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Introduction
A study item [1] for the in-device coexistence issue analysis has been approved in the RAN plenary. The severe degradation in performance of LTE and ISM due to in-device interference has been established in many other contributions [2], [3], [4], [5]. An earlier liaison document [6] from RAN4 to RAN2 had also addressed the same issue. The rationale for this activity is that the ISM band (2.4-2.48 GHz) is close to Band 40 (2.3-2.4 GHz intended for LTE TDD) and also Band 7 (2.5-2.6 GHz for LTE UL).
The activity so far has been focused on the coexistence within the User Equipment of LTE and 2.4 GHz ISM band, as a result of the proliferation of User Equipments that include both a ISM radio (i.e. Wi-Fi) and a HSPA radio, a trend that will naturally will extend to LTE devices.
This contribution proposes to expand the scope of the Study Item to include Home Base Stations as a particular case of in-device coexistence, and taking into account the 5 GHz ISM band. The rationale for this proposal is that the interference scenarios are very similar to those expected in a User Equipment, and at the same time some Home Base Station manufacturers are expected to provide dual Wi-Fi / HSPA equipment in a short time, thus in the next future dual Wi-Fi / LTE Home Base Stations should also be available and severe interference between both radio interfaces will be possible.
The coexistence scenarios from the point of view of LTE can be categorized into the following scenarios:
· Scenario 1. Home Base Station LTE RAT receiver (LTE Band 40 and LTE Uplink Band 7) experiencing interference from 2.4 GHz ISM band.
LTE Uplink Band 7 (2500 – 2570 MHz) and LTE TDD Band 40 (2300 – 2400 MHz) can be easily desensitized from the emissions of a 2.4 GHz ISM transmitter (2400 – 2484.5 MHz) co-located within the same Home BS, in particular an LTE TDD Band 40 receiver will be affected from Wi-Fi channel 1 emissions (centred around 2412 MHz), and an LTE Uplink Band 7 receiver will be affected from Wi-Fi channel 13 emissions (centred around 2472 MHz). In both cases, the problem will arise from the limited selectivity of the bandpass filter (or duplexer) placed before the LTE receiver’s low noise amplifier. Taking into account current FBAR or SAW filter technology, and filter centre frequency inaccuracies due to temperature and the manufacturing process, an LTE TDD Band 40 receiver filter can expect to reject Wi-Fi channel 1 less than 5-10 dB, and also an LTE Uplink Band 7 receiver filter can expect to reject Wi-Fi channel 13 less than 5-10 dB. Provided the maximum output power specified for WLAN in the 2.4 GHz band, 20 dBm, and a conservative Minimum Coupling Loss (MCL) between the ISM transmitter and the LTE receiver of 30 dB, the LTE low noise amplifier can experience an interference power of about -15 / -20 dBm, which will make the full LTE band 40 and LTE Uplink Band 7 completely inoperative.
· Scenario 2. Home Base Station 2.4 GHz ISM Band receiver experiencing interference from LTE Band 40. LTE
LTE TDD Band 40 (2300 – 2400 MHz) can easily desensitize the 2.4 GHz ISM receiver (2400 – 2484.5 MHz) co-located within the same Home BS, in particular when  LTE TDD Band 40 transmitter makes use of the frequencies closer to 2400 MHz. Like in Scenario 1, the problem will arise from the limited selectivity of the band pass filter placed before the Wi-Fi receiver’s low noise amplifier.
· Scenario 3. Home Base Station 2.4 GHz ISM Band receiver experiencing interference from LTE Uplink Band 7. LTE.
LTE FDD DL Band 7 (2620 – 2690 MHz) is far enough from the 2.4 GHz band (2400 – 2484.5 MHz) and thus is reasonably easy to prevent any desensitization of the Wi-Fi receiver by means of a simple band pass filter.
· Scenario 4. Home Base Station 5 GHz ISM Band receiver experiencing interference from the second harmonic of LTE Uplink Band 7. LTE
The second harmonic of the LTE Downlink Band 7 emission (5240 – 5380 MHz) can desensitize the receiver of a Wi-Fi device operating in the 5150 – 5350 ISM band when they are co-located within the same Home BS. 3GPP TS 36.104 “E-UTRA Base Station radio transmission and reception” does not provide any special transmission spurious requirements in the ISM bands (see Section 6.6 Unwanted emissions”. For example, the general spurious limits of TS 36.104, table 6.6.4.1.2.1-1: “BS Spurious emissions limits, Category B” can be applied, that specifies a maximum spurious level of -30 dBm in a 1 MHz bandwidth from 1 GHz to 12.75 GHz. LTE spurious emissions can be applied to scenarios 3 and 4 too, but the situation described in scenario 4 is potentially more negative, as the second harmonic of the LTE Downlink Band 7 is probably the strongest spurious that a transmitter can generate.
