of sweeping SS blocks for a SS burst is equal to an integer multiple of the number of SS blocks in a subframe/slot.

Conclusions
The proposals of this contribution are summarized below:
Proposal 1: SS block may also include the following signals
· A signal for subframe/slot timing detection
· BRS for RRM measurement
Proposal 2: For multi-beam based system, define SS burst and SS burst set as a basic beam sweeping unit and a unit for a single beam sweep, respectively. Support fixed number of SS blocks in a SS burst.
Proposal 3: Time domain mapping of SS block/burst/burst set supports the followings in multi-beam based system:
· Cell-specific and periodic mapping of SS burst set
· Consecutive SS blocks in a SS burst set
· The number of SS blocks in a SS burst set is NR system common.
· Total number of sweeping SS blocks for a SS burst is equal to an integer multiple of the number of SS blocks in a subframe/slot.
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