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1. Introduction
During RAN4#84bis meeting held in Dubrovnik a WF on Spectrum emission mask (SEM) for FR2 [1] was agreed. Companies were encouraged to contribute for RAN4#85 meeting and study the issue identified in [1] regarding emission limits for lower power NR BS. Some inputs for discussion were provided in [2 - 4] and discussed during RAN4#85 meeting. Finally, TP to TS 38.104 [5] was agreed which include spectrum mask with brackets. During RAN4 NR AH1801 meeting in San Diego, discussion was continued [7-11] and next way forward [12] was agreed. 
2. Discussion
Agreed by RAN4 TP to TS 38.104 [5] for whole section 9.7.4.3.2 OTA Spectrum emission mask include brackets. For PTx in table titles in Tables 9.7.4.3.2-1, 9.7.4.3.2-2, 9.7.4.3.2-3, brackets are included as well.
Last WF [12] include background, inputs and proposals from RAN4 AH1801 meeting, agreements and open issued for study. 

Following agreements were achieved in the Way Forward [12]:

· Based on present spectrum situation in FR2
· Requirements should cover non-contiguous spectrum operation in Rel-15
· Multiband operation is for future study in FR2
NOTE: Above agreement concerns all FR2 RF requirements.

· Definition of Total transmission BW  
· Covers contiguous multicarrier transmissions
NOTE: There may be variations in regional applicability.
· We need to conclude the requirement in February
Still many issues for spectrum mask are open for studies [12]:

· Type of emission mask and frequency range (Carrier centric (SEM) vs. band centric (UEM))
· Considering impact from possible stricter Category B limits
· Consider OOB boundary (based on regulation)
· Classification of masks and relation to PTx
· Option 1: Consider to use BS classification instead of PTx for classification 
· Further consider relationship between mask and PTx
· Option 2: Classify based on PTx (as now)
· Consider realistic PTx levels
· Introduce definition of PTx, based on declaration or measurements
· Mask levels
· Impact from choice of mask and classification (as outlined above)
· Consider levels used by ITU-R in compatibility studies
· Consider other channel BW than 200 MHz
· Definition of Total transmission BW for non-contiguous multicarrier

Below, in the following subsections we present our response for open issues. 
2.1 Type of emission mask and frequency range 
Discussion on emission mask for frequency range 2 (FR2) was started in NR Study Item phase. Outcome of that discussions was response to ITU WP5D [13]. Purpose of the LS details parameters sent in [13] 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. That mask was carrier centric (SEM), thus we propose to continue the same approach and use carrier centric mask for spectrum emission mask.
Proposal 1: For NR BS carrier centric mask should be define for BS type 2-O.
2.2 Classification of masks and relation to PTx
During the RAN4 discussions Study Item phase and then Work Item phase on shape of the spectrum mask, and classification of mask with relation to PTx was agreed first on Study Item phase and sent to ITU WP5D. Then the same approach was agreed in Work Item phase. Last meetings were also proposals to use BS classes for spectrum mask classification. However, using BS class approach with EIRP would provide tighter emission limit for base stations with PAs with higher output power and antennas with lower gain, compare to approach with classification based on PTx.
Proposal 2: Mask classification based on PTx should be define for NR BS BS type 2-O.
2.3 Mask levels
One fundamental agreement for spectrum mask was that FCC limits shall be used. Furthermore, as noticed and captured in WF [1] as it is indicated in [14] in LS response to ITU WP5D the assumption of channel bandwidth was 200 MHz. During NR WI phase it was agreed to create mask which is channel bandwidth independent for Frequency offset from “edge of transmission” Δf which is 10% of the total transmission bandwidth. For FR2 RAN4 agreed that minimum channel bandwidth is 50 MHz. 50 MHz CBW causes more stringent spectrum mask than ACLR requirement. We provide our proposal how to solve that issue in [2] and [10, 11]. 

For channel bandwidth less than 200 MHz it is proposed to use as a boundary 20% of total transmission bandwidth.  
Proposal 3: FCC limits should be used as baseline for spectrum mask for BS type 2-O.

Using a more realistic power level threshold instead of 35 dBm was discussed in [8]. We also think that for both ranges due to mmWave technology issues (eg. the losses, the filter, switch losses, etc.) PTx power level should be set to 32 dBm for the frequency range of 24.25 – 33.4 GHz, and to 29 dBm for the frequency range 37 – 52.6 GHz.
Proposal 4: The PTx break point for the frequency range of 24.25 -33.4 GHz should be set to 32 dBm.

