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1 Introduction
In this contribution, we discuss frequency raster for the synchronization signal and the system carrier. In RAN1 #87, it was agreed that NR SS raster can be larger than the 100kHz raster of LTE, and 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)

Additionally, according the working assumption, the center frequency for the synchronization signal can be different from the center frequency of the NR carrier. It was left for further study on the relationship between the center frequency of the NR carrier and the center frequency of synchronization signals and encouraged to investigate tradeoff between UE complexity and flexibility.

Based on the agreements from RAN1 #87, we provide Intel’s views on the frequency raster of the synchronization signal and the system carrier.

2 Frequency Raster for Sub 6GHz
Channel Raster
For frequency raster for sub 6GHz, NR cannot simply ignore the frequency raster defined for WCDMA, 200 kHz, and LTE, 100 kHz. This is because enable efficient re-farming of existing bands dedicated for WCDMA and LTE for NR. Furthermore, the frequency raster become very relevant to carrier aggregation design. We first summarize potential issues with 100 kHz channel raster, i.e. system carrier raster, of LTE.
[image: ]
Figure 1
When placing two component carriers adjacent to each other, there exist a small spectral gap, a.k.a. component carrier gap, between two component carriers in LTE due to the placement of the DC subcarrier and frequency raster. Component carrier gap occurs when the frequency gap between two adjacent center frequencies of component carriers is not multiple integer of PRB bandwidth. In the case of LTE, DC subcarrier is not considered as part of the PRB definition. Therefore, the bandwidth between any two center frequencies of the component carrier can be expressed as:

,
where nRB(1) and nRB(2) are number of RBs in component carrier 1 and 2, respectively, and GCC is the spectral gap between two adjacent component carriers. For LTE system bands, nRB can take values from {6, 15, 25, 50, 75, 100}. Therefore, other than two 1.4 MHz component carrier, Gmin of any two component carriers with same bandwidth always results in 15 kHz. This results in component carrier gap, GCC, to be always 285 kHz, which is equivalent to 19 subcarriers.
From the analysis, it is in fact the DC subcarrier not being defined as part of the PRB is the root cause of the spectral gap between component carriers.
For NR, DC subcarrier was agreed to be part of the PRB definition. Therefore does not have this problem. However, the channel frequency raster does play an important role. If the NR channel raster, fraster-NR, satisfy the following equation, there would be zero gap between any two component carriers.


[bookmark: _GoBack]Note that n is the subcarrier spacing modifier for NR. The equation will change dependent on subcarrier spacing. A natural choice of  is 180 kHz, as long as the summation of two number of RBs of two component carrier is even, the equation is guaranteed to be satisfied.
Another aspect to consider when choosing the system carrier raster is the RF PLL implementation. Frequency synthesizers are typically implemented with PLL and raster of the PLL does play an important role in designing it. This becomes especially important for potential dual LTE/NR modems which may need to support both LTE and NR frequency raster.
There are several aspects to consider when selecting the channel raster of NR. Not only number of PRBs in the system bandwidth take a role, implementation aspects must be considered.
Proposal 1: NR channel raster of [100 kHz or 180 kHz] is supported for sub 6 GHz. Down select between 100 kHz and 180 kHz to be done with further analysis.

Synchronization Signal Raster
As shown in [1], it may be possible to have a sparse synchronization signal raster compared to the channel raster if the minimum system bandwidth is determined to be larger than the synchronization signal bandwidth. The increase the SS raster is claimed to potentially reduce the cell search time when the UE is performing a brute force search of all spectrum for NR carrier. However, search brute force search of NR cell will only occur in cold device boot, and even during cold device boot, the device can rely on internal database of detected/deployed NR cells to reduce down the cell search time. 
For cell search during warm boot, IDLE mode, and CONNECTED modes, the UE can always rely on frequencies that it has detected and connected such that cell search does not required to be performed via brute force approach. This efficient method of reducing down cell search procedure only works if the all NR cells that are considered as intra-frequency handover have identical frequency position of the synchronization signals. This was a basic concept used in LTE and we should support in NR to provide quick cell search times.
Proposal 2: UE is only expected to monitor one synchronization signal within the NR component carrier bandwidth, and can assume all NR cells considered as intra-frequency handover have identical frequency position of the synchronization signal.
Assuming that proposal 2 is agreed in RAN1, the benefit of having a sparse raster for synchronization signal compared to the channel raster is quite minimal. In fact, there might be more benefits of making sure the synchronization signal bandwidth is as large as possible to provide better detection performance and larger cell identities for NR. Therefore, we propose to keep the synchronization signal raster to be same as the channel raster.
Proposal 3: NR synchronization signal raster and NR channel raster is defined to be identical for below 6 GHz. This can be revisited if minimum system bandwidth is larger than the synchronization signal bandwidth.


3 Frequency Raster for Above 6GHz
Unlike the sub 6 GHz bands, the frequency raster of above 6 GHz does not have legacy 3GPP systems to factor into account. Therefore, we have the flexibility to select both the channel frequency raster as well as synchronization signal raster.
In general, having the same raster for both channel and synchronization signal will provide the most flexibility in deploying NR systems. With the working assumption of synchronization signal being able to be located in non-central location of the carrier bandwidth, it may be possible to have a sparse synchronization signal raster compared with the channel raster and not lose the flexibility in deploying NR systems [1]. However, this heavily depends on the minimum system bandwidth of the NR and the bandwidth of the synchronization signal.
In case the minimum bandwidth of the NR is identical to the bandwidth of the synchronization signal, having a sparse synchronization signal will heavily impact potential deployment of NR systems for above 6 GHz. Furthermore, synchronization signal bandwidth is typically determined by the minimum system bandwidth, as having larger bandwidth for synchronization signal will improve cross correlation properties of between sequences and improve detection performance. 

Proposal 4: NR synchronization signal raster and NR channel raster is defined to be identical for above 6 GHz. This can be revisited if minimum system bandwidth is larger than the synchronization signal bandwidth.


4 Conclusions
In this contribution, we discussed the various aspects on channel and synchronization signal frequency raster. Our proposals are summarized as below:
Proposal 1: NR channel raster of [100 kHz or 180 kHz] is supported for sub 6 GHz. Down select between 100 kHz and 180 kHz to be done with further analysis.
Proposal 3: NR synchronization signal raster and NR channel raster is defined to be identical for below 6 GHz. This can be revisited if minimum system bandwidth is larger than the synchronization signal bandwidth.
Proposal 4: NR synchronization signal raster and NR channel raster is defined to be identical for above 6 GHz. This can be revisited if minimum system bandwidth is larger than the synchronization signal bandwidth.
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