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1.	Introduction
The WI proposal on Further NB-IoT enhancements was agreed in RAN#73 [1]. One of the objectives of the WI is to specify necessary support (appropriate eNB classes) for NB-IoT to be used in microcell, picocell, and femtocell deployments. The proposals on reference sensitivity, receiver dynamic range and ACS/in-band blocking requirements for microcell NB-IoT BS were agreed in RAN4#83 [2-4], and it was agreed that no simulation is required for REFSENS and blocking for picocell for all the three NB-IoT operations [5].
This contribution provides proposals on the receiver requirements for picocell NB-IoT BS in the RAN4 specifications, focusing on the requirements that are currently specified depending on the BS class. For the requirements that are currently specified agnostic to the BS class, it is proposed to adopt the macrocell NB-IoT BS requirements to the picocell NB-IoT BS.

2.	Discussion
[bookmark: _Toc336211415]The proposals to specify the picocell NB-IoT BS receiver requirements are provided below.

2.1	Reference sensitivity level
This is a measure of the receiver ability to receive a wanted signal with low signal and noise levels, mainly to verify the BS noise figure.
It was agreed in RAN4#83 with support of simulation results [2] to specify the reference sensitivity requirement of medium range NB-IoT BS with 5 dB relaxation comparing to the wide area NB-IoT BS, which is the same relaxation comparing the reference sensitivity requirements of medium range E-UTRA BS and wide area E-UTRA BS. Similarly, it is proposed to specify the reference sensitivity requirement of local area NB-IoT BS with 8 dB relaxation comparing to the wide area NB-IoT BS, which is the same relaxation comparing the reference sensitivity requirements of local area E-UTRA BS and wide area E-UTRA BS.

2.2	Dynamic range
This is a measure of the receiver ability to receive high throughput also in the presence of increased interference and high wanted signal levels, mainly to verify the effects of receiver impairments such as receiver EVM at high signal levels.
It was agreed in RAN4#83 with support of simulation results [3] adopt the receiver dynamic range of 20 dB (i.e. the same as wide area NB-IoT BS) for medium range NB-IoT BS, and specifying the corresponding requirement with the wanted and interfering signals increased by 5 dB comparing to the wide area NB-IoT BS, considering the 5 dB relaxation comparing the reference sensitivity requirements of medium range E-UTRA BS and wide area E-UTRA BS.
It is proposed above to specify the reference sensitivity requirement of local area NB-IoT BS with 8 dB relaxation comparing to the wide area NB-IoT BS. Similarly, it is proposed to specify the dynamic range requirement of local area NB-IoT BS with the wanted and interfering signals increased by 8 dB comparing to the wide area NB-IoT BS, considering the proposed 8 dB relaxation comparing the reference sensitivity requirements of local area NB-IoT BS and wide area NB-IoT BS.

2.3	In-channel selectivity
This is a measure of the receiver ability to receive a wanted signal at its assigned resource block locations in the presence of an interfering signal received at a larger power spectral density, mainly to verify the BS RF impairments of RX image leakage, EVM, IMD3 and LO phase noise, as well as the BS baseband filter implementation.
It is proposed above to specify the reference sensitivity requirement of local area NB-IoT BS with 8 dB relaxation comparing to the wide area NB-IoT BS. Similarly, it is proposed to specify the in-channel selectivity requirement of local area NB-IoT BS with the wanted and interfering signals increased by 8 dB comparing to the wide area NB-IoT BS, considering the proposed 8 dB relaxation comparing the reference sensitivity requirements of local area NB-IoT BS and wide area NB-IoT BS.

