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1. Introduction

In RAN1#87, the unified structure of DL sync signal was identified as follows [1]:

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.
Additionally, the following agreements on sync periodicity were made [1]:
Agreements:
· 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

In this contribution, details on initial access procedure which needs to be concretized for multi-beam based approaches are provided.
2. Discussion on Initial Access Procedure
Based on the discussion in [2], the following key steps would need to be specified for the initial access procedure in multi-beam based approaches:
1. Timing acquisition including

A. OFDM symbol timing
B. Cell-ID acquisition
C. Slot timing
D. Frame timing
2. Beam acquisition including

A. Tx beam acquisition

B. Rx beam acquisition

In the above key steps, slot timing acquisition and beam acquisition are additional steps for multi-beam based approaches over those for single-beam based approaches like LTE.

Figure 1 shows an example of multi-beam based approach where SS burst occurs periodically with X ms interval. In one SS burst, multiple SS blocks applying different beams (depicted as different colors) are transmitted for timing and beam acquisition. In one SS block, different types of signals would be included to help UEs to acquire timing and beam accurately. For example, SS blocks could be composed by NR-PSS/NR-SSS, NR-PBCH and additional signals which could help UE to carry out the aforementioned additional steps. 
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Figure 1: Example of frame design for initial access procedure
Regarding timing and beam acquisition, the following issues would need to be clarified:
· Signal design for SS blocks/bursts
· Periodicity and duration of SS blocks/bursts
· Commonality with single-beam based approach
Signal design for SS blocks/bursts
One straightforward way to support the above highlighted additional steps would be to introduce new signals dedicated to those steps in addition to NR-PSS/NR-SSS and NR-PBCH which would be used for the conventional timing acquisition such as in LTE. That is, additional synchronization signal for slot timing acquisition and additional reference signal for beam acquisition could be introduced for NR multi-beam based approaches. Another way to support such additional steps would be to design NR-PSS/NR-SSS and NR-PBCH to be able to jointly support the whole key steps for the initial access procedure. In our view, the first way which is to introduce new signals for additional steps would be preferable for the following reasons:
1. The legacy steps for single-beam based approaches and the additional steps for multi-beam based approaches could be separately operated with signals optimized independently; which is beneficial to achieve unified framework since the steps for single-beam based approaches can be operated as the subset of the steps for multi-beam based approaches.
2. LTE PSS/SSS could be reused as much as possible so that at least the same performance as LTE for the legacy steps, which are OFDM timing acquisition, Cell-ID acquisition and frame timing acquisition, could be achieved
Periodicity and duration of SS blocks/bursts
The benchmark design for SS blocks/bursts should be LTE PSS/SSS. In particular, SS blocks/bursts for NR should be able to provide at least the latency of timing acquisition that LTE PSS/SSS can provide. In such perspective, the baseline value for periodicity of SS burst should be 5ms.
The duration of SS bursts and SS blocks would need to be carefully determined taking into account the number of supportable Tx beams and the overhead required for SS bursts. For example, if the durations of SS blocks and bursts are t OFDM symbols and x OFDM symbols respectively, the overhead is x OFDM symbols in every X ms while the number of supportable Tx beams within X ms is (x/t) times # of ports of the reference signal used for beam acquisition. The values of t and x could be fixed in the specification or configured by eNB depending on the number of supportable Tx beams.
Commonality with single-beam based approach
As agreed in RAN1#86, RAN1 should strive for a unified framework covering single beam based and multi-beam based deployments. Depending on the deployment scenarios especially in mmWave frequency bands, different TRPs could apply different beam approaches even though they are operating in the same frequency band. For example, in a certain frequency band, macro TRPs can apply multi-beam based approaches while pico TRPs can apply single-beam approaches. Therefore, RAN1 should take into account such case that a UE can be served by any of TRPs applying ether multi-beam approaches or single-beam approaches. In such perspective, RAN1 should study how the UE distinguish different beam approaches, striving for such unified framework as much as possible.

3. Conclusion
In this contribution, we discussed on initial timing and beam acquisition procedure which needs to be concretized for multi-beam based approaches. Based on the discussion above, it is observed that
Observation 1: RAN1 should take into account the following key steps to design synchronization signals and reference signals for initial access procedure in multi-beam based approaches:
· Timing acquisition including

· OFDM symbol timing
· Cell-ID acquisition
· Subframe timing
· Frame timing
· Beam acquisition including

· Tx beam acquisition

· Rx beam acquisition
Observation 2: The following issues for initial access procedure in multi-beam based approaches would need to be clarified in RAN1:
· Signal design for SS blocks/bursts
· Periodicity and duration of SS blocks/bursts
· Commonality with single-beam based approach
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