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1.	Introduction
[bookmark: _Hlk67504958]The revised WI for NR support for dedicated spectrum less than 5MHz for FR1 was approved at TSG RAN#99 [1]. One of the objectives of this WI is to specify necessary RAN4 requirements to support deploying NR in spectrum allocations from approximately 3 MHz up to below 5 MHz, including in bands n100, n106, n26, n28 and n85.
The necessary changes of the BS RF requirements in TS 38.104 for NR support for dedicated spectrum less than 5MHz for FR1 were discussed at TSG RAN4#106 and WF was agreed but there are FFS in some of the changes [2]. This contribution provides further discussion on the FFS changes in the agreed WF and proposals to conclude them.

2.	Conducted requirements
2.1	Base station output power
It is stated in the agreed WF [2]:
	6.2 Base station output power
	FFS the following options:
Option 1: No specification impact
Option 2: For band n100, the additional requirement shall be scaled for 3 MHz to keep PSD constant.



Currently, it is specified in TS 38.104 [3]:
	For band n100 in CEPT countries, Prated,c,AC of the WA BS shall not exceed 51.5 dBm/5MHz + (fDL-922.1) x 40/3 dB, with fDL being the centre frequency in MHz. This limit is derived from ECC Decision(20)02 [21] assuming a 17 dBi maximum antenna gain and 4 dB losses.
NOTE: for more details on the maximum level derivation, refer to TR 38.853 [23].



This is specified according to ECC Decision(20)02 [4]:
	Table 3: Specific in-block requirements for 5.6 MHz and 5 MHz channels
mandatory for uncoordinated deployment
	RMR channel BW
	Maximum e.i.r.p.

	5.6 MHz
	= 62 dBm/5.6 MHz

	5 MHz
	= 64.5 dBm/5 MHz + (fDL – 922.1)×40/3 dB

	fDL is the centre frequency in MHz.
NB-IoT in-band operation mode without power boost is allowed. NB-IoT guard-band operation mode and in-band operation mode with power boost are not allowed.



Table 4: Specific in-block requirements for 1.4 MHz and 200 kHz channels
mandatory for uncoordinated deployment
	RMR channel BW
	Maximum e.i.r.p.

	1.4 MHz
	= 56 dBm/1.4 MHz + (fDL – 920.2)×40/3 dB 
(Note 1)

	200 kHz (Note 2)
	= 70.5 dBm/200 kHz + (fDL – 921)×40/3 dB 
(Note 3)

	fDL is the centre frequency in MHz.
Note 1: Formula applicable to fDL  921.7 MHz. No specific e.i.r.p. restriction above.
Note 2: Applicable to NB-IoT standalone operation mode, which is made of one Resource Block.
Note 3: Formula applicable to fDL  921.0 MHz. No specific e.i.r.p. restriction above.






It can be seen that different PSD are used for different channel bandwidths in ECC/DEC/(20)02:
	RMR channel BW
	5.6 MHz
	5 MHz
	1.4 MHz
	200 kHz

	PSD
	62 dBm/5.6 MHz = 54.5 dBm/MHz
	64.5 dBm/5 MHz = 57.5 dBm/MHz
	56 dBm/1.4 MHz = 54.5 dBm/MHz
	70.5 dBm/200 kHz = 77.5 dBm/MHz



Hence it is not clear what PSD should be used for 3 MHz channel bandwidth, i.e. should 54.5 dBm/MHz or 57.5dBm/MHz or something in the middle be used for 3 MHz channel bandwidth. Therefore, it is proposed to keep the current requirement in TS 38.104 and add an informative note stating that this requirement can be reviewed when the related ECC decision are clearly defined for 3 MHz channel bandwidth.

2.2	Operating band unwanted emissions
It is stated in the agreed WF [2]:
	6.6.4 Operating band unwanted emissions
	A new OBUE mask shall be specified, based on LTE 3 MHz one.
FFS: For band n100, an additional requirement for 3 MHz channel BW should also be added.