2.4	Adjacent Channel Selectivity (ACS)
This is a measure of the receiver ability to receive a wanted signal at its assigned channel frequency in the presence of an adjacent channel signal at a given frequency offset from the center frequency of the assigned channel, mainly to verify the BS RF impairments of filter selectivity. The interfering signal for E-UTRA BS ACS requirement is a 5 MHz E-UTRA carrier independent of the E-UTRA channel bandwidth (1.4 and 3MHz E-UTRA carrier for 1.4 and 3MHz channel bandwidth, respectively), with minimum centre frequency offset of the interfering signal to the band edge of a victim system equal to 2.5MHz (700kHz and 1.5MHz for 1.4 and 3MHz channel bandwidth, respectively).
It was agreed in RAN4#83 [4] to adopt the ACS interfering signal level of -47 dBm (i.e. the same as medium range E-UTRA BS) for microcell NB-IoT BS, and specifying the corresponding requirement with the wanted and interfering signals increased by 5 dB comparing to the wide area NB-IoT BS, considering the 5 dB relaxation comparing the reference sensitivity requirements of medium range E-UTRA BS and wide area E-UTRA BS.
It is proposed above to specify the reference sensitivity requirement of local area NB-IoT BS with 8 dB relaxation comparing to the wide area NB-IoT BS. Similarly, it is proposed to specify the ACS requirement of local area NB-IoT BS with the wanted and interfering signals increased by 8 dB comparing to the wide area NB-IoT BS, considering the proposed 8 dB relaxation comparing the reference sensitivity requirements of local area NB-IoT BS and wide area NB-IoT BS.

2.5	Narrow-band blocking
This is a measure of the receiver ability to receive a wanted signal at its assigned channel frequency in the presence of an adjacent narrow-band channel signal at a given frequency offset from the center frequency of the assigned channel, mainly to verify the BS RF impairments of filter selectivity and LO phase noise. The interfering signal for E-UTRA BS narrow-band blocking requirement is single resource block transmission from an adjacent E-UTRA system.
It is proposed above to specify the reference sensitivity requirement of local area NB-IoT BS with 8 dB relaxation comparing to the wide area NB-IoT BS. Similarly, it is proposed to specify the narrow-band blocking requirement of local area NB-IoT BS with the wanted and interfering signals increased by 8 dB comparing to the wide area NB-IoT BS, considering the proposed 8 dB relaxation comparing the reference sensitivity requirements of local area NB-IoT BS and wide area NB-IoT BS.

2.5	In-band blocking
This is a measure of the receiver ability to receive a wanted signal at its assigned channel frequency in the presence of an unwanted interferer on frequencies other than those ”close-in” to the wanted channel, mainly to verify the BS RF impairments of filter selectivity. The interfering signal for E-UTRA BS in-band blocking requirement is 1.4MHz, 3MHz or 5MHz E-UTRA carrier.
It was agreed in RAN4#83 [4] to adopt the in-band blocking signal level of -38 dBm (i.e. the same as medium range E-UTRA BS) for microcell NB-IoT BS, and specifying the corresponding requirement with the wanted and interfering signals increased by 5 dB comparing to the wide area NB-IoT BS, considering the 5 dB relaxation comparing the reference sensitivity requirements of medium range E-UTRA BS and wide area E-UTRA BS.
It is proposed above to specify the reference sensitivity requirement of local area NB-IoT BS with 8 dB relaxation comparing to the wide area NB-IoT BS. Similarly, it is proposed to specify the in-band blocking requirement of local area NB-IoT BS with the wanted and interfering signals increased by 8 dB comparing to the wide area NB-IoT BS, considering the proposed 8 dB relaxation comparing the reference sensitivity requirements of local area NB-IoT BS and wide area NB-IoT BS.

2.6	Out-of-band blocking
This is a measure of the receiver ability to receive a wanted signal at its assigned channel frequency in the presence of an unwanted interferer on frequencies other than those ”close-in” to the wanted channel, mainly to verify the BS RF filter implementation. The interfering signal for E-UTRA BS out-of-band blocking requirement is -15 dBm CW signal for all BS classes. Therefore, it is proposed to specify the same out-of-band blocking requirement as the wide area NB-IoT BS for the local area NB-IoT BS.

2.7	Co-location with other base stations
This optional requirement aims to protect the receiver when other BS operating in a different frequency band are co-located with a BS, mainly to verify the BS RF filter implementation. For local area E-UTRA or MSR BS, a blocking interferer level of -6 dBm is derived based on a 24 dBm BS power and 30 dB MCL [6], and applied for all co-location cases, including co-location with GSM/EDGE. Therefore, it is proposed to use the same -6 dBm interfering signal power level as the local area E-UTRA or MSR BS for the local area NB-IoT BS co-location blocking requirement.

2.8	Receiver spurious emissions
The spurious emissions power is the power of emissions generated or amplified in a receiver that appear at the BS receiver antenna connector. This is mainly a measure of the receiver ability to suppress generation or amplification of emissions that appear at the BS receiver antenna connector. This requirement is specified agnostic to the BS class, hence it is proposed to apply the wide area NB-IoT BS receiver spurious emissions requirement also to local area NB-IoT BS.

