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1 Introduction

WF on Channel Raster and Synchronisation Raster/SCS for sub 6GHz was agreed in [1]. This contribution further discusses raster issues in RAN4.
For sub 6GHz in LTE bands:
· Option 1: 100KHz
· Option 2: 180KHz
It is agreed to evaluate the pros and cons of both options, in particular:
· The definition of guard band between component carriers and how the channel raster impact to this guard band. 
· Coexistence with adjacent channels, especially in case of refarming.
· Sync raster definition and impact to initial system acquisition.
Down selection should be done between option 1 and 2 in next meeting.
FFS synchronization raster.
2 Discussion

2.1 High level principles
Synchronization signal frequency raster is not explicitly defined for LTE because channel centre frequency is equal to synchronization signal frequency and channel raster is also the synchronization signal frequency raster. However for NR, it is expected to have more SS blocks in one large CBW so it is better to split these two concepts and define them separately. In this section, we discuss some high level principles for these two concepts which must be complied.
Principle 1: Synchronization signal is used for initial cell search of UE, so its raster (or all the potential SS locations) should be specified very explicitly in the specification to determine the UE behaviour. 
Principle 2: If one channel bandwidth includes multiple SS blocks, then the spacing between two SS blocks should be multiple of subcarrier spacing (△Fs =|Fs1-Fs2|=SCS*n).
Principle 3: Regarding the channel raster, it seems more related concept is channel frequency (EARFCN) rather than channel raster specified in LTE. The channel frequency should be specified to:
· Confirm a appropriate frequency to place the system channel bandwidth within the allocated frequency range of the operator;
· Inform UE the UL channel frequency from BS.
Principle 4: The spacing between SS frequency and channel frequency should be multiple of subcarrier spacing to realize orthogonality in one channel (|Fs-Fc|=SCS*n)

In below sections, we discuss how to define SS raster and channel frequency based on above high level principles.
2.2  LTE refarming band
2.2.1 Single carrier

2.2.1.1 180kHz channel raster
Spectrum allocated to the operators is always integer multiple of MHz, for example as per 5MHz block or multiple of 5MHz block. These spectrum blocks are not integer multiple of 180kHz. So limited to 180kHz channel raster, the guard band of the left and right of the channel will not be the same as in Figure 1, i.e. the guard band is asymmetric.
Since the digital filter of the channel is always symmetric, the transition band of the digital filter should be decided by the smaller one between the left and right guard band. That means 180kHz channel raster squeeze the guard band and limit the channel utilization if same out-of-band requirements (SEM and ACLR) are met. For example, the relative bandwidth (pass band /(pass band + transition band)) of the digital filter for CC5 in Figure 1 is actually 2.25/(0.16+2.25)=93.36% compare with the nominal 90% relative bandwidth. It should be further noted that the worst case for each bandwidth is dependent on the band width so may be different for each band.
We assume that asymmetric RB allocation is not an issue because it is very easy to handle with an offset from BB to RF up conversion. So it will not impact filter design, only asymmetric guard band will impact filter design.
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Figure 1 5MHz channel with 180kHz channel raster and adjacent LTE channel
In addition, from Figure 1, we can also observe that even if the NR 5MHz channel (CC5) meets the TX requirements, the adjacent LTE channel (CC4) RX will also be impacted because the interfering RB in NR channel (CC5) is closer than a legacy LTE channel. This will impact legacy LTE performance.
Observation 1: 180kHz channel raster squeeze the guard band and limit the channel utilization which making harder filter design.

Observation 2: Legacy adjacent LTE channel will be impacted because the interfering RB is closer than a legacy LTE channel. 

2.2.1.2 100kHz channel raster
Therefore in LTE refarming band, as legacy systems exist, it is better to reuse LTE channel frequency as NR channel and synchronization signal frequency in order to co-exist with legacy system. This means the SS raster is 100kHz and both channel frequency and SS frequency are multiple of 100kHz like in Figure 2. This can ensure the channel is strictly confined within the spectrum the operator holds.

