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1. Introduction

    In RAN1# 85 meeting, single beam approach and multi-beam approach were discussed and it was agreed to further study both approaches for multiple channels and signal in NR [1]:

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
· Single-beam based approaches
· In single-beam based approaches, the single beam can be used for covering a DL coverage area and/or UL coverage distance of a TRP/a UE, similarly as for LTE cell-specific channels/RS
· For both single-beam and multi-beam based approaches, RAN1 can consider followings in addition
· Power boosting

· SFN

· Repetition
· Beam diversity (only for multi-beam approach)

· Antenna diversity

· Other approaches are not precluded
· Combinations of single-beam based and multi-beam based approaches are not precluded

In this contribution, we discuss the synchronization procedures considering beam sweeping.
2. Synchronization
    To apply beam sweeping for synchronization signal, multiple transmission occasions are required to transmit synchronization signal on all beam required to cover the whole cell coverage. The following options in Fig.1 are under consideration as candidates of if beam sweeping is to be adopted by synchronization transmission, where two occasions are required to cover all the beams in this example.
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                                Fig.1 candidates of supporting synchronization with beam sweeping
With option 1, there is one transmission occasion every synchronization signal periodicity. The current philosophy of determine the subframe boundary and radio frame boundary can be reused. Transmission of data in the subframe with synchronization signal can be similar as in LTE with possible beam restriction. On the other hand, it would take several synchronization signal periodicities, 2 in the example, to finish the beam sweeping. Therefore, the average latency of acquiring synchronization for this option would be the largest.  
In option 2, multiple transmission occasions are distributed into multiple subframes within a synchronization signal periodicity. Beam sweeping can be finished within one synchronization signal periodicity. However, as there would be multiple subfames containing synchronization signal, UE need to distinguish the subframe index the PSS/SSS belongs to in order to identify the radio frame boundary. Transmission of data in the subframe with synchronization signal has a similar effect as option1, with potentially more subframe suffering beam restriction. The average latency for option 2 is half of synchronization signal periodicity. 
With option 3 [2], multiple transmission occasions occur in the same subframe within a synchronization signal periodicity. Similar as option 2, beam sweeping can be finished within one synchronization signal periodicity. On the other hand, as there would be multiple synchronization signals within a subframe, UE need to distinguish which symbol PSS/SSS is transmitted within a subframe in order to obtain subframe boundary. Scheduling may be problematic as beam direction change would takes place within one subframe. On the other hand, if some other DL signals with beam sweeping property, e.g. essential system information or reference signal for beam management, is transmitted in the same subframe, this option seems to be a better choice as the scheduling restriction can be confined to a single subframe. The average latency for option 3 is also half of synchronization signal periodicity. 

Comparison among three options is summarized in the below table:

	
	Average latency 
	Scheduling

Restriction
	Potential work

	Option 1
	Half of synchronization periodicity * number of occasions of sweeping
	Less.

Scheduling is limited in subframes  synchronization signal transmits
	No.


	Option 2
	Half of synchronization periodicity
	Medium.

Scheduling is limited in subframes  synchronization signal transmits
	· New design to identify the radio frame boundary

	Option 3
	Half of synchronization periodicity
	Scheduling may not be available in the subframe transmitting synchronization signal
	· New design to identify the subframe boundary


Proposal 1: RAN1 further study which option is adopted for beam sweeping of synchronization signal.
3. Conclusion

In this contribution, we discuss how to apply beam sweeping for synchronization signal and have the following proposal:

Proposal 1: RAN1 further study which option is adopted for beam sweeping of synchronization signal.
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