2.9	Receiver intermodulation
This is a measure of the receiver ability to receive a wanted signal at its assigned channel frequency in the presence of two interfering signals which have a specific frequency relationship to the wanted signal, mainly to verify the BS RF impairment of IMD3. The interfering signals for E-UTRA BS intermodulation performance requirement are CW and 5MHz E-UTRA signal.
It is proposed above to specify the reference sensitivity requirement of local area NB-IoT BS with 8 dB relaxation comparing to the wide area NB-IoT BS. Similarly, it is proposed to specify the receiver intermodulation requirement of local area NB-IoT BS with the wanted and interfering signals increased by 8 dB comparing to the wide area NB-IoT BS, considering the proposed 8 dB relaxation comparing the reference sensitivity requirements of local area NB-IoT BS and wide area NB-IoT BS, and the offsets between the interfering signal centre frequencies and the nominal band edge of the wanted carrier can also be reused to make the intermodulation products fall (almost) on the edge resource blocks of an operating channel bandwidth.

2.10	Receiver narrowband intermodulation
This is a measure of the receiver ability to receive a wanted signal at its assigned channel frequency in the presence of two narrowband interfering signals which have a specific frequency relationship to the wanted signal, mainly to verify the BS RF impairment of IMD3. The interfering signals for E-UTRA BS intermodulation performance requirement are CW and single resource block transmission from an adjacent E-UTRA system.
It is proposed above to specify the reference sensitivity requirement of local area NB-IoT BS with 8 dB relaxation comparing to the wide area NB-IoT BS. Similarly, it is proposed to specify the receiver narrowband intermodulation requirement of local area NB-IoT BS with the wanted and interfering signals increased by 8 dB comparing to the wide area NB-IoT BS, considering the proposed 8 dB relaxation comparing the reference sensitivity requirements of local area NB-IoT BS and wide area NB-IoT BS, and the offsets between the interfering signal centre frequencies and the nominal band edge of the wanted carrier can also be reused to make the intermodulation products fall (almost) on the edge resource blocks of an operating channel bandwidth.

3.	Conclusion and proposals
This contribution has provided proposals on the receiver requirements for picocell NB-IoT BS in the RAN4 specifications.
Proposals:
1)	To specify the reference sensitivity requirement of local area NB-IoT BS with 8 dB relaxation comparing to the wide area NB-IoT BS.
2)	To specify the dynamic range requirement of local area NB-IoT BS with the wanted and interfering signals increased by 8 dB comparing to the wide area NB-IoT BS.
3)	To specify the in-channel selectivity requirement of local area NB-IoT BS with the wanted and interfering signals increased by 8 dB comparing to the wide area NB-IoT BS.
4)	To specify the ACS requirement of local area NB-IoT BS with the wanted and interfering signals increased by 8 dB comparing to the wide area NB-IoT BS.
5)	To specify the narrow-band blocking requirement of local area NB-IoT BS with the wanted and interfering signals increased by 8 dB comparing to the wide area NB-IoT BS.
6)	To specify the in-band blocking requirement of local area NB-IoT BS with the wanted and interfering signals increased by 8 dB comparing to the wide area NB-IoT BS.
7)	To specify the same out-of-band blocking requirement as the wide area NB-IoT BS for the local area NB-IoT BS.
8)	To use the same -6 dBm interfering signal power level as the local area E-UTRA or MSR BS for the local area NB-IoT BS co-location blocking requirement.
9)	To apply the wide area NB-IoT BS receiver spurious emissions requirement also to local area NB-IoT BS.
10)	To specify the receiver intermodulation requirement of local area NB-IoT BS with the wanted and interfering signals increased by 8 dB comparing to the wide area NB-IoT BS, and the offsets between the interfering signal centre frequencies and the nominal band edge of the wanted carrier can also be reused.
11)	To specify the receiver narrowband intermodulation requirement of local area NB-IoT BS with the wanted and interfering signals increased by 8 dB comparing to the wide area NB-IoT BS, and the offsets between the interfering signal centre frequencies and the nominal band edge of the wanted carrier can also be reused.
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