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1. 	Introduction
In LTE initial acquisition, UE may first perform a frequency scan procedure. More specifically, UE can search for the carrier center frequency by scanning through targeted frequency bands. For a given band, UE may detect a set of center frequency candidates (e.g., by downlink power spectrum measurement or waveform detection) over which the synchronization signals can be detected. However, such frequency scan procedure may meet some challenges in NR, for example
1. Reference signals similar to LTE CRS might not be always broadcast, making frequency scan very challenging.
1. Potential NR/LTE confusion since both NR and legacy LTE employ OFDM-based waveforms in the downlink.
1. Potential “alien waveform” confusion when some mMTC waveforms or some on-demand signals might exist in the frequency band.
1. NR is expected to have deployments in some wide frequency bands so frequency scanning using channel raster might not be efficient.
Furthermore, RAN1-87 had the following working assumptions on the center frequency of the synchronization signals.
Working assumptions:
· For a NR cell, the center frequency for the synchronization signal can be different from the center frequency of the NR carrier
· FFS: Relationship between the center frequency of the NR carrier and the center frequency of synchronization signals and investigate tradeoff between UE complexity and flexibility

The assumption implies that frequency scan based on carrier detection cannot lead to candidates for synchronization signal carrier frequency even after identifying the center of the carrier. To overcome above challenges, it is more efficient to decouple the channel raster and the synchronization signal frequency raster which is coarser than the channel raster. The synchronization signals and PBCH are transmitted over a frequency defined by the synchronization signal frequency raster. In particular, UE can search for synchronization signals from a known reduced set of frequencies defined by synchronization signal frequency raster. In this contribution, we discuss synchronization signal frequency raster design considerations for both below 6GHz and above 6GHz.
2. 	Synchronization Frequency Raster
2.1. Synchronization frequency raster design considerations
From system design and implementation simplicity perspectives, it is beneficial to keep the subcarriers of synchronization signals to be aligned with the subcarriers of data channel. Hence, we discuss following key considerations when designing the synchronization signal frequency raster.
1. Let us first assume that the center frequency of the NR carrier is fixed. The question is “what is the frequency of the synchronization signals to make it aligned with the subcarriers of data channel?” The answer is that the synchronization signal frequency raster is an integer multiple of data subcarrier spacing.
2. We now fix the frequency of synchronization signals and would like to use any channel raster frequency as the center frequency of the NR carrier. The next question is “what is requirement for the channel raster such that the frequency of synchronization signals can be aligned with subcarriers of data channel?” Its answer is that the channel raster is an integer multiple of data channel subcarrier spacing. Note that LTE channel raster of 100kHz is not multiple of 15kHz.
3. If we would like to have synchronization raster and channel raster to be multiple of subcarrier spacing, the last question to ask is “what is the maximum of data channel subcarrier spacing to be supported?” We envision that the subcarrier spacing can be targeted up to 120kHz for below 6GHz and 240kHz for above 6GHz.
Proposal 1: The frequency of synchronization signals should be aligned with the subcarriers of data channel. More specifically, the following design considerations should be taken into account when designing the synchronization signal frequency raster.
1. The synchronization signal frequency raster is an integer multiple of data subcarrier spacing. 
1. The maximum data subcarrier spacing is 120kHz for below 6GHz and 240kHz for above 6GHz.
2.2. Synchronization signal bandwidth
Below are RAN1-87 agreements on the synchronization signal frequency raster.
Agreements:
· The raster for NR synchronization signals can be different per frequency range. At least for frequency ranges where NR supports a wider carrier bandwidth and operation in a wider frequency spectrum (e.g. above 6 GHz), the NR synchronization signals raster can be larger than the 100 kHz raster of LTE. 
· A joint decision should be made on:
· the supported minimum carrier bandwidth for a NR carrier
· the supported bandwidths of synchronization signals for NR
· the frequency raster for synchronization signals for NR
· the frequency raster for the center of NR carrier (if applicable) 

