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1. 
Introduction
In the LTE initial acquisition, the first procedure that UE might perform is frequency scan. More specifically, UE is required to search for the carrier center frequency by scanning through targeted 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 in NR, 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.

· Reference signal similar to LTE CRS might not be broadcast often enough especially in TDD subframe structures, making frequency scan very challenging.
It is more efficient to decouple the channel raster and sync channel raster which is coarser than the channel raster. Sync signals and PBCH are transmitted around the sync channel raster. In particular, UE only needs to search for sync signals for a known set of frequency points defined by sync channel raster. In this contribution, we discuss sync channel raster design considerations for below 6GHz.
2. 
Synchronization Channel Raster
RAN1-86 [1] discussed some views on sync channel 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 and UMTS/LTE spectrum re-farming. 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 integer 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 [2] and illustrated in Figure 2. Note that some guard band (
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) should be applied to the synchronization channel bandwidth as well since the synchronization channel numerology could be different from the nominal numerology used for transmission of data or control channels. Hence, the synchronization transmission bandwidth (
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Figure 2. Definition of channel bandwidth and transmission bandwidth configuration for one E-UTRA carrier [2]
Assume the minimum system bandwidth is 5MHz in the sync channel design. The detail design is proposed in Table 1.
Table 1. Sync channel raster design
	Parameter
	Proposed value

	Minimum channel bandwidth
	5 MHz

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

	Channel raster
	100 kHz

	Reference RB bandwidth
	180 kHz

	Scaling factor (K)
	2

	Sync raster = K*LCM(channel raster, ref. RB BW)  = K*900
	1.8 MHz

	Sync channel bandwidth upper-bound
	≤ 2.7 MHz

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


Proposal 1: RAN1 considers the sync channel raster which is multiple of both channel raster and reference RB.
Proposal 2: Sync channel raster for below 6GHz is 1.8MHz if the minimum system bandwidth is assumed to be 5MHz.
Proposal 3: Sync channel bandwidth for below 6GHz is 2.16MHz if the minimum system bandwidth is assumed to be 5MHz.
3. 
Signalling considerations
For each sync raster frequency, UE detects sync signals for timing and frequency synchronization to the cell as well as physical cell ID. In addition, UE decodes PBCH to obtain MIB. From UE perspectives, it might look for the common control sub-band where the common search space PDCCH could be decoded. The common search space PDCCH can carry scheduling information for UE to decode PDSCH carrying MSIB (minimum SIB). Note that MSIB carries necessary information and configurations for initial access e.g., RACH configurations. One possible signaling could be described as follow:
· Transmit sync signals and PBCH together using any sync raster frequency.
· Use x bits in MIB to indicate common control sub-band over which common search space PDCCH (carrying MSIB scheduling) is transmitted. Such sub-band indication might include the location wrt sync raster frequency where sync signals are transmitted, numerology and bandwidth.
· If UE is required to know the center frequency of the system bandwidth (less likely), y bits in MSIB can be used to indicate DC location.
Proposal 4: RAN1 considers the following signaling mechanism for UE to obtain system information necessary for initial access: 
· Transmit sync signals and PBCH together using any sync raster frequency.
· Use x bits in MIB to indicate common control sub-band over which common search space PDCCH (carrying MSIB scheduling) is transmitted. Such sub-band indication might include the location wrt sync raster frequency where sync signals are transmitted, numerology and bandwidth.
· If UE is required to know the center frequency of the system bandwidth (less likely), y bits in MSIB can be used to indicate DC location.
4. 
Conclusion

This contribution presented sync raster design applicable for both below 6GHz and above 6GHz. In addition, we provided detailed design of sync raster for below 6GHz. More specifically, it has the following proposals:
Proposal 1: RAN1 considers the sync channel raster which is multiple of both channel raster and reference RB.
Proposal 2: Sync channel raster for below 6GHz is 1.8MHz if the minimum system bandwidth is assumed to be 5MHz.
Proposal 3: Sync channel bandwidth for below 6GHz is 2.16MHz if the minimum system bandwidth is assumed to be 5MHz.
Proposal 4: RAN1 considers the following signaling mechanism for UE to obtain system information necessary for initial access: 

· Transmit sync signals and PBCH together using any sync raster frequency

· Use x bits in MIB to indicate common control sub-band over which common search space PDCCH (carrying MSIB scheduling) is transmitted. Such sub-band indication might include the location wrt sync raster frequency where sync signals are transmitted, numerology and bandwidth.

· If UE is required to know the center frequency of the system bandwidth, y bits in MSIB can be used to indicate DC location.
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