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1. Introduction
At RAN1 #86b, it is agreed on NR initial access signals/channels design [1-3].

· 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.
· From RAN1 specification perspective, NR air interface defines at least one periodicity of SS burst set

· FFS: whether or not to define common periodicity range for SS burst set across NR carriers

· Values of the periodicities of SS burst set is for further study

· E.g., 5ms, 40ms, 100ms
· The lowest value of the periodicity of SS burst set is X ms, e.g., 5ms, 40ms, 80ms 
· Note: Interval of SS burst can be the same as interval of SS burst set in some cases, e.g., single beam operation
· Note: the main bullet can be applied to PSS, SSS and/or PBCH
· FFS: networks is allowed to transmit SS burst set at least at the defined periodicities

· FFS: UE is allowed or informed to adapt acquisition procedure based on periodicities of SS burst set
· FFS: For example, if multiple periodicities of SS burst set are defined for initial blind acquisition, UE assumes X ms of an NR carrier as periodicity of SS burst set for dwell time on a freq.
· 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

· Number of NR cell IDs is targeted to be at least 504

· FFS: larger than that in LTE

· FFS number of NR cell IDs

· 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
In this contribution, we discuss SS burst design for initial access. 
2. Beam Forming Operation for Initial Access Signals/Channels
As shown in Figure 1, a NR-SS beam sweeping burst may contain several SS beam sweeping blocks. Each SS block may be either composite of a single or multiple CP-OFDM symbols [1]. A UE may detect multiple DL synchronization signals in a SS burst because a SS burst may contain several SS blocks carrying synchronization signals. 

Observation 1: Multiple DL initial access signals such as NR-SS and NR-PBCH may be transmitted multiple times during an initial access SS burst.

As an example illustrated in Figure 1, the second SS block in a SS burst is detected by a UE. If we assume each SS block for initial access is equal to a CP-OFDM symbol duration, then the time offset between detected beam sweeping block and beam sweeping burst is equal to one CP-OFDM symbol. Hence, there is a need to distinguish the symbol to subframe offset from a beam sweeping burst, when a UE detects multiple DL synchronization signals/blocks.
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Figure 1 Single-Pattern Beam Sweeping for Initial Access
Observation 2: There is a need of mechanism to allow UE to distinguish the time offset in symbols from the SS burst boundary to the detected SS block/symbol.
In [3], the function for deriving symbol index remains FFS.  In the NR system with beamforming, it may require UE to detect the best beam for synchronization during the beam sweeping. If a DL synchronization signal carries both the cell and symbol/block index, then a UE can detect the cell ID and symbol index from the DL synchronization channel simultaneously and therefore is able to find the symbol offset from the SS burst boundary to the detected SS block. If a DL synchronization signal carries only cell ID, then UE may need to detect another signal for the acquisition of the symbol/block index within a SS block. For example, the beam training reference signal may carry the symbol/block index, which enables UE to uniquely identify the beam and its time offset. The beam training reference signal may also be served for other purposes such as for NR-PBCH demodulation and mobility measurement.   
Based on above discussion, we propose the following:

Proposal 1: NR-SSS carries both a portion of cell ID and a symbol index/counter within its subframe to enable a UE to obtain both detected beam and associated cell ID and furthermore the time offset of the synchronization signal within a sweeping burst.

Proposal 2: NR-PSS and NR-SSS carry a cell ID and the beam training reference signal carries a subframe index/counter to enable a UE to obtain both the detected cell ID and beam ID and furthermore the time offset of the synchronization signal within a SS burst. The beam training reference signal can be served for other purposes such as NR-PBCH demodulation and mobility measurement.
3. Conclusion

In this contribution we discussed the SS burst on beam forming operation for initial access and conclude the following:

Observation 1: Multiple DL initial access signals such as NR-SS and NR-PBCH may be transmitted multiple times during an initial access SS burst.

Observation 2: There is a need of mechanism to allow UE to distinguish the time offset in symbols from the SS burst boundary to the detected SS block/symbol.

Proposal 1: NR-SSS carry both a portion of cell ID and a symbol to subframe index/counter to enable a UE to obtain both detected cell ID and associated beam and furthermore the time offset of the synchronization signal within a sweeping burst.

Proposal 2: NR-PSS and NR-SSS carries a cell ID and the beam training reference signal carries a subframe index/counter to enable a UE to obtain both the detected cell ID and beam ID and furthermore the time offset of the synchronization signal within a SS burst. The beam training reference signal can be served for other purposes such as for NR-PBCH demodulation and mobility measurement.
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