Based on the agreements, both supported minimum carrier bandwidth and supported synchronization signal bandwidth should be considered when designing the synchronization signal frequency raster. In [1], we discuss our views on bandwidth requirements for NR. More specifically, the NR frequency bands are classified into three categories: 
1. Band category A consists of the below 6GHz frequency bands whose minimum carrier bandwidth is 5MHz
1. Band category B consists of the below 6GHz frequency bands whose minimum carrier bandwidth is 10MHz
1. Band category C consists of the above 6GHz frequency bands whose minimum carrier bandwidth is 80MHz
For below 6GHz frequency bands, the band category A is to handle the NR deployments for the operator with very limited spectrum. In addition, such band classification allows unified synchronization signal design across frequency bands, e.g., identical synchronization sequences for all frequency bands (different synchronization subcarrier spacing depending on band category) [see [1] for details]. For band category B and C, the synchronization signal bandwidth is summarized in Table 1.
[bookmark: _Ref470189493]Table 1: Minimum carrier bandwidth and synchronization signal bandwidth
	Parameter
	Band Category B
	Band Category C

	Minimum carrier bandwidth [MHz]
	10
	80

	Synchronization signal bandwidth [MHz]
	4.32
	34.56



For band category A, we can have the following options:
1. Option A1: Band category A has transmission of synchronization signals whose bandwidth is identical to the synchronization signal bandwidth of band category B e.g., 4.32MHz.
1. Option A2: Band category A has transmission of synchronization signals whose bandwidth is 2.16MHz, e.g., less than the synchronization signal bandwidth of band category B.
1. Option A3: Band category A does not have transmission of synchronization signals. The cells in band category A are secondary cells. This may not always work in the case SCell is from asynchronized source from PCell.
The numerology of the synchronization signals for different frequency bands and design options are provided in Table 2.
[bookmark: _Ref471473691]Table 2: Synchronization signal bandwidth and numerology
	Parameter
	Band Cat A with Option A1
	Band Cat A with Option A2
	Band Cat B
	Band Cat C

	Minimum carrier bandwidth (MHz)
	5
	5
	10
	80

	Synchronization signal bandwidth (MHz)
	4.32
	2.16
	4.32
	34.56

	Sub-carrier spacing (kHz)
	30
	15
	30
	30



2.3. Channel raster and synchronization frequency raster
As discussed previously, it is desirable to keep the center frequency of synchronization signals to be aligned with the subcarriers of data channel. One requirement is that the channel raster is an integer multiple of data channel subcarrier spacing. Note that channel raster consideration as a part of synchronization signal frequency raster design was also agreed in RAN1-87. In particular, we consider one of the following options for the channel raster (CR) for below 6GHz.
1. CR option 1: The channel raster for below 6GHz is 120kHz which is larger than but closest to LTE CR of 100 kHz.
1. CR option 2: The channel raster for below 6GHz is 300kHz which is a subset of LTE CR but is a multiple of the subcarrier spacing of only up to 60 kHz.
On the other hand, the proposed channel raster for above 6GHz is [960 kHz]. 
Proposal 2: The channel raster is either 120kHz or 300kHz for below 6GHz, and [960 kHz] for above 6GHz.

As discussed in Section 2.1, the synchronization frequency 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 () could be upper-bounded by




where is the channel bandwidth discussed in Section 2.2 and 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 1.
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[bookmark: _Ref463008069]Figure 1. Definition of channel bandwidth and transmission bandwidth configuration for one E-UTRA carrier [2]