For example, if a femtonode transmits 14 dBm in the LTE Downlink Band 7, and it attenuates its second harmonic 50 dB, the spurious emission in the 5 GHz band will be -36 dBm (in a 20 MHz bandwidth if LTE makes use of 20 MHz); this spurious emission is well below the specification, but it can still desensitize the Wi_Fi receiver. Taking into account a conservative MCL between the LTE transmitter and the ISM receiver of 30 dB, the Wi-Fi low noise amplifier can experience an interference power of about --66 dBm, which will reduce the sensitivity of the WiFi receiver. The IEEE 802.11n [7] specification, specifies a receiver sensitivity of -64 to -66 dBm for 64 QAM modulations, and of -74 to -70 dBm for 16 QAM modulations (see section 20.3.22.1 Receiver minimum input sensitivity), can can be clearly degraded in the presence of a -66 dBm spurious.


Proposed Solutions
 Solutions for scenario 1
Scenario 1 is potentially catastrophic for LTE band 7 uplink operation in a femtonode co-located with a 2.4 GHz Access Point. Three possible solutions can be implemented:
1. Disable the 2.4 GHz Wi-Fi transmitter when the LTE femtonode is in operation. This can be hardly applied, as simultaneous LTE and Wi-Fi operation should be common in a home environment.
2. Disable the use of the upper 2.4 GHz Wi-Fi channels. The number of upper channels to be disabled and the rejection characteristics of the LTE uplink receiver are an item for further study, taking into account the limited number of channels in the 2.4 GHz ISM band and the possibility of implementing a low cost filter for the LTE UL band 7.
3. Do not use the 2.4 GHz band in a dual Wi-Fi / LTE femtonode, and restrict the operation to the 5 GHz  ISM band.
Solutions for scenario 2
Scenario 2 can disable the operation of a Wi-Fi access point co-located with a LTE Band 40 femtonode. Three possible solutions can be implemented:
1. Disable the LTE femtonode when the 2.4 GHz Wi-Fi access point is in operation. This can be hardly applied, as simultaneous LTE and Wi-Fi operation should be common in a home environment.
2. Disable the use of the upper LTE Band 40 channels. The number of upper channels to be disabled and the rejection characteristics of the Wi-Fi uplink receiver are an item for further study, taking into account the limited number of channels in the LTE Band 40 band and the possibility of implementing a low cost filter for the 2.4 GHz band.
3. Do not use the 2.4 GHz band in a dual Wi-Fi / LTE femtonode, and restrict the operation to the 5 GHz  ISM band.
Solutions for scenario 3
Scenario 3 is not particularly demanding, thanks to the high separation between the LTE band 7 downlink and the 2.4 GHz ISM band. The only possible source of problems is the spurious emissions from the LTE transmitter, that is covered with more detail in the next paragraph.
Solutions for scenario 4
As it has been proposed in 2.1 and 2.2, a solution for avoiding interference problems between the Wi-Fi and the LTE sections of a dual Wi-Fi femtonode is not using the 2.4 GHz band and restricting the Wi-Fi access point section to operate only in the 5 GHz band.
In this case, the main concern is the spurious emissions of the LTE band 7 transmitter, and in particular the second harmonic of the LTE signal. The solution for this problem is to specify a more restrictive spurious limit for the 5 GHz band, to be included in TS 36.104, taking into account IEEE 802.11n receiver sensitivity requirements, harmonic generation and rejection in low cost transmitters, and typical coupling losses between very close LTE and Wi-Fi transceivers. The specification of this spurious limit is for further study.
Conclusion
This contribution proposes to expand the scope of the Study Item to include Home Base Stations as a particular case of in-device coexistence, and taking into account not only the 2.4 GHz but also the 5 GHz ISM band. The conclusion of this contribution is that there can be severe interference problems in dual Wi-Fi / LTE femtonodes, that can be minimized if Wi-Fi is restricted to operate in the 5 GHz band and LTE reduces its potential spurious emissions in that frequency band.
It must be highlighted that, although Wi-Fi spurious emissions specifications are out of the scope of 3GPP, Wi-Fi spurious can also desensitize the LTE receiver, even in the case Wi-Fi is restricted to operate in the 5 GHz band. In this case, both ETSI and ITU-R [8] specify a maximum spurious level of -30 dBm in the band occupied by LTE, which can be detrimental for the UL LTE receiver, so it is recommendable to proceed to some coordination with ITU-R or ETSI for the specification of ISM devices spurious emissions in the LTE bands.
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