Currently, it is specified in TS 38.104 [3]:
	6.6.4.2.5.7	Additional operating band unwanted emissions limits for Band n100
In CEPT countries where ECC Decision(20)02 [21] applies, the emissions of the WA BS shall not exceed the maximum levels specified in table 6.6.4.5.7-1.
Table 6.6.4.2.5.7-1: Additional operating band unwanted emission limits for Band n100
	Frequency offset of measurement filter ‑3dB point, f
	Frequency offset of measurement filter centre frequency, f_offset
	Basic limits (Note)
	Measurement bandwidth

	0 MHz  f < 0.2 MHz
	0.1 MHz  f_offset < 0.3 MHz
	19.5 dBm
	200 kHz

	0.2 MHz  f < 1 MHz
	0.6MHz  f_offset <1.4 MHz
	1 dBm
	800 kHz

	1 MHz  f  10 MHz
	1.5 MHz  f_offset < 10.5 MHz
	-8 dBm
	1 MHz

	NOTE:	The basic limits are derived from ECC Decision(20)02 [21] assuming a 17 dBi maximum antenna gain and 4 dB losses. For more details, refer to TR 38.853 [23]






This is specified according to ECC Decision(20)02 [4]:
	Table 5: Out-of-band requirements
	MHz from
block edge
(919.4-925 MHz)
	e.i.r.p. limit

	0  f < 0.2
	32.5 dBm/200 kHz

	0.2  f < 1
	14 dBm/800 kHz

	1  f < 10
	5 dBm/MHz

	On a case-by-case basis, at a national level, higher OOB limits may be applied.






It can be seen that the out-of-band requirements in ECC/DEC/(20)02 are bandwidth agnostic and thus can be used for 3 MHz channel bandwidth. Therefore, it is proposed to keep the current additional operating band unwanted emissions limits for Band n100 in TS 38.104.

2.3	In-band blocking
It is stated in the agreed WF [2]:
	7.4.2 In-band blocking
	Same requirement limits as other channel bandwidth, but assume different adjacent channel carriers in Table 7.4.2.2-1, Table 7.4.2.2-2 and Table 7.4.2.2-3.
FFS: For band n100, an additional narrow band blocking requirement for 3 MHz channel BW shall also be added.




Currently, it is specified in TS 38.104 [3]:
	[bookmark: _Toc106782868][bookmark: _Toc107311759][bookmark: _Toc107419343][bookmark: _Toc107474970][bookmark: _Toc114255563][bookmark: _Toc115186243][bookmark: _Toc123049057][bookmark: _Toc123051976][bookmark: _Toc123716981][bookmark: _Toc124156889][bookmark: _Toc124265261]7.4.2.5	Additional narrowband blocking requirement for Band n100
The following requirement shall apply to BS operating in Band n100 in CEPT countries. For the wanted and interfering signal coupled to the antenna connector, using the parameters in table 7.4.2.5-1 and 7.4.2.5-2, the throughput shall be ≥ 95 % of the maximum throughput of the reference measurement channel.
Table 7.4.2.5-1: Additional narrowband blocking requirement for RMR BS operating in n100
	BS channel bandwidth of the lowest carrier received (MHz)
	Wanted signal mean power (dBm)
	Interfering signal mean power (dBm)

	5
	PREFSENS + 6 dB
	Wide Area BS: -39 
(Note 2)

	NOTE 1:	PREFSENS depends on the BS channel bandwidth as specified in clause 7.2.2.
NOTE 2: 	Interfering signal mean power level was derived considering an interfering signal with 10% duty cycle. For more details, refer to TR 38.853 [23].



Table 7.4.2.5-2: Interferer frequency for additional narrowband blocking requirement for RMR BS operating in n100
	BS channel bandwidth of the lowest carrier received (MHz)
	Interfering RB centre frequency 
(Note 2)
	Type of interfering signal

	5
	874.4 MHz - (350 kHz +m*180 kHz), m=0, 1, 2, 3, 4, 9, 14, 19
	5 MHz DFT-s-OFDM NR signal, 15 kHz SCS, 1 RB 

	NOTE 1:	Interfering signal consisting of one resource block positioned at the stated frequency, the channel bandwidth of the interfering signal is located adjacently to the lower UL operating band edge. 
NOTE 2:	The centre of the interfering RB refers to the frequency location between the two central subcarriers.






