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1. 
Introduction
In RAN1-86 meeting, WFs on NR synchronization signals had been agreed and noted in Chairman’s notes:
Agreements:
· For subcarrier spacing of each synchronization signal (e.g. NR PSS,SSS) in a NR carrier, the following alternatives should be studied

· Alt 1: Subcarrier spacing is predefined in the specification for a given frequency range

· Ex: 15kHz for sub-6GHz, 60kHz for over-6GHz
· Note that there are more than one frequency ranges
· Alt 2: Subcarrier spacing is selected by NR BS
· FFS: Details on the set of possible numerologies

· Note: Blind detection of multiple numerologies can be considered

· Alt 3: Single subcarrier spacing is predefined in the specification for all frequency ranges

· Other alternatives are not precluded

· NR synchronization signal is based on CP-OFDM

· Note that DFT-spread-OFDM based design is not precluded
In this contribution, we discuss various aspects of the NR synchronization. In particular, we first provide an overview on synchronization. The synchronization raster design and synchronization signal design considerations are then discussed with focus on the single beam synchronization.
2. 
Synchronization Overview
The cells transmit the synchronization signals periodically to support UE in time and frequency synchronization with the cell, and cell ID detection. In general, depending on UE RRC states, UE might perform one of two synchronization procedures, namely initial acquisition cell search and neighbor cell search. More specifically,
· The initial acquisition cell search is required when UE performs serving cell selection (first-time powered up) or when UE performs cell reselection (e.g., mobile when UE is in inactive or idle state, recovering from radio failure or out of service). The key challenge of the initial acquisition is that UE has no knowledge on carrier center frequency and synchronization signal location. In addition, UE might observe high carrier frequency error, e.g., ±5ppm (for high-end UEs) to ±20ppm (for low-cost UEs e.g., mMTC devices).

· The neighbor cell search is performed as a part of serving cell handover procedure in an active state. This search is expected much more often than the initial acquisition cell search. Furthermore, the neighbor cell search latency should be reasonably short to guarantee good user experience.
In the initial acquisition, the first procedure that UE performs is carrier frequency. More specifically, UE is required to search for the carrier center frequency by scanning through configured frequency bands. For a given band and channel raster (e.g., 100kHz in LTE), UE could detect a set of center frequency candidates (e.g., by downlink power spectrum measurement or waveform detection) over which the synchronization signals could be detected.  However, such frequency scan procedure could meet some challenges, for example
· NR is expected to have deployments in some wide frequency bands so frequency scanning using channel raster might not be efficient.

· Potential NR/LTE confusion since both NR and legacy LTE employ OFDM-based waveforms in the downlink
· Potential “alien waveform” confusion when some mMTC waveforms or some on-demand signals might exist in the frequency band.
Observation 1: An efficient frequency scan procedure should be investigated for NR
Once the carrier frequency scan is complete, UE detects synchronization signals from each carrier frequency candidate. The synchronization signals can include a primary synchronization signal (PSS) and a secondary synchronization signal (SSS) similar to LTE. The purpose of PSS is for symbol timing detection, carrier frequency offset (CFO) estimation and some cell ID signaling. On the other hand, SSS is for frame timing detection, cell ID detection (together with some cell ID signaling in PSS), and probably for CFO estimation refinement. For the legacy LTE PSS/SSS, there are some known issues, e.g.,
· PSS has sequence collision (i.e., Zadoff-Chu sequences of roots 25 and 34 have non-negligible cross-correlation).
· SSS has short sequence collisions (i.e., every 6 sequences share the same short code, leading to non-negligible cross correlation of these sequences) especially in synchronous deployments.
Observation 2: Designing NR synchronization signals should take into account the known issues in LTE synchronization signals
3. 
Synchronization Channel Raster
The challenges on finding the carrier frequency in NR have been discussed in Section 2. One possible way to solve such challenges is to define a synchronization channel raster or synchronization raster for short as initially discussed in RAN1-86 [1] and transmit synchronization signals over such synchronization frequency raster. More specifically, 
· The synchronization raster (used for synchronization and NR cell search) is sparser than the carrier/channel raster
· The synchronization raster (used for synchronization and NR cell search) may depend on the frequency bands
· A UE should not assume a fixed frequency location of the synchronization signal(s) relative to the center of the carrier.
Figure 1 illustrates the relation between synchronization frequency based on synchronization raster and the center of the bandwidth (DC).
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Figure 1. Synchronization raster and DC

In NR, for efficient frequency scan procedure, it might be better to decouple the channel raster and synchronization raster. The channel raster for NR Sub6 could be similar to LTE channel raster (e.g., 100kHz) to provide deployment flexibility. On the other hand, the synchronization raster could be much coarser than the channel raster to reduce the complexity on the frequency scan and achieve faster sync detection. The synchronization raster could be designed as follows
· Synchronization raster (
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where K is an scaling factor which could be band-dependent.
· Synchronization raster and synchronization bandwidth should be selected such that any channel number could be used as the carrier center frequency. In addition, regardless of carrier center frequency, full synchronization signals are transmitted. As a result, for a given synchronization raster and minimum system bandwidth, the synchronization bandwidth (
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where 
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is the channel bandwidth and 
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is the guard band applied on channel bandwidth. The channel bandwidth and transmission bandwidth configuration for one E-UTRA carrier are defined in [1] and illustrated in Figure 2. Note that some guard band (
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Figure 2. Definition of channel bandwidth and transmission bandwidth configuration for one E-UTRA carrier [1]
Table 1. Design examples on synchronization raster and synchronization bandwidth
	Parameter
	Design Example

