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1. 
Introduction
In RAN1-87 meeting, WFs on NR synchronization signals had been agreed and noted in Chairman’s notes:
Agreements:
· At least one subcarrier spacing for each synchronization signal (e.g. NR PSS,SSS, PBCH) is predefined in the specification for a given frequency range
· FFS: Subcarrier spacings for NR PSS, SSS and PBCH can be same or different.
· Note that there are more than one frequency ranges
· FFS: for the case when the frequency ranges are overlapped.

· FFS: whether or not to define a single numerology or multiple numerology for frequency range

· RAN1 should study the number of subcarrier spacings in a given frequency range and strive for minimizing the number of subcarrier spacings

Working assumption:
· Wider transmission bandwidth for NR-PSS/SSS and/or PBCH than that for LTE-PSS/SSS/PBCH is supported at least for a subcarrier spacing larger than 15kHz

· Below 6 GHz, transmission bandwidth containing NR-PSS/SSS/PBCH is not more than [5 or 20] MHz
· Below 40 GHz, transmission bandwidth containing NR-PSS/SSS/PBCH is not more than [40 or 80] MHz
In this contribution, we discuss various aspects of the NR synchronization. In particular, we discuss sync numerology, bandwidth and resources. 
2. 
Synchronization Design Considerations
2.1
Bandwidth

It is discussed in [1] that it is more efficient for initial acquisition if sync channel raster is defined and coarser than channel raster. For such synchronization channel raster based design, the synchronization signal bandwidth could depend on synchronization raster and the minimum system bandwidth. Since the minimum system bandwidth could be band-dependent, the synchronization raster could be also different from band to band. For example, sync raster could be around 2MHz for below 6GHz while it could be around 40MHz for above 6GHz. Table 1 presents the sync channel raster and the corresponding sync channel bandwidth for below 6GHz. The minimum channel bandwidth is assumed to be 5MHz. The main motivation of having 5MHz as the minimum system bandwidth is for possible spectrum refarming from UMTS or LTE.
Table 1. Sync channel raster design [1]
	Parameter
	Value

	Minimum channel bandwidth
	5MHz

	Channel bandwidth guard
	0.5 MHz (e.g., 10% of channel bandwidth)

	Sync raster
	1.8MHz

	Sync channel bandwidth upper-bound
	≤ 2.7MHz

	Sync bandwidth
	2.16 MHz
(6RBs @ 30kHz or 72 tones)


Proposal 1: Sync channel bandwidth for below 6GHz is 2.16MHz if the minimum system bandwidth is assumed to be 5MHz and sync channel raster is 1.8MHz.
2.2. Numerology
NR is envisioned to support flexible numerology and the numerology requirements could be different for the low frequency range (e.g., 15kHz, 30kHz or 60kHz) and high frequency range (60kHz, 120kHz or 240kHz). The burden on searcher at the UE will be very high if a set of synchronization signals is dedicatedly designed for a given numerology since searcher will have to blindly search for all possible synchronization signals with different numerologies. On the other hand, if only one set of synchronization signals is designed for all numerologies, it may be difficult to find the best numerology working for all deployments (with different numerologies). As a result, it might be beneficial to define frequency range and select the synchronization numerology working best for each frequency range. In addition, it might be also beneficial to multiplex the synchronization signals and physical broadcast channel (PBCH) into a self-contained slot in Sub6 given the synchronization channel bandwidth is narrow. Hence, for below 6GHz, our proposal is to use 30kHz NCP numerology as the single numerology for synchronization signals and physical broadcast channel. The mapping of 30kHz sync signals and PBCH are demonstrated in Figure 1.
Proposal 2: RAN1 considers a single numerology for below 6GHz sync signals. In particular, use 30kHz NCP as the only numerology for synchronization signals and physical broadcast channels for below 6GHz.
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Figure 1. Mapping PSS, SSS, PBCH and RS into different self-contained slot structure

2.3 
Sync resource considerations
Table 2 summarizes the sync design parameters as well as the comparison to LTE sync design. 
Table 2. Sync design parameters
	Design parameters
	NR design
	LTE

