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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 BS RF requirements in TS 38.104 for NR support for dedicated spectrum less than 5MHz for FR1 were discussed at TSG RAN4#106bis-e and WF was agreed [2], while two LSs were sent to CEPT ECC WG FM [3] and ETSI TC RT [4] to request for input on the additional base station output power, narrowband blocking and narrowband intermodulation requirements for band n100. This contribution provides our proposals on these requirements while concurrently waiting for replies from CEPT ECC WG FM and ETSI TC RT of the aforementioned LSs.

2.	Discussion
2.1	Base station output power
It is stated in the agreed WF [2]:
	6.2 Base station output power
	For band n100, RAN4 evaluate how to define the additional requirement for 3 MHz channel BW and send LS to CEPT ECC WG FM to request for input.



Currently, it is specified in TS 38.104 [5]:
	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].



And this is specified according to ECC Decision(20)02 [6]:
	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 Decision(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. From actual deployment viewpoint, it is expected that the same radio hardware would be used when 3 MHz channel bandwidth is gradually migrated to 5 MHz channel bandwidth with the gradual reduction in GSM carriers in band n100. Therefore, it would make technical sense to apply the same PSD of 5 MHz channel bandwidth to 3 MHz channel bandwidth, so that the DL SNR and thus the DL coverage would remain similar when 3 MHz channel bandwidth is gradually migrated to 5 MHz channel bandwidth. Consequently, it is proposed to use the following formula for 3 MHz channel bandwidth for band n100, assuming a 17 dBi maximum antenna gain and 4 dB losses:
49.3 dBm/3MHz + (fDL-921.1) x 40/3 dB
Note that 49.3 dBm/3MHz has the same PSD as 51.5 dBm/5MHz, and 921.1 is 1 MHz smaller than 922.1 considering 3 MHz channel bandwidth is 2 MHz smaller than 5 MHz channel bandwidth.

2.2	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.
For band n100, RAN4 evaluate how to define an additional narrow band blocking requirement for 3 MHz channel BW and send LS to ETSI TC RT to request for input.



Currently, it is specified in TS 38.104 [5]:
	[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 input from ETSI TC RT [7]:
	Case 2 (corresponding to 10% duty cycle):
· Interfering signal mean power:		-39 dBm
· Wanted signal mean power (dBm):		PREFSENS  + 6 dB
· Interfering Signal:				5 MHz DFT-s-OFDM NR signal, 15 kHz SCS, 1 RB
· Interfering RB centre frequency offset 874.4 MHz -(350 kHz +m*180), m=0, 1, 2, 3, 4, 9, 14, 19



And the analysis of the requirement is based on ECC Decision(20)02 [6]:
	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 CEPT considered a bandwidth of 200 kHz for the interfering signal right to the lower edge of band n100 UL frequency range at 874.4 MHz in ECC Decision(20)02. This will be the most demanding case for RF receiver filter design, because of the small guard band within the 200 kHz interfering signal bandwidth comparing to other channel bandwidths like 1.4 MHz and 5 MHz. Therefore, it is proposed to specify the additional narrow band blocking requirement for 3 MHz channel bandwidth for band n100 as follows:
· Interfering signal mean power:		-39 dBm
· Wanted signal mean power (dBm):		PREFSENS  + 6 dB
· Interfering Signal:				3 MHz DFT-s-OFDM NR signal, 15 kHz SCS, 1 RB
· Interfering RB centre frequency offset 874.4 MHz -(255 kHz +m*180), m=0, 1, 2, 3, 4, 7, 10, 13
Note that 255 kHz is calculated with the 247.5 kHz in the corresponding E-UTRA requirement plus 7.5 kHz offset considering the 7.5 kHz UL sub-carrier shift in NR, and the values of m are the same as those in the corresponding E-UTRA requirement.

2.3	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.
For band n100, RAN4 evaluate how to define an additional narrowband intermodulation requirement for 3 MHz channel BW and send LS to ETSI TC RT to request for input.



Currently, it is specified in TS 38.104 [5]:
	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.






This is specified according to input from ETSI TC RT [7]:
	Case 2 (corresponding to 10% duty cycle):

· Interfering signal mean power:		-39 dBm
· Wanted signal mean power (dBm):		PREFSENS  + 6 dB
For the interfering signal, it is proposed to use the definitions in accordance with Table 7.7.2-4 of 3GPP TS 38.104 [3] for a 5 MHz channel.



There is no corresponding requirement in ECC Decision(20)02 [6].
It can be seen that currently, the additional narrowband blocking requirement for Band n100 is only specified for 5 MHz channel bandwidth in TS 38.104, with the same 5MHz channel bandwidth for both wanted and interfering signals. Therefore, an additional narrowband intermodulation requirement for 3 MHz channel bandwidth for band n100 shall be added, and it is proposed to specify the requirement also using the same 3MHz channel bandwidth for both wanted and interfering signals as follows:
· Interfering signal mean power:		-39 dBm
· Wanted signal mean power (dBm):		PREFSENS  + 6 dB
· Interfering Signal:				3 MHz DFT-s-OFDM NR signal, 15 kHz SCS, 1 RB
· Interfering centre frequency offset: 360 kHz for CW, 960 kHz for 1 RB
Note that 360 kHz and 960 kHz are calculated according to clause 7.7 in TR 38.817-02 [8].

3.	Conclusion
This contribution has provided our proposals on these requirements while concurrently waiting for replies from CEPT ECC WG FM and ETSI TC RT of the aforementioned LSs..
The proposals are summarized as follows:
Proposal 1: To use the following formula for 3 MHz channel bandwidth for band n100, assuming a 17 dBi maximum antenna gain and 4 dB losses:
49.3 dBm/3MHz + (fDL-921.1) x 40/3 dB
Proposal 2: To specify the additional narrow band blocking requirement for 3 MHz channel bandwidth for band n100 as follows:
-	Interfering signal mean power:		-39 dBm
-	Wanted signal mean power (dBm):		PREFSENS  + 6 dB
-	Interfering Signal:				3 MHz DFT-s-OFDM NR signal, 15 kHz SCS, 1 RB
-	Interfering RB centre frequency offset 874.4 MHz -(255 kHz +m*180), m=0, 1, 2, 3, 4, 7, 10, 13
Proposal 3: To specify the requirement also using the same 3MHz channel bandwidth for both wanted and interfering signals as follows:
-	Interfering signal mean power:		-39 dBm
-	Wanted signal mean power (dBm):		PREFSENS  + 6 dB
-	Interfering Signal:				3 MHz DFT-s-OFDM NR signal, 15 kHz SCS, 1 RB
-	Interfering centre frequency offset: 360 kHz for CW, 960 kHz for 1 RB

Annex
This annex provides link level simulation results comparing the required SNR Vs BLER with 9 RBs and 15 RBs transmission bandwidth configuration with 3 MHz channel bandwidth. The simulation results were obtained using the FRCs agreed in the WF [9].
Figure 1 provides the simulation results which are summarized in table 1.
[image: ]
Figure 1: PUSCH SNR Vs BLER

Table 1: PUSCH SNR [dB] Vs BLER@5%
	MCS
	16 (Receiver dynamic range)
	4 (15PRB, Reference sensitivity)
	4 (9PRB, In-channel selectivity)

	2RX
	5.5534
	-3.7722
	-3.5778

	1RX
	8.4428
	-1.2332
	-1.0391
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