This is specified according to ECC Decision(20)02 [4]:
	Table 7: Requirements on wideband RMR BS receiver characteristics
	Parameter
	Value

	Level of the wanted signal
	RefSens + 3 dB

	Maximum interfering signal in 870-874.4 MHz (Note 1)
	-34 dBm

	The antenna connector of the radio module is the reference point. The reference sensitivity (RefSens) is the minimum mean power received at the antenna connector at which a specified minimum performance shall be met.
These requirements cover both blocking and third-order intermodulation.
Note 1: It is up to ETSI to define a relevant interfering signal against which the conformity test will be performed. In this Decision, CEPT considered a bandwidth of 200 kHz for the interfering signal.






It can be seen that the receiver requirements in ECC/DEC/(20)02 are bandwidth agnostic and the channel bandwidth of the interfering signal is not defined, while the channel bandwidths of both wanted and interfering signals are defined in TS 38.104. Currently, the additional narrowband blocking requirement for Band n100 is only specified for 5 MHz channel bandwidth in TS 38.104. Therefore, it is proposed that for band n100, an additional narrow band blocking requirement for 3 MHz channel bandwidth shall also be added.

2.4	Receiver intermodulation
It is stated in the agreed WF [2]:
	7.7 Receiver intermodulation
	Same requirement limits as other channel bandwidth, but assume different adjacent channel carriers in Table 7.7.2-2 and Table 7.7.2-4.
FFS: For band n100, an additional narrowband intermodulation requirement for 3 MHz channel BW shall also be added.



Currently, it is specified in TS 38.104 [3]:
	7.7.3	Additional narrowband intermodulation requirement for Band n100
The following requirement shall apply to BS operating in Band n100 in CEPT countries. The throughput shall be ≥ 95% of the maximum throughput of the reference measurement channel, with a wanted signal at the assigned channel frequency and two interfering signals coupled to the BS type 1-C antenna connector operating in Band n100, with the conditions specified in tables 7.7.3-1 and 7.7.3-2 for narrowband intermodulation performance. The reference measurement channel for the wanted signal is identified in table 7.2.2-1 and further specified in annex A.1. The characteristics of the interfering signal is further specified in annex D. 
The receiver intermodulation requirement is applicable outside the Base Station RF Bandwidth. The interfering signal offset is defined relative to the Base Station RF Bandwidth edges.
Table 7.7.3-1: Additional narrowband intermodulation requirement for RMR BS operating in n100
	Wanted signal mean power (dBm)
	Interfering signal mean power (dBm)
	Type of interfering signals

	PREFSENS + 6dB
	Wide Area BS: -39 
(Note 2)
	See Table 7.7.3-2

	NOTE 1:	PREFSENS depends also on the BS channel bandwidth as specified in clause 7.2.2.
NOTE 2: 	Interfering signal mean power level was derived considering an interfering signal with 10% duty cycle. For more details, refer to TR 38.853 [23].



Table 7.7.3-2: Interfering signals for the additional narrowband intermodulation requirement for RMR BS operating in n100
	BS channel bandwidth of the lowest carrier received (MHz)
	Interfering RB centre frequency offset from the lower Base Station RF Bandwidth edge  (kHz)
(Note 3)
	Type of interfering signal

	5
	-360
	CW

	
	-1420
	5 MHz DFT-s-OFDM NR signal, 15 kHz SCS, 1 RB (Note 1)

	NOTE 1:	Interfering signal consisting of one resource block positioned at the stated offset, the BS channel bandwidth of the interfering signal is located adjacently to the lower Base Station RF Bandwidth edge.
NOTE 2:	This requirement shall apply only for a G-FRC mapped to the frequency range at the channel edge adjacent to the interfering signals.
NOTE 3: 	The centre of the interfering RB refers to the frequency location between the two central subcarriers.






