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1. Introduction
Channel spacing and channel bandwidth should be agreed for LAA. This paper discusses aspects for channel bandwidth and channel spacing for LAA. 
2. Discussion
RAN1#79 agreed [1] that:

•
For LAA design option,


–
Support at least 20MHz system BW option in the 5GHz band


–
System bandwidths < 5 MHz are not considered for PHY layer options in LAA

This excludes the use of LTE channel BW’s 1.4 and 3 MHz.  

5 GHz unlicensed band limits are listed in [7]. Additionally in [3] requirements e.g. for DFS, output power and power control range are defined. It seems that unlicensed band in 5 GHz is mainly divided in 100 MHz and 255 MHz blocks. 

2.1. WLAN channels

WLAN [4] specification defines channel center frequencies as following:

Channel center frequency = Channel starting frequency + 5 nch(MHz) where nch = 1200
Channel starting frequency is 5 GHz. Channel spacing is therefore 5 MHz but for high throughput specification [4] defines only spectrum mask for 20 and 40 MHz channel BW’s. In Annex E there is also 5 and 10 MHz channel bandwidth mentioned for 5 GHz but none of these are used in practice, nor certified [6]. There is new effort to specify 80 and 160 MHz channel BW’s for 5 GHz. 
For WLAN, wider bandwidths are allocated in similar fashion to LTE intraband contiguous CA. By allocating primary channel and secondary channel. In some sources, it maybe mentioned that e.g. channel 36 with center frequency of 5180 can be used for 40 MHz BW. This means that the channel 36 can be aggregated with the channel 40, not that the used frequencies would between 5160 to 5200 MHz. 
Used WLAN channels for lower 5GHz unlicensed band (5150 – 5350 MHz) are shown in Figure 1.
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The fundamental 20 MHz channels are shown in blue. The wider channel usage scenarios are shown in other colors. As explained above, e.g. 40 MHz channel BW is expressed by allocating two adjacent channels. 

Green areas in Figure 1 are not used. This leaves 20 and 15 MHz guard bands between the occupied bandwidth edge and ulicensed allocation edge. The regulatory emission limits outside the bands are defined as -30 dBm / MHz and WLAN specification only refers to the regulatory requirements. This may be the reason for guardband arrangement inside the allocated frequency band which is different than how licensed bands are allocated. [5] would allow bigger emissions than -30 dBm / MHz outside operating band which are caused by modulation. Similar situation is also in the upper 5 GHz band 5470 to 5725 MHz as shown in Figure 2. 
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To be noted also that used channels seem to vary from country to country [6].

Observation 1: WLAN allocation of used channels in 5GHz unlicensed band leaves unused guard bands inside operating band
Observation 2: Even channel spacing according to regulatory requirements is 5 MHz, WLAN seems to implement only 20 MHz spacing 
2.2. LBT consideration
Mandatory listen before transmit feature (LBT) requires the transmitting radio device to listen the channel before transmitting. The detailed procedure in still under discussion in other RAN’s.
LBT is needed in order to fairly co-exist with radio systems of same and different type in unlicensed band.

Few possible co-existence channel allocation scenarios with 5 MHz channel spacing but with 20 MHz channel bandwidth are depicted in Figure 3. Issue is more complex if also other than 20 MHz channel bandwidths are considered. 

If we consider case C in Figure 3, the LBT measurement procedure will detect part of the overlapping aggressor signal. The result of clear channel measurement, is channel free or occupied, depends on the set threshold power level and the accuracy and selectivity of the measurement device i.e. receiver. Including handling of partial overlap scenarios in to the LBT procedures will increase the complexity. Also, definition of clear channel in the case of partial overlap is not clear. The receiver may detect the channel to be clear if there is a small overlap and decide to transmit and therefore blocking part of the other transmission. It is not clear how this will impact the victim transmission success. 
Observation 3: While discussing channel bandwidth and channel spacing, RAN4 needs to consider impact to LBT procedure if partial overlap between channel allocations is enabled
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2.3. Consideration of harmonizing channel arrangement between WLAN and LAA

It seems that adopting WLAN channel arrangement to LAA would be straight forward solution. This would simplify the LBT definition and channel arrangement in the majority of the unlicensed 5 GHz band. It also would benefit WLAN operation as handling partial overlap is not designed in to WLAN systems and LAA needs to co-exist fairly with WLAN in the unlicensed band.
WLAN does not use < 20 MHz channel BW’s and all the higher channel BW’s are divisible by 20 MHz. 20 MHz should be the defined bandwidth at least for the majority of the operating band for LAA. Introducing smaller channel spacing and BW should be done very carefully and should comply with WLAN channel usage.
The guard bands in the edges of the unlicensed allocation may need smaller bandwidth channels to fill the gaps.

Observation 4: Harmonising LAA channel bandwidth and channels spacing with WLAN would benefit both systems 
Observation 5: Channel bandwidth and spacing especially in the edges of the 5GHz unlicensed allocation will need further studies in RAN4
3. Conclusion
WLAN channel spacing and channel bandwidth was discussed. Four observations were made:
Observation 1: WLAN allocation of used channels in 5GHz unlicensed band leaves unused guard bands inside operating band

Observation 2: Even channel spacing according to regulatory requirements is 5 MHz, WLAN seems to implement only 20 MHz spacing 
Observation 3: While discussing channel bandwidth and channel spacing, RAN4 needs to consider impact to LBT procedure if partial overlap between channel allocations is enabled

Observation 4: Harmonising LAA channel bandwidth and channels spacing with WLAN would benefit both systems 
Observation 5: Channel bandwidth and spacing especially in the edges of the 5GHz unlicensed allocation will need further studies in RAN4
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Figure � SEQ Figure \* ARABIC �1� WiFi channels and frequency allocation boundaries in lower 5GHz 





Figure � SEQ Figure \* ARABIC �2� WiFi channels and allocation boundaries in upper 5 GHz





Figure � SEQ Figure \* ARABIC �3� Possible locations of two un co-ordinated radio transmissions with 5 MHz channel spacing
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