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1 Introduction
New Study item on Licensed-Assisted Access using LTE (LAA) was agreed in RAN#65 and RAN4 related work is planned to be started from RAN4#74 meeting [1]. As discussed in [2], potential band plan should be one of the issues to be studied during SI stage. This contribution provides initial consideration on defining operating band(s) for LAA.
2 Discussion

2.1 Issues related to defining operating band(s) for LAA
2.1.1 Spectrum in 5GHz
Spectrum allocated for un-licensed application around the world is slightly different from region to region. For example, in Europe, the 5150-5350 MHz and the 5470-5725 MHz bands are defined as the broadband radio access networks (BRAN) bands where the wireless access systems (WAS) including RLAN equipment are operating in. And the 5725-5875 MHz band (in the BRAN domain) is used by the fixed wireless access (FWA) networks and finally the intelligent transport systems (ITS) utilize the 5855-5925 MHz band. Figure 2.1.1-1 shows the 5GHz spectrum allocated in Europe.
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Figure 2.1.1-1: 5 GHz spectrum allocations in Europe.
In USA the use of unlicensed 5 GHz spectrum is governed by FCC part 15 regulations. U-NII-x bands in Figure 2.1.1-2 denote frequency bands for Unlicensed National Information Infrastructure devices usage.
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Figure 2.1.1-2: Summary of existing and proposed new FCC part 15 rules for 5GHz unlicensed spectrum usage
It is noted that Dynamic Frequency Selection (DFS, or radar avoidance) is mandated for U-NII-2A and U-NII-2C by FCC.

The EIRP limitations and spurious emission regulatory requirements are also different in different regions. For example, Table 2.1.1-1 lists the comparison of spurious emissions limitations in some region/countries. It can be seen that the limitations could be quite different even for a same sub-band.
Table 2.1.1-1: Spurious emissions comparison in different regions
	
	China 
	EU 
	US 

	Maximum power (EIRP) 
	33dBm 
	33dBm/10MHz 

36dBm/20MHz 
	36dBm 

	Maximum power spectral density 
	19dBm/MHz 
	23dBm/MHz 
	　

	Spurious emissions
	5725-5850MHz:
-33dBm/100kHz (corresponding to outside 2.5*channel bandwidth) 
	- 
	- 

	
	≤5725MHz or ≥5850MHz:

≤-80dBm/Hz 
	1-5.725GHz: -30dBm/MHz

5.875-26.5GHz: -30dBm 
	5.715-5.725GHz:-17dBm/MHz 

5.825-5.835GHz:-17dBm/MHz 

	
	30-1000MHz: -36dBm/100KHz 

1-2483.5MHz: -30dBm/MHz 
	0.862-1GHz: -36dBm/100kHz 

1-5.725 GHz: -30dBm/MHz 
	Outside 5.715-5.835GHz:
-27dBm/MHz 

	
	2400-2483.5MHz: 
≤-40dBm/1MHz

3400-3530MHz: 
≤-40dBm/1MHz 
	
	


When we define the operating band(s) for LAA, the spectrum allocated around the world for 5GHz and corresponding limitations/requirements must be taken into account. 
2.1.2 Implementation consideration