[image: image3]
Figure 2 5MHz channel with 100kHz channel raster
For new channel bandwidth larger than 20MHz in NR, more than one SS block may be needed. To keep same SS raster in LTE bands, the spacing between two synchronization signal blocks within the channel should be the least common multiple of 100kHz and 180kHz (Principle 2) which is the minimum RB for NR in LTE band as in 错误！未找到引用源。.

[image: image4]
Figure 3 >20MHz channel with 100kHz channel raster and sync raster
2.2.2 Intra-band CA

2.2.2.1 180kHz channel raster
Intra-band CA with 180kHz channel raster share the same cons with single carrier. However, for contiguous CA, it is easy to implement zero guard band. In this section, we assume 107RB in 20MHz and 26RB in 5MHz because these RB numbers is not multiple of 900kHz which may be hard to implement.


[image: image5]
Figure 4 20MHz+5MHz CA with 180kHz channel raster
It can be observed that because there is no guard band between two CCs, the right guard band of the aggregated bandwidth increase which can be reserved for further RB extension for forward compatibility.
However, there will be partial RB allocated in the conjunction of the two carriers as in Figure 5; this partial PRB allocation for each carrier needs RAN1 study which may degrade the performance at the edge of the two carriers.
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Figure 5 Partial RB allocated in the conjunction of the two carriers
Observation 3: Partial PRB allocation in the conjunction of the two carriers will degrade the performance at the edge of the two carriers. This is similar to one PRB guard.
2.2.2.2 100kHz channel raster
For 100kHz channel raster, contiguous CA can be implemented with channel spacing=n*900kHz. Intra-band CA of 20MHz+5MHz with 100kHz channel raster is illustrated as in Figure 6. 

[image: image7]
Figure 6 20MHz+5MHz CA with 100kHz channel raster
It can be observed that with channel spacing=n*900kHz, contiguous RB allocation can be always guaranteed, but zero guard band cannot be always ensured. For some certain RB placements, some blank RBs are needed. 

However, for 25MHz aggregated bandwidth, 10+15MHz is another solution and zero guard band can be guaranteed as in Figure 7.

[image: image8]
Figure 7 10MHz+15MHz CA with 100kHz channel raster
From above figures, we can observe that zero guard band can also be supported for 100kHz channel raster with avoidance of some certain RB placements.
For synchronization raster, 100kHz is also proposed which is the same as LTE. It keeps the same initial cell search complexity with LTE.
Below Table summarize the pros and cons for 100kHz and 180kHz raster based on the discussions and observations above:
Table 1 Comparisons between 180kHz and 100kHz raster
	Channel raster
	180kHz
	100kHz

	Channel Utilization/Filter complexity
	Higher than the nominal value
	Equal to the nominal value

	Co-existence with legacy LTE adjacent system
	Impact on the legacy LTE adjacent system even for same channel utilization and the degradation depends on the margin of the legacy system
	No impact for same channel utilization

	Zero guard band in CA
	Can ensure
	Can ensure with avoidance of some certain RB placements


3 Conclusion

This contribution discusses channel raster for NR and makes some observations:
Observation 1: 180kHz channel raster squeeze the guard band and limit the channel utilization which making harder filter design.

Observation 2: Legacy adjacent LTE channel will be impacted because the interfering RB is closer than a legacy LTE channel. 

Observation 3: Partial PRB allocation in the conjunction of the two carriers will degrade the performance at the edge of the two carriers. This is similar to one PRB guard.
Table 1 Comparisons between 180kHz and 100kHz raster

	Channel raster
	180kHz
	100kHz

	Channel Utilization/Filter complexity
	Higher than the nominal value
	Equal to the nominal value

	Co-existence with legacy LTE adjacent system
	Impact on the legacy LTE adjacent system even for same channel utilization and the degradation depends on the margin of the legacy system
	No impact for same channel utilization

	Zero guard band in CA
	Can ensure
	Can ensure with avoidance of some certain RB placements
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