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1. Introduction
During last RAN4#84bis meeting held in Dubrovnik a WF on Spectrum emission mask (SEM) for FR2 [1] was agreed. Companies are encouraged to contribute for next RAN4#85 meeting and study the issue identified in [2] regarding emission limits for lower power NR BS. Final decision on spectrum mask for FR2 RAN4 should be made in RAN4#85 meeting which is the meeting when core NR Rel-15 specification should be finalized. 
In this contribution, we further discussed issues related to spectrum mask for frequency range 2 (mmWave) and provide our proposal. 
2. Discussion
A generic set of NR Spectrum Emission Masks defined based on the same principles as for the WP5D LS response, applicable to all BS classes was agreed in TP to TR 38.817-02 [2]. Issues related to lower power BS and spectrum mask tables from [2] were presented and discussed in [3].
LS [4] on Characteristics of terrestrial IMT systems for frequency sharing/interference analysis in the frequency range between 24.25 GHz and 86 GHz was sent by RAN4. In general, in agreed text proposal in [2] RAN4 LS response to ITU WP5D [4] was a principle for spectrum emission mask tables. However, in LS response to ITU WP5D the assumption of channel bandwidth was 200 MHz for BS.
In response to ITU WP5D seven tables were included for spectrum mask: 
1. Table for indoor scenarios for ranges: 24.24 – 33.4 GHz, 37 – 52.6 GHz and 66 – 86 GHz,
2. Table for outdoor scenarios and PTx ≥ 34.5 dBm for range 24.24 – 33.4 GHz,

3. Table for outdoor scenarios and PTx ≥ 32.5 dBm for range 37 – 52.6 GHz,

4. Table for outdoor scenarios and PTx ≥ 30.5 dBm for range 66 – 86 GHz,

5. Table for outdoor scenarios and PTx < 34.5 dBm for range 24.24 – 33.4 GHz,

6. Table for outdoor scenarios and PTx < 32.5 dBm for range 37 – 52.6 GHz,

7. Table for outdoor scenarios and PTx < 30.5 dBm for range 66 – 86 GHz,

In NR Rel-15 WI it was agreed to focus on frequencies up to 52.6 GHz, thus range 66 – 86 GHz is not considered and reflected in Rel-15 spec. 

Analysis of differences between SEM mask in response to ITU WP5D and in TR [2].
· Purpose of the LS details parameters sent in [4] to ITU-R WP5D was to provide detailed description of the parameters to be used for sharing/interference analysis in the frequency range between 24.25 GHz and 86 GHz. The parameters were determined based on simulations, predicted performance of technology for the bands in consideration, regulation, and other considerations.
· In general emission limits of -5 dBm and -13 dBm for two steps of frequency offset from “edge of transmission” are the same. The only difference is fixed frequency offset for 0 to 20 MHz and 20 to 400 MHz in response to ITU WP5D as only 200 MHz channel bandwidth was considered. In TR mask there are dependencies to channel bandwidth: 10% of the total transmission bandwidth and the OOB boundary.
· In TR SEM mask there is no relation with outdoor/indoor scenarios. Exist only three tables. First table for the same “baseline” emission limits of -5 dBm and -13 dBm as in ITU WP5D response and two tables for lower power and absolute emission limits introduced (-12 dBm and -20 dBm).
Contribution [3] has addressed issue related to lower Ptx and channel bandwidth lower than 200 MHz with following observation:
Observation 1: Current SEM emission limits for PTx lower than 35 dBm and narrower channel bandwidth are more stringent compare to general SEM for PTx ≥ 35 dBm.
Proposed solution
As limits and communication to ITU was based on 200 MHz channel BW, to avoid stringent requirement for low power BS following solution and spectrum mask is proposed. 

According formulas in [2] for 10% of the total transmission bandwidth ( (f < OOB boundary as it was calculated in [3] using ACLR requirement (28 dBc for 24.24 – 33.4 GHz, 26 dBc for 37 – 52.6 GHz) emission limits is as follow:

Ptx -  10log(BW) – ACLR


(1)
Then to avoid relaxed requirements than for higher power emission limit should be:

min (Ptx -  10log(BW) – ACLR
, -13dBm)


(2)
Then to avoid relaxed requirements than sent to ITU WP5D for wider bandwidth (200 MHz and above 200 MHz) emission limit should be:

min (Ptx -  10log(min(BW, 200) – ACLR
, -13dBm)


(3)
Then to avoid emission limits below absolute value of -20dBm emission limit should be:
Max(min (Ptx -  10log(min(BW, 200 MHz) – ACLR
, -13dBm)
, -20 dBm)

(4)
In this formulation (4) the idea behind the proposed requirements is adapted to narrower signal bandwidths, not increasing the required ACLR for narrower channel bandwidths. The calculated limit is simultaneously always at or below -13 dBm/MHz, fulfilling FCC require limits, and it is never more stringent than -20 dBm/MHz. During the transition from -13 to -20 dBm/MHz, ACLR requirement stays fixed.
Proposed solution and formula can be easily fitted to SEM spectrum table for FR2 as it its proposed in tables below.