	Channel bandwidth
	5MHz

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

	Chanel raster
	100kHz

	Reference sub-carrier spacing
	15kHz

	Scaling factor (K)
	4

	Sync raster
	1.2MHz

	Sync channel bandwidth
	≤ 3.3MHz

	Guard for sync channel
	~10% of sync channel bandwidth (~11% in LTE)


Proposal 1: NR synchronization raster is a multiple of least common multiples of channel raster and reference NR subcarrier spacing.
Proposal 2: NR synchronization signal bandwidth should depend on the synchronization raster and the minimum channel bandwidth.

4. 
Synchronization Signal Design Considerations
In this section, we are discussing the fundamental design parameters for NR single beam synchronization signal design such as numerology, bandwidth, periodicity and mapping into resources.
4.1
Bandwidth

For 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 different from band to band. 
Proposal 3: NR Sub6 synchronization signal bandwidth is at most 5MHz.

4.2 Numerology
NR is envisioned to support flexible numerology and the numerology requirements could be quite different for the low frequency (e.g., 15kHz, 30kHz) and high frequency (60kHz, 120kHz, 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. On the other extreme, if only one set of synchronization signals is designed for all numerology, it would be difficult to find the best numerology working for all deployments. As a result, it might be preferred to define frequency range and select the synchronization numerology working best for each frequency range. In addition, it might be preferred to multiplex the synchronization signals and physical broadcast channel into a self-contained subframe in Sub6 given the synchronization channel bandwidth is narrow. Hence, Sub6 synchronization signal numerology should be 30kHz.
Proposal 4: RAN1 should consider the Alt 1 for selecting synchronization numerology and use 30kHz as synchronization signal numerology for Sub6.
4.3 
Synchronization periodicity and resource mapping
The synchronization periodicity selection affects the cell search complexity and latency. More importantly, the periodicity should be selected such that inter-RAT search could be performed efficiently. It is worth noting that the measurement gaps of RATs such as LTE and GSM are 6ms (including RF ramp-up/ramp-down and cell search). 

[image: image15.emf]10 symbols 

G

U

L

 

c

o

m

m

o

n

 

b

u

r

s

t

D

L

 

c

o

m

m

o

n

 

b

u

r

s

t

DL regular burst

2 symbols

2 symbols

500us subframe

P

S

S

-

C

D

M

R

S

D

M

R

S

Nominal SCS = 30kHz, Sync SCS = 30kHz, 128 tones

P

B

C

H

-

C

S

S

S

-

C

P

B

C

H

-

C


Figure 3. Cell-specific synchronization signal mapping into TDD downlink-centric SF
From resource mapping perspectives, the synchronization signals are mapped into the downlink centric subframe. More specifically, the synchronization signals should mapped into the downlink regular burst of the downlink-centric subframe only. This mapping could simplify the timeline for processing the downlink common burst. Figure 2 illustrates an example of the resource mapping for the synchronization signals, where letter “C” at the end of PSS/SSS/PBCH is to indicate that the synchronization signals are cell-specific. Note that the exact location of synchronization signals could depend on DMRS mapping. In addition, the ordering among synchronization signals and PBCH could be further studied to optimize cell search performance.
Proposal 5: The periodicity of the synchronization signals is proposed to be 5ms.
Proposal 6: The synchronization signals are mapped into the downlink regular burst of the downlink-centric subframe.
4.4 
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 4. Zone-specific synchronization signal mapping into TDD downlink-centric SF
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 2) and the other for zone-specific synchronization illustrated in Figure 3. 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.
Another possible approach is that only cell-specific synchronization signals are designed (as illustrated in Figure 2), 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 7: 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
5. 
Conclusion

This contribution has discussed various aspects of synchronization for NR. More specifically, it has the following observations and proposals:
Observation 1: An efficient frequency scan procedure should be investigated for NR

Observation 2: Designing NR synchronization signals should take into account the known issues in LTE synchronization signals

Proposal 1: NR synchronization raster is a multiple of least common multiples of channel raster and reference NR subcarrier spacing.

Proposal 2: NR synchronization signal bandwidth should depend on the synchronization raster and the minimum channel bandwidth.

Proposal 3: NR Sub6 synchronization signal bandwidth is at most 5MHz.

Proposal 4: RAN1 should consider the Alt 1 for selecting synchronization numerology and use 30kHz as synchronization signal numerology for Sub6.
Proposal 5: The periodicity of the synchronization signals is proposed to be 5ms.

Proposal 6: The synchronization signals are mapped into the downlink regular burst of the downlink-centric subframe.

Proposal 7: 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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