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1. Introduction

During NR discussion, it was agreed that RAN1 studies both multi-beam based approaches and single-beam based approaches [1]. Additionally, RAN1 agreed to strive for a unified synchronization framework covering single-beam based and multi-beam based deployments [2]. In this regard, the following agreements on burst set composition were made [3]:

Agreements:
· For a given frequency band, an SS block corresponds to N OFDM symbols based on the default subcarrier spacing, and N is a constant.

· The signal multiplexing structure is fixed in a specification

· UE shall be able to identify at least OFDM symbol index, slot index in a radio frame and radio frame number from an SS block.

· The signals included in the SS block are FFS between 

· Alt 1: PSS, SSS and PBCH; and 

· Alt 2: PSS, SSS, TSS and PBCH.

· Note 1: it does not preclude possibility of multiplexing MRS and/or data transmission in the SS block.

· Note 2: It does not preclude the possibility of skipping PBCH in other SS blocks.

Agreement:

· For initial cell selection, UE may assume default SS burst set periodicity which may be frequency band-dependent.
· UE may assume that a given SS block is repeated with a SS burst set periodicity
· Note that NR-PBCH contents in a given repeated SS block may change
· A single set of possible SS block time locations is specified per frequency band.
· FFS whether the set is defined with respect to SS burst set or radio frame
· FFS whether idle/connected UE can be configured with additional information about which SS blocks in a SS burst set are transmitted

According to the terminology in the above agreements, the number of SS blocks within a SS burst set is one in case of single-beam approaches while the number of SS blocks within one SS burst set is more than one in case of multi-beam approaches. In this contribution, we provide deployment cases where different gNBs in the same frequency band apply different beam approaches and a relevant technical consideration for 5G synchronization signal design.
2. Discussion
In RAN1#86, two-layer dense urban scenario using 30GHz band in both macro and micro layers was agreed to be investigated for NR [4]. In such deployment scenario, different gNBs could apply different beam approaches even though they are operating in the same frequency band. In other word, in a certain frequency band, macro gNBs could apply multi-beam based approaches while micro gNBs could apply single-beam approaches, since multi-beam based approaches could provide a larger coverage resulted from beamforming gain by beam-sweeping at the cost of operational complexity and resource overhead. Figure 1 shows such deployment scenario where macro and micro layers in the same frequency band apply different beam approaches.
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Figure 1: Two-layer scenario applying different beam approaches
Comparison between single-beam and multi-beam approaches could be summarized as in Table 1. Multi-beam approaches could have a larger coverage translated from the gain of beam-sweeping which would be applied to initial access and/or cell-common signals such as PSS/SSS, PBCH, RACH, SIBs and so on, at the cost of resource overhead and heavier gNB implementation complexity. On the other hand, sing-beam approaches which would have smaller coverage could be implemented in lighter gNB with less resource overhead for initial access and/or cell-common signals. Given such comparison, micro layers which could be covered by Femto or Pico gNBs would be more adequate to applying single-beam based approaches while macro layers which could be covered by macro gNBs usually applying multi-beam based approaches especially in mmWave deployment scenarios.
Table 1: Comparison between single-beam and multi-beam approaches

	
	Single-beam approach
	Multi-beam approach

	Coverage
	Smaller
	Larger

	gNB complexity
	Lighter
	Heavier

	Resource overhead
	Less
	More


In our view, even in case of sub-6GHz, both single-beam and multi-beam based approaches could be useful. For example, when gNBs operating in higher frequency band, e.g. around 4GHz, are deployed in the same site as gNBs operating in lower frequency band, e.g. around 2GHz, some gNBs in higher frequency could apply multi-beam based approaches in order to maintain at least the same coverage as gNBs in lower frequency which would apply single-beam based approaches.
Having discussed above, it is proposed that RAN1 should take into account such deployment scenarios where different gNBs in the same frequency band apply different beam approaches.
Proposal 1: RAN1 should take into account such deployment scenario where different gNBs in the same frequency band apply different beam approaches, e.g.
· Macro gNBs applying multi-beam approaches
· Micro gNBs applying single-beam approaches

Given such deployment, UE should be able to connect to any of gNBs applying either multi-beam approaches or single-beam approaches. In such perspective, it should be clarified how the UE distinguish different beam approaches, i.e. the number of SS blocks within a SS burst set. The following alternatives for UE to distinguish different beam approaches could be considered:

· Alt 1: The same SS burst block structure is used for different beam approaches

· Alt 1-1: Different SS sequence is used for different beam approaches
· Alt 1-2: PBCH indicates whether single or multiple beam approach is applied

· Alt 2: Different SS burst block structure is used for different beam approaches and blindly detected by UE

In our view, Alt 1 is preferred since it could lead more unified synchronization framework which was already agreed for RAN1 to strive for. Based on the discussion above, it is proposed that RAN1 should study further on how the UE distinguish different beam approaches, taking into account Alt 1-1 and Alt 1-2 from performance and complexity perspective.

Proposal 2: RAN1 should study further on how the UE distinguish different beam approaches, taking into account the following alternatives:

· Alt 1-1: Different SSS sequence is used for different beam approaches 

· Alt 1-2: PBCH indicates which beam approach is applied between single or multiple.
3. Conclusion
In this contribution, we discussed on deployment scenarios where different gNBs in the same frequency band apply different beam approaches and it is proposed that
Proposal 1: RAN1 should take into such deployment scenario where different gNBs in the same frequency band apply different beam approaches, e.g.
· Macro gNBs applying multi-beam approaches
· Micro gNBs applying single-beam approaches
Proposal 2: RAN1 should study further on how the UE distinguish different beam approaches, taking into account the following alternatives:

A. Alt 1-1: Different SSS sequence is used for different beam approaches 

B. Alt 1-2: PBCH indicates which beam approach is applied between single or multiple.
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