Table 1 is baseline SEM applicable for PTx ≥ 35 dBm in the frequency range 24.24 – 33.4 GHz and PTx ≥ 33 dBm in the frequency range 37 – 52.6 GHz.
Table 2 is SEM for lower PTx applicable for PTx < 35 dBm in the frequency range 24.24 – 33.4 GHz.

Table 3 is SEM for lower PTx  applicable for PTx < 33 dBm in the frequency range 37 – 52.6 GHz.
Table 1: SEM applicable for PTx ≥ 35 dBm in the frequency range 24.24 – 33.4 GHz and 
PTx ≥ 33 dBm in the frequency range 37 – 52.6 GHz

	Frequency offset from “edge of transmission” Δf
	Emission limit
	Measurement bandwidth

	0 ( (f < 10% of the total transmission bandwidth 
	-5 dBm
	1 MHz

	10% of the total transmission bandwidth ( (f < OOB boundary
	-13 dBm
	1 MHz

	(f ≥ OOB boundary
	Spurious domain limits

	NOTE 1:
For a BS supporting non-contiguous spectrum operation within any operating band, the minimum requirement within sub-block gaps is calculated as a cumulative sum of contributions from adjacent sub blocks on each side of the sub block gap. Exception is ∆f ≥ [100MHz] from both adjacent sub blocks on each side of the sub-block gap, where the minimum requirement within sub-block gaps shall be -13dBm/1MHz.

NOTE 2:
For BS supporting multi-band operation with Inter RF Bandwidth gap < [200MHz] the minimum requirement within the Inter RF Bandwidth gaps is calculated as a cumulative sum of contributions from adjacent sub-blocks or RF Bandwidth on each side of the Inter RF Bandwidth gap.


	Table 2: SEM applicable for PTx < 35 dBm in the frequency range 24.24 – 33.4 GHz 

Frequency offset from “edge of transmission” Δf
	Emission limit
	Measurement bandwidth

	0 ( (f < 10% of the total transmission bandwidth 
	Max(min (PTx -  10log(min(BW, 200 MHz) – 28 dBc, -5dBm), -12 dBm)

	1 MHz

	10% of the total transmission bandwidth ( (f < OOB boundary
	Max(min (PTx -  10log(min(BW, 200 MHz) – 28 dBc, -13dBm), -20 dBm)

	1 MHz

	(f ≥ OOB boundary
	Spurious domain limits

	NOTE 1:
For a BS supporting non-contiguous spectrum operation within any operating band, the minimum requirement within sub-block gaps is calculated as a cumulative sum of contributions from adjacent sub blocks on each side of the sub block gap. Exception is ∆f ≥ [100MHz] from both adjacent sub blocks on each side of the sub-block gap, where the minimum requirement within sub-block gaps shall be -13dBm/1MHz.
NOTE 2:
For BS supporting multi-band operation with Inter RF Bandwidth gap < [200MHz] the minimum requirement within the Inter RF Bandwidth gaps is calculated as a cumulative sum of contributions from adjacent sub-blocks or RF Bandwidth on each side of the Inter RF Bandwidth gap.


	Table 3: SEM applicable for PTx < 33 dBm in the frequency range 37 – 52.6 GHz

Frequency offset from “edge of transmission” Δf
	Emission limit
	Measurement bandwidth

	0 ( (f < 10% of the total transmission bandwidth 
	Max(min (PTx -  10log(min(BW, 200 MHz) – 26 dBc, -5dBm)
, -12 dBm)

	1 MHz

	10% of the total transmission bandwidth ( (f < OOB boundary
	Max(min (PTx -  10log(min(BW, 200 MHz) – 26 dBc, -13dBm)
, -20 dBm)

	1 MHz

	(f ≥ OOB boundary
	Spurious domain limits

	NOTE 1:
For a BS supporting non-contiguous spectrum operation within any operating band, the minimum requirement within sub-block gaps is calculated as a cumulative sum of contributions from adjacent sub blocks on each side of the sub block gap. Exception is ∆f ≥ [100MHz] from both adjacent sub blocks on each side of the sub-block gap, where the minimum requirement within sub-block gaps shall be -13dBm/1MHz.
NOTE 2:
For BS supporting multi-band operation with Inter RF Bandwidth gap < [200MHz] the minimum requirement within the Inter RF Bandwidth gaps is calculated as a cumulative sum of contributions from adjacent sub-blocks or RF Bandwidth on each side of the Inter RF Bandwidth gap.


Proposal 1. It is proposed to adopt SEM mask for FR2 presented in tables 1 to 3. 

Table 4 presents calculated emission limit for given PTx power using proposed formula for frequency range 24.24 – 33.4 GHz at 10 MHz offset from signal for 50 MHz, 100 MHz, 200 MHz and 400 MHz channel bandwidth. Also ACLR requirement calculated from emission limit is presented in the table. 
Table 5 presents same results for frequency range 37 – 52.6 GHz respectively.
Table 4: Emission limits calculation for frequency range 24.24 – 33.4 GHz at 10 MHz offset from signal, according Table 2.

