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1.  Introduction

LAA has been approved as a study item. Following this a discussion about how to do the band definition for the 5GHz LAA range came up in the last RAN4 meeting. This paper discusses the advantages and disadvantages of defining one or more bands for 5GHz LAA.
2.  Implementation of 5GHz LAA
Implementation of a 5GHz LAA receiver requires a 5GHz antenna connected via a filter to a 5GHz RX input on the transceiver. This filter will determine the out-of-band blocking characteristics of the LAA receiver. In case of a TDD band there will be another switch which will connect the antenna either to the RX or to the TX. In that case the filter characteristics will be the same for the RX and the TX. Therefore we need to check what types of filters are available for 5GHz:

· SAW-filters: The maximum frequency for which SAW filters can be designed is in the range of 3GHz. As already for the 3.5GHz bands there is no SAW filter available, SAW filters cannot be used for 5GHz LAA bands

· FBAR-filters: The maximum frequency for which FBAR filters are available is below 4GHz. There are research papers showing 5GHz filters, but there are no filters for 5GHz WLAN commercially available. Due to the commercial non-availability of 5GHz FBAR filters they should not be considered for LAA as it seems that some research is still needed.
· Ceramic Dielectric Resonator Filters: While these filters have reasonable performance, they are usually about 2mm high. This is due to the resonator diameter. However, in a normal mobile phone the height of the components is only allowed to be 1mm or less. Therefore dielectric resonator filters cannot be used in today’s mobile phones and should not be used for the LAA study.

· Ceramic Multi-layer LC filters: These are widely available for a reasonable price and performance. They are well known for WLAN products and in most cases are less than 1mm thick. Therefore this type of filters should be taken into account for the LAA study.
Observation 1: The only available type of filters for 5GHZ LAA in mobile phones are Ceramic multi-layer LC filters

Figure 1 shows a typical transfer curve of a 5GHz Ceramic Multi-Layer LC filter [1]:
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Figure 1: Transfer curve of a 5GHz Ceramic Multi-Layer chip filter
The transfer curve shows an excellent rejection of >50dB for all LTE bands below 2.5GHz. This is essential for aggregating 5GHz with any existing LTE band. So the filter shows exactly the required performance for LAA.
Observation 2: Ceramic multi-layer LC filters show excellent rejection of standard LTE bands to enable CA with an existing LTE band

Additionally it can be seen, that this kind of filters is quite wideband. It can cover the whole frequency range of 5GHz LAA. However, this also means that it cannot deliver rejection of one part of the LAA frequency range from other parts. This is typical for this type of filters. Since there is no selectivity inside the LAA frequency range, the filter cannot suppress interferers or out-of-band emissions inside the LAA frequency range. Therefore for example the lower LAA frequency range at 5.25GHz cannot be protected from the upper LAA frequency range at 5.8GHz or the other way round. The blocking and emissions requirements need to be the same for the whole LAA frequency range and not take filtering into account. 

Observation 3: Ceramic multi-layer LC filters cover the whole LAA frequency range

Observation 4: The blocking and out-of-band emissions requirements in the LAA frequency range need to be the same for all LAA frequencies as there is no filtering between parts of the LAA frequency range available
3.  Regulatory Requirements
Regulatory requirements have been discussed in some contributions in the last RAN4 meeting in Athens. Here are some results:

Output power: Output power has been discussed in [2]. As it can be seen there, the minimum allowed power is 23dBm, which is exactly the LTE UE transmit power of power class 3. However, in some regions there are limits for the power spectral density, in this case the output power needs to be reduced depending on the number of RBs. In case of a downlink only band output power anyway doesn’t matter for the UE. In case LAA is defined as a TDD system, the output power can be specified as the LTE standard power class 3 for the whole LAA frequency range. For the base station the allowed output power varies from region to region inside the same frequency range. Therefore for the BS the maximum allowed output power needs to be determined separately taking into account multiple factors like EARFCN, region, country, etc. It doesn’t make sense to split the LAA band for this reason. 
Out-of-band emissions: OOBE have partially be discussed in [3]. All requirements listed there are more relaxed than the standard LTE requirements. Another indication that the requirements are not that stringent is that WLAN is operating in this frequency range and the WLAN specifications are more relaxed than the LTE requirements. So using the standard LTE requirements for LAA should be ok. Therefore it is not required to split the LAA band for this reason.
Out-of-band blocking: OOBB is nowhere a regulatory requirement. It should is specified in any system (LTE, WLAN) such that the system is working. Since until now WLAN with more relaxed requirements is operating in this frequency range, the standard LTE requirements should be fine for this. Therefore there is no need to define separate requirements for different frequencies and there is no reason to split the band.
Blocking against other systems: There have been discussions if it is required to specify blocking against other systems in the same frequency range like radar. However, as we have seen previously, there are no filters that can reject radar signals, since they let the whole band pass. Therefore it is not possible to specify more stringent requirements against radar signals or other parts of the LAA frequency range. Again, there is no reason to split the band.
In-device Coexistence: In case 5GHz WLAN and LAA are operating in the same device, there is no way to protect the LAA receiver from the WLAN transmitter and in case of TDD the other way round, since there are no filters available that can split the two modes. Therefore it doesn’t make sense to split the LAA band for this reason.

Listen Before Talk (LBT), Dynamic Frequency Selection (DFS): These features are required in some countries of the world, in others not.  While LBT will anyway be required in order not to completely block WLAN, DFS together with radar detection is required depending on the country, the existence of radar and the EARFCN. Since multiple factors are going into this calculation, it doesn’t make sense to split up the band.
Observation 5: There are multiple regulatory and other requirements. None of them requires splitting up the LAA frequency range into multiple bands.
4.  Practical implications in 3GPP and devices
As has been shown before it only makes sense to implement LAA in the UE as a single band using a single filter, a single LNA and a single PA. With the currently available technology it doesn’t seem to be possible to integrate LAA as separate bands into the UE by using four filters with four 5GHz transceiver LNA inputs (or an additional switch with insertion loss) and (in case of TDD) with four different PAs (or an additional switch with insertion loss). There are no filters available to split-up the band like this and if it would be technically feasible, it would add significant cost. Therefore the only option is to implement LAA as a single band in the UE.
Proposal 1: LAA should be implemented in the UE as a single band with a single filter.

Defining separate bands for LAA in 3GPP would result in some other issues:
· If LAA is defined as four separate bands, the device can decide which of the bands to support and which not. So it will be possible to implement only parts of the LAA band. Most likely this is not what operators want.
· It can be expected that in future almost all of the bands will be combined with LAA. If we assume 30 of the bands will be combined with LAA, this would result in 30 new CA combinations. If we would define four bands, this would already be 4 x 30 = 120 new CA band combinations. This is not useful.

· If future it can be expected that 2CA combinations will be combined with LAA to form 3CA combinations. We currently have ~120 2CA combinations specified or as a work item. Combining these with one LAA band means another 120 3CA combinations. However, if we would define 4 LAA bands, this would be 480 (!) new 3CA combinations. This is close to insane. We already see now that some basestations reject a too high number of signaled combinations because they cannot handle the complexity. And already now a band combination is signaled multiple times (for example for different UL frequencies). So 480 band combinations would result in signaling several thousand different items.
· There is no good reason to define four bands as seen above, so it will just add complexity
Proposal 2: LAA should be defined as a single band from 5.15-5.925GHz
5.  Conclusion

In this contribution we discussed advantages and disadvantages of band definitions for LAA at 5GHz. The proposals are summarized below:
Proposal 1: LAA should be implemented in the UE as a single band with a single filter.

Proposal 2: LAA should be defined as a single band from 5.15-5.925GHz
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