From UE perspectives, the larger the synchronization signal frequency raster, the lower the initial search latency given no effective frequency scanning is envisioned. For the band category A, we have different synchronization signal frequency raster design for Option A1 and Option A2. In particular, for Option A1, the proposal is to specify particular synchronization signal frequency locations explicitly w.r.t. the actual deployment plan per band and there is no need to define a synchronization signal frequency raster. We expect NR deployment with 5 MHz system BW would be a limited use case which can be handled in this way. Below are other possible options for the synchronization signal frequency raster (SR) for band category A with Option A2 and band category B (refer to Table 3).
1. SR option 1: If the channel raster is 120kHz (CR option 1) for below 6GHz, the synchronization signal frequency raster is 2.28MHz for band category A with Option A2 and 4.68MHz for band category B.
1. SR option 2: If the channel raster is 300kHz (CR option 2) for below 6GHz, the synchronization signal frequency raster is 2.1MHz for band category A with Option A2 and 4.5MHz for band category B.
For band category C, the synchronization signal frequency raster is proposed to be 36MHz. Table 3 provides computation of the synchronization signal frequency raster given in above SR options.
[bookmark: _Ref471474683] Table 3: Synchronization raster computation
	Parameter
	Band Cat A with Option A2 (120kHz CR)
	Band Cat A with Option A2 (300kHz CR)
	Band Cat B (120kHz CR)
	Band Cat B (300kHz CR)

	Minimum carrier bandwidth (MHz)
	5
	10

	Synchronization signal bandwidth (MHz)
	2.16
	4.32

	Upper bound of sync raster (MHz)
	5 - 5*0.1 – 2.16 = 2.34
	10 – 10*0.1 – 4.32 = 4.68

	Synchronization raster 
	19*120kHz = 2.28MHz
	7*300kHz = 2.1MHz
	39*120kHz = 4.68MHz
	15*300kHz = 4.5MHz



Based on above discussions, the following proposal is made:
Proposal 3: The synchronization signal frequency raster is 36MHz for band category C. In addition, the following options for the synchronization signal frequency raster can be considered for band category A with Option A2 and band category B,
1. SR option 1: If the channel raster is 120kHz (CR option 1) for below 6GHz, the synchronization signal frequency raster is 2.28MHz for band category A with Option A2 and 4.68MHz for band category B. 
1. SR option 2: If the channel raster is 300kHz (CR option 2) for below 6GHz, the synchronization signal frequency raster is 2.1MHz for band category A with Option A2 and 4.5MHz for band category B.
Furthermore, if band category A with Option A1 is adopted, a set of synchronization signal frequency locations are specified in the specification and no synchronization signal frequency raster is defined for band category A.
Note that the synchronization signal frequency raster for band category B may be still small for some frequency bands with very wide bandwidth e.g., 5GHz band. For such bands, it may be preferred to have much larger synchronization frequency raster than the synchronization frequency raster for band category B.
Proposal 4: A larger synchronization frequency raster than the synchronization frequency raster for band category B can be considered for the below 6GHz frequency bands with wider bandwidth.
3. 	Conclusion
This contribution presented synchronization raster design for both below 6GHz and above 6GHz. More specifically, it has the following proposals:
Proposal 1: The frequency of synchronization signals should be aligned with the subcarriers of data channel. More specifically, the following design considerations should be taken into account when designing the synchronization signal frequency raster.
1. The synchronization signal frequency raster is an integer multiple of data subcarrier spacing. 
1. The maximum data subcarrier spacing is 120kHz for below 6GHz and 240kHz for above 6GHz.
Proposal 2: The channel raster is either 120kHz or 300kHz for below 6GHz, and [960 kHz] for above 6GHz.
Proposal 3: The synchronization signal frequency raster is 36MHz for band category C. In addition, the following options for the synchronization signal frequency raster can be considered for band category A with Option A2 and band category B,
1. SR option 1: If the channel raster is 120kHz (CR option 1) for below 6GHz, the synchronization signal frequency raster is 2.28MHz for band category A with Option A2 and 4.68MHz for band category B. 
1. SR option 2: If the channel raster is 300kHz (CR option 2) for below 6GHz, the synchronization signal frequency raster is 2.1MHz for band category A with Option A2 and 4.5MHz for band category B.
Furthermore, if band category A with Option A1 is employed, a set of synchronization signal frequency locations are specified in the specification and no synchronization signal frequency raster is defined for band category A.
Proposal 4: A larger synchronization frequency raster than the synchronization frequency raster for band category B can be considered for the below 6GHz frequency bands with wider bandwidth.
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