	Channel BW [MHz]
	50
	100
	200
	400

	PTx [dBm]
	Emission limit [dBm/MHz]
	ACLR requirement calculated from emission limit [dBc]
	Emission limit [dBm/MHz]
	ACLR requirement calculated from emission limit [dBc]
	Emission limit [dBm/MHz]
	ACLR requirement calculated from emission limit [dBc]
	Emission limit [dBm/MHz]
	ACLR requirement calculated from emission limit [dBc]

	34
	-13,00
	30,01
	-14,00
	28,00
	-17,01
	28,00
	-17,01
	24,99

	33
	-13,00
	29,01
	-15,00
	28,00
	-18,01
	28,00
	-18,01
	24,99

	32
	-13,00
	28,01
	-16,00
	28,00
	-19,01
	28,00
	-19,01
	24,99

	31
	-13,99
	28,00
	-17,00
	28,00
	-20,00
	27,99
	-20,00
	24,98

	30
	-14,99
	28,00
	-18,00
	28,00
	-20,00
	26,99
	-20,00
	23,98

	29
	-15,99
	28,00
	-19,00
	28,00
	-20,00
	25,99
	-20,00
	22,98

	28
	-16,99
	28,00
	-20,00
	28,00
	-20,00
	24,99
	-20,00
	21,98

	27
	-17,99
	28,00
	-20,00
	27,00
	-20,00
	23,99
	-20,00
	20,98

	26
	-18,99
	28,00
	-20,00
	26,00
	-20,00
	22,99
	-20,00
	19,98

	25
	-19,99
	28,00
	-20,00
	25,00
	-20,00
	21,99
	-20,00
	18,98

	24
	-20,00
	27,01
	-20,00
	24,00
	-20,00
	20,99
	-20,00
	17,98

	23
	-20,00
	26,01
	-20,00
	23,00
	-20,00
	19,99
	-20,00
	16,98

	22
	-20,00
	25,01
	-20,00
	22,00
	-20,00
	18,99
	-20,00
	15,98

	21
	-20,00
	24,01
	-20,00
	21,00
	-20,00
	17,99
	-20,00
	14,98

	20
	-20,00
	23,01
	-20,00
	20,00
	-20,00
	16,99
	-20,00
	13,98




Table 5: Emission limits calculation for frequency range 37 – 52.6 GHz at 10 MHz offset from signal, according Table 3.




	Channel BW [MHz]
	50
	100
	200
	400

	PTx [dBm]
	Emission limit [dBm/MHz]
	ACLR requirement calculated from emission limit [dBc]
	Emission limit [dBm/MHz]
	ACLR requirement calculated from emission limit [dBc]
	Emission limit [dBm/MHz]
	ACLR requirement calculated from emission limit [dBc]
	Emission limit [dBm/MHz]
	ACLR requirement calculated from emission limit [dBc]

	32
	-13,00
	28,01
	-14,00
	26,00
	-17,01
	26,00
	-17,01
	22,99

	31
	-13,00
	27,01
	-15,00
	26,00
	-18,01
	26,00
	-18,01
	22,99

	30
	-13,00
	26,01
	-16,00
	26,00
	-19,01
	26,00
	-19,01
	22,99

	29
	-13,99
	26,00
	-17,00
	26,00
	-20,00
	25,99
	-20,00
	22,98

	28
	-14,99
	26,00
	-18,00
	26,00
	-20,00
	24,99
	-20,00
	21,98

	27
	-15,99
	26,00
	-19,00
	26,00
	-20,00
	23,99
	-20,00
	20,98

	26
	-16,99
	26,00
	-20,00
	26,00
	-20,00
	22,99
	-20,00
	19,98

	25
	-17,99
	26,00
	-20,00
	25,00
	-20,00
	21,99
	-20,00
	18,98

	24
	-18,99
	26,00
	-20,00
	24,00
	-20,00
	20,99
	-20,00
	17,98

	23
	-19,99
	26,00
	-20,00
	23,00
	-20,00
	19,99
	-20,00
	16,98

	22
	-20,00
	25,01
	-20,00
	22,00
	-20,00
	18,99
	-20,00
	15,98

	21
	-20,00
	24,01
	-20,00
	21,00
	-20,00
	17,99
	-20,00
	14,98

	20
	-20,00
	23,01
	-20,00
	20,00
	-20,00
	16,99
	-20,00
	13,98




3. Conclusion

In this contribution, we further discussed issues related to spectrum mask for frequency range 2 (mmWave) and provide our proposal. The idea behind the proposed requirements is adapted to narrower signal bandwidths, not increasing the required ACLR for narrower channel bandwidths. The calculated limit is simultaneously always at or below -13 dBm/MHz, fulfilling FCC require limits, and it is never more stringent than -20 dBm/MHz. During the transition from -13 to -20 dBm/MHz, ACLR requirement stays fixed.
Proposal 1. It is proposed to adopt SEM mask for FR2 presented in tables 1 to 3. 
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