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Introduction
[bookmark: _Toc464256869]In the RAN1#86bis meeting, the agreements on synchronization signal were reached in [1] as following
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
· 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
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.

In this contribution, we present a beam-based timing mechanism on SS to deal with the ambiguity of frame timing in NR multi-beam operation case.

Discussions
In LTE, frame timing is determined by the detection of SS, of which the resource location is unique for a certain duplex mode and CP type. However, in NR, multi-beam based operation (for frequency above 6GHz) may bring the ambiguity of frame timing due to the fact that the UE may locate within any beam of gNB and detect the SS block for the corresponding beam but can not get the frame timing if no specific SS block index information is carried by the SS block signals. 
[bookmark: _GoBack]To deal with the problem, in the RAN1#86bis meeting it has been proposed in [2] that frame timing information can be conveyed to the UE through the use of different frequency offset between the SSS and PSS when the SSS and PSS are FDMed or different SS sequences over the respective beams. However, such approaches may bring in large blind detection complexity or extra SS-sequence design work. 
In this contribution, we present a beam-based timing mechanism without additional detection complexity and introduction of the beam-specific SS design. In this scheme, the gNB exchanges the beam sweeping order within different SS burst. By such operation, for UEs within different beams, the UE would detect and measure different offset time for its best SS block signals between two different SS burst(e.g., two adjacent SS bursts). Based on the offset time, the UE can derive the beam ID thus get the frame timing. An example is shown in Figure 1, 



Fig 1. Illustration of beam-based timing mechanism
gNB provides two set of SS beam sweeping in a synchronization cycle with different sweeping order, e.g., with the order of 1-2-3-4 in the former SS burst and with the order of 4-3-2-1 in the latter SS burst as shown in Fig 1. SS-offset is the offset between a pair of adjacent SS block for one specific beam. Different order causes different SS-offset for each beam, and different SS-offset implicitly indicates the beam ID, e.g., if the offset time that equals to T/2+t (where T is the periodicity of the SS burst set and t is the time duration of the SS block) is reported, the UE can determine that the beam ID is 2.
It can be seen by the proposed scheme, a unified design of the SS block design for all the beams is sufficient and the UE’s detection for SS is eased compared with the methods mentioned above. Therefore, we propose that implicit beam index indication method by exchanging the beam sweeping order can be considered for NR.    

Proposal 1: 	Implicit beam index indication method by exchanging the beam sweeping order can be considered for NR.

Conclusions
In this contribution, we presented a beam-based timing mechanism to deal with the ambiguity of frame timing in NR. Based on the above discussion, the following proposal is drawn:
Proposal 1: 	Implicit beam index indication method by exchanging the beam sweeping order can be considered for NR.
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