There is no corresponding requirement in ECC Decision(20)02 [4]. It can be seen that the channel bandwidths of both wanted and interfering signals are defined in TS 38.104. Currently, the additional narrowband blocking requirement for Band n100 is only specified for 5 MHz channel bandwidth in TS 38.104. Therefore, it is proposed that for band n100, an additional narrowband intermodulation requirement for 3 MHz channel bandwidth shall also be added.

3.	Conclusion
This contribution has provided further discussion on the FFS changes in the agreed WF and proposals to conclude them.
The proposals on conducted requirements are highlighted in the following table (which is extracted from the agreed WF).
	NR BS RF Tx/Rx requirement
	Proposal for NR 3 MHz

	6.2 Base station output power
	FFS the following options:
Option 1: No specification impact
Option 2: For band n100, the additional requirement shall be scaled for 3 MHz to keep PSD constant.
For band n100, keep the current additional requirement and add an informative note stating that the requirement can be reviewed when the related ECC decision are clearly defined for 3 MHz channel bandwidth.

	6.3.2 RE power control dynamic range
	No specification impact

	6.3.3 Total power dynamic range
	Minimum requirement calculated according to transmission bandwidth configuration in Table 6.3.3.2-1.

	6.3.4 NB-IoT RB power dynamic range for NB-IoT operation in NR in-band
	No specification impact

	6.4 Transmit ON/OFF power
	No specification impact

	6.5 Transmitted signal quality
	No specification impact

	6.6.2 Occupied bandwidth
	No specification impact

	6.6.3 Adjacent Channel Leakage Power Ratio
	Same requirement limits as other channel bandwidth, but assume different adjacent channel carriers in Table 6.6.3.2-1 and Table 6.6.3.2-2a.

	6.6.4 Operating band unwanted emissions
	A new OBUE mask shall be specified, based on LTE 3 MHz one.
FFS: For band n100, an additional requirement for 3 MHz channel BW should also be added.


	6.6.4 Transmitter spurious emissions
	No specification impact

	6.7 Transmitter intermodulation
	No specification impact

	7.2 Reference sensitivity level 
	Add minimum requirements for 3 MHz in Table 7.2.2-1, Table 7.2.2-2 and Table 7.2.2-3. Scaling from 5 MHz can be used if the same SU as LTE 3 MHz is adopted.

	7.3 Dynamic range
	Add minimum requirements for 3 MHz in Table 7.3.2-1, Table 7.3.2-2 and Table 7.3.2-3. Scaling from 5 MHz can be used if the same SU as LTE 3 MHz is adopted.

	7.4.1 Adjacent Channel Selectivity (ACS)
	Same requirement limits as other channel bandwidth in Table 7.4.1.2-1, but assume different adjacent channel carriers in Table 7.4.1.2-2.

	7.4.2 In-band blocking
	Same requirement limits as other channel bandwidth, but assume different adjacent channel carriers in Table 7.4.2.2-1, Table 7.4.2.2-2 and Table 7.4.2.2-3.
FFS: For band n100, an additional narrow band blocking requirement for 3 MHz channel BW shall also be added.


	7.5 Out-of-band blocking 
	No specification impact


	7.6 Receiver spurious emissions
	No specification impact

	7.7 Receiver intermodulation
	Same requirement limits as other channel bandwidth, but assume different adjacent channel carriers in Table 7.7.2-2 and Table 7.7.2-4.
FFS: For band n100, an additional narrowband intermodulation requirement for 3 MHz channel BW shall also be added.

	7.8 In-channel selectivity
	Add minimum requirements for 3 MHz in Table 7.8.2-1, Table 7.8.2-2 and Table 7.8.2-3. Requirement limits depend on ICS FRC to be defined for 3MHz.



Proposal 1: To approve the above table for conducted requirements in TS 38.104 for NR support for dedicated spectrum less than 5MHz for FR1.
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