Market available 5GHz PA is designed specifically to WiFi application. It is well known that the spectrum mask of WiFi is relaxed compared to that of LTE Local Area BS. The measured equivalent ACLR of WiFi PA for a 20MHz signal is around 40dBc, which is much worse than LTE. The noise floor is almost flat for a WiFi PA in the whole frequency range of 5GHz. With an assumption of 20dBm output WiFi using a single whole band filter, the spurious emission at 5725-5850MHz is about -20dBm/20MHz or -33dBm/MHz even WiFi transmits at 5150-5250MHz, which is in line with the measurement result. The capability of 5GHz PA should be considered in the band plan analysis for LAA.
Filter capability is another important factor need to be considered. SAW filters have good rejection capability and are cheaper than FBAR or BAW filters, however, they also have some limitations. Above about 1 GHz, their selectivity declines, and at about 2.5 GHz their use is limited to applications that have modest performance requirements. For operating band frequency up to 3.5GHz, SAW may be not suitable to be used for filter design. Compared to SAW filter, FBAR or BAW design is far less sensitive to temperature variation even at broad bandwidths, while delivering very low loss and very steep filter skirts. Academic research indicates that, currently, FBAR is limited to operating at frequencies up to ~15GHz. However, the 3dB bandwidth of a FBAR filter is not wide enough at 5GHz. Moreover, the FBAR or BAW filter does not show better performance compared to multi-layer ceramic filter at very high frequencies including 5GHz. 
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Figure 2.1.2-1: Ceramic filter performance at 5GHz
Figure 2.1.2-1 shows the performance of a commercial ceramic filter at 5GHz covering 5150-5850MHz. The ETC in-band insertion loss is about 1.8dB. From the curve we can see that the transition band of the filter is around hundreds Mega Hz, which means if a sub-band filter is implemented specific to 5150-5250MHz for U-NII-1 band, U-NII-2 band (5250-5350MHz) would be the transition band without much rejection at this frequency range. 
Nowadays commercial 802.11ac APs are extensively available in the market, most of them use a single whole band filter covering 5150-5850MHz. For the BS design, it could have two different types of implementation, i.e. standalone LAA BSs and APs, or an equipment integrated both LTE BS and AP. Whether a single whole band filter or several sub-band filters are adopted can be considered as an implementation issue for BS side as BS sometimes can be customized for specific operators. The prerequisite on the choice of the filters is to meet regulatory requirements in all regions. For UE side, if WiFi is implemented by a single whole band filter, due to the rising noise floor caused by the WiFi PA, it may not possible to support WiFi and LAA operation simultaneously. Possibly LAA may share the same front end of WiFi and work in TDM mode. Therefore, LAA can use the same single wide band filer in this case. Certainly, UE can also use separate channels and antennas for WiFi and LAA respectively with sub-band filters, but the cost and power consumption will increase definitely. It is worth noting that the operating band plan could have impact on UE architecture design. It is difficult to combine all U-NII sub-bands filters with a diplexer/quadplexer similar device as U-NII-2A band is adjacent to U-NII-1 band and U-NII-3 band is adjacent to U-NII-2C band. Switches could be used to choose possible defined sub-bands for LAA in operation, but we should keep in mind that the assumption of WiFi is to use a single band filter covering all 5GHz sub-bands.
2.1.3 LBT issue
ETSI mandates the usage of DFS in some sub-bands in 5GHz. Furthermore, a Listen-Before-Talk (LBT) mechanism is requested independently of whether the channel is occupied or not. The LBT threshold for WiFi is -62dBm/20MHz. To guarantee fairly co-existence with WiFi in the same geographic area, same threshold could be assumed for LAA. 
As discussed in above section, a basic assumption considered in this contribution is that most WiFi APs are implemented with a single whole band filter, which is also the fact in the market with millions of such kind of APs supporting 802.11ac in 5GHz. 
Considering the case that an inter-frequency WiFi AP with 20dBm transmitting power is co-located with an LAA BS and the antenna isolation is 30dB. The spurious emission at LAA spectrum is -50dBm, which is higher than the LBT threshold no matter a wide band filter or narrow band filter is adopted by LAA BS. However, if sub-bands are defined and a sub-band filter is used for a 24dBm LAA BS, the spurious emission at WiFi spectrum would be -101dBm/20MHz with 50dB filter rejection, which is lower than the LBT threshold. That means WiFi AP is not aware of the existence of a LAA BS aside it at all, while LAA BS can always perceive the channel is occupied even if the interference is coming from an inter-band WiFi AP. 
The competition of channels is not fair for LAA in such case as long as WiFi uses wide band implementation. Additional space isolation could mitigate the interference, however, the planed deployment cannot be guaranteed by WiFi APs as well as the limitation on using sub-band filters for WiFi.
2.2 Options of operating band(s) for LAA

Two alternatives can be considered on the band plan for LAA:
Alternative 1: A single whole band covering 5150-5825/5850MHz


Pros: 

1) Easier implementation especially for UE side which needs to consider roaming around the world

2) Guarantee fair competition with WiFi in 5GHz

3) Can share front devices with WiFi to reduce the cost

Cons:

1) Easier to be blocked by strong interfering signal in some scenarios
2) Regulatory requirements in some regions may be difficult to comply with (same as WiFi)
Alternative 2: several operating bands covering 5150-5825/5850MHz


Pros:

1) Easier to comply with out of band regulatory requirements
2) Better blocking interference resistance capability


Cons:

1) Complicated implementation with higher cost and power consumption

2) Less competitive capability compared to wide band WiFi due to LBT issue

For alternative 2, only some of the sub-bands to be defined for LAA could also be an option, but the identified problems still exist.
3 Conclusion
Some initial considerations on band plan for LAA are provided in this contribution. Two alternatives are proposed and pros and cons for these two options are discussed as well. The decision on the band plan depends on several aspects as discussed in the contribution, which need further inputs from all interested companies.
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