	Sync channel raster
	1.8 MHz
	N/A

	Sync bandwidth
	2.16 MHz (6 RBs at 30kHz SCS)
	1.08 MHz (6 RBs at 15kHz SCS)

	Sync numerology
	30kHz
	15kHz

	# of usable tones
	72
	72

	# of tones for PSS, SSS
	64
	64

	# of PSS symbols
	1
	1

	# of SSS symbols
	1
	1


From resource mapping perspectives, the synchronization signals are mapped into the downlink centric slot. More specifically, the synchronization signals should mapped into the downlink regular burst of the downlink-centric slot only. This mapping could simplify the timeline for processing the downlink common burst. 
Proposal 4: RAN1 considers the sync design with one PSS symbol and one SSS symbol as summarized in Table 2. In addition, RAN1 studies waveform design for PSS and SSS.
Proposal 5: NR sync signal for below 6GHz signals at least 504 PCIs. For supporting more than 504 PCIs, three or more PSS sequences or more than 168 SSS sequences per PSS sequence can be used.
2.4 
Supporting uplink-based and downlink-based mobility 
NR is envisioned to support uplink-based mobility in addition to downlink-based mobility due to its benefits in some deployments such as small cells or high speed train [2]-[3]. In principle, in uplink-based mobility, UE sends uplink reference signal and network performs UE search and tracking. Furthermore, in uplink-based mobility, the TRPs are tightly synchronized and formed a zone. The intra-zone mobility is transparent to UE and UE is not required to perform cell search (which is required in downlink based mobility). 
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Figure 3. Zone-specific synchronization signal mapping into TDD 60kHz downlink-centric slot
To support uplink-based and downlink-based mobility, the synchronization signals should be designed to support cell synchronization in downlink-based mobility and zone synchronization in uplink-based mobility (for inter-zone mobility or the first time to synchronize with the zone). One possible approach is to design two sets of synchronization signals: one for cell-specific synchronization (demonstrated in Figure 1) and the other for zone-specific synchronization illustrated in Figure 2. We refer to this design as dual synchronization channel design. In this design, zone-specific synchronization signals could be SFN transmitted so zone synchronization should be done quickly. Another benefit is that UE could self-discover the zone synchronization signals whenever triggered, e.g., for inter-zone mobility procedure. It is also noted that zone specific sync signals will carry less information than cell specific sync.
Another possible approach is that only cell-specific synchronization signals are designed (as illustrated in Figure 1), which we refer to as single synchronization channel design. In this design, zone synchronization could be done through the cell-specific synchronization signals and the zone ID is signaled in minimum SIB (MSIB). Note that broadcasting MSIB was agreed in RAN2. This approach does not require to have a new set of synchronization signals for zone synchronization, which might simplify the synchronization signal design. However, UE might not be able to self-discover the zone synchronization and SFN synchronization signal transmission might not be possible.
 Proposal 6: Consider the single synchronization channel and dual synchronization channel design options to support both uplink-based and downlink-based mobility when designing the synchronization signals.
3. 
Conclusion

This contribution has discussed various aspects of synchronization for NR. More specifically, it has the following proposals:

Proposal 1: Sync channel bandwidth for below 6GHz is 2.16MHz if the minimum system bandwidth is assumed to be 5MHz and sync channel raster is 1.8MHz.

Proposal 2: RAN1 considers a single numerology for below 6GHz sync signals. In particular, use 30kHz NCP as the only numerology for synchronization signals and physical broadcast channels for below 6GHz.

Proposal 3: RAN1 considers the mapping of sync signals and PBCH into self-contained downlink slot to support slot structure requirements.

Proposal 4: RAN1 considers the sync design with one PSS symbol and one SSS symbol as summarized in Table 2. In addition, RAN1 studies waveform design for PSS and SSS.

Proposal 5: NR sync signal for below 6GHz signals at least 504 PCIs. For supporting more than 504 PCIs, three or more PSS sequences or more than 168 SSS sequences per PSS sequence can be used.
Proposal 6: Consider the single synchronization channel and dual synchronization channel design options to support both uplink-based and downlink-based mobility when designing the synchronization signals.
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