Proposal 5: The PTx break point for the frequency range of 37 – 52.6 GHz should be set to 29 dBm.
2.4 Definition of Total transmission BW for non-contiguous multicarrier
Currently in the spectrum mask tables term “total transmission bandwidth” is used for frequency offset. However, as it is stated in the WF [12], and also in TS 38.104 Editor’s note definition is require:

Editor’s note: The mask levels shown under the “Minimum requirements” below are documented in TR 38.817-02 as shown. How to account for the “total transmission boundary” and the “OOB boundary” in expressing the detailed requirement is ffs. 

 In TS 38.104 specification we already have included term and definition of “Base Station RF Bandwidth”: 
Base Station RF Bandwidth: RF bandwidth in which a base station transmits and/or receives single or multiple carrier(s) within a supported operating band
NOTE:
In single carrier operation, the Base Station RF Bandwidth is equal to the BS channel bandwidth.
Term “Base Station RF bandwidth” with its definition covers also multicarrier transmission. 
Proposal 6. It is proposed to use term “Base Station RF Bandwidth” in SEM tables.

2.5 Proposed spectrum mask
As limits and communication to ITU was based on 200 MHz channel BW, to avoid stringent requirement for low power BS in [2] solution and appropriate spectrum mask is proposed again. Below is presented set of tables 9.7.4.3.2-1 to 9.7.4.3.2-6 which are based on current tables from TS 38.104 with change marks for better readability of proposal.
Table 9.7.4.3.2-1: SEM applicable for PTx ≥ 32 dBm in the frequency range 24.24 – 33.4 GHz and 
PTx ≥ 30 dBm in the frequency range 37 – 52.6 GHz for CBW ≥ 200 MHz
	Frequency offset from “edge of transmission” Δf
	Limit
	Measurement bandwidth

	0 ( (f < 10% of the Base Station RF Bandwidth
	-5 dBm
	1 MHz

	10% of Base Station RF Bandwidth ( (f < OOB boundary
	-13 dBm
	1 MHz

	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.


Table 9.7.4.3.2-2: SEM applicable for PTx ≥ 32 dBm in the frequency range 24.24 – 33.4 GHz and 
PTx ≥ 30 dBm in the frequency range 37 – 52.6 GHz for CBW < 200 MHz
	Frequency offset from “edge of transmission” Δf
	Limit
	Measurement bandwidth

	0 ( (f < 20% of the Base Station RF Bandwidth
	-5 dBm
	1 MHz

	20% of Base Station RF Bandwidth ( (f < OOB boundary
	-13 dBm
	1 MHz

	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.


Table 9.7.4.3.2-3: SEM applicable for PTx < 32 dBm in the frequency range 24.24 – 33.4 GHz for CBW ≥ 200 MHz
	Frequency offset from “edge of transmission” Δf
	Llimit
	Measurement bandwidth

	0 ( (f < 10% of the Base Station RF Bandwidth
	Max(PTx – 37 dB, -12 dBm)
	1 MHz

	10% of the total Base Station RF Bandwidth( (f < OOB boundary
	Max(PTx – 45 dB, -20 dBm)
	1 MHz

	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.


Table 9.7.4.3.2-4: SEM applicable for PTx < 32 dBm in the frequency range 24.24 – 33.4 GHz for CBW < 200 MHz
	Frequency offset from “edge of transmission” Δf
	Llimit
	Measurement bandwidth

	0 ( (f < 20% of the Base Station RF Bandwidth
	Max(PTx – 32 dB, -12 dBm)
	1 MHz

	20% of the Base Station RF Bandwidth ( (f < OOB boundary
	Max(PTx – 40 dB, -20 dBm)
	1 MHz

	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.


Table 9.7.4.3.2-5: SEM applicable for PTx < 30 dBm in the frequency range 37 – 52.6 GHz for CBW ≥ 200 MHz
	Frequency offset from “edge of transmission” Δf
	Limit
	Measurement bandwidth

	0 ( (f < 10% of the Base Station RF Bandwidth
	Max(PTx – 35 dB, -12 dBm)
	1 MHz

	10% of the Base Station RF Bandwidth ( (f < OOB boundary
	Max(PTx – 43 dB, -20 dBm)
	1 MHz

	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.


Table 9.7.4.3.2-6: SEM applicable for PTx < 30 dBm in the frequency range 37 – 52.6 GHz for CBW < 200 MHz
	Frequency offset from “edge of transmission” Δf
	Limit
	Measurement bandwidth

	0 ( (f < 20% of the Base Station RF Bandwidth
	Max(PTx – 30 dB, -12 dBm)
	1 MHz

	20% of the Base Station RF Bandwidth ( (f < OOB boundary
	Max(PTx – 38 dB, -20 dBm)
	1 MHz

	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.


Proposal 7: It is proposed to adopt set of tables 9.7.4.3.2-1 to 9.7.4.3.2-6 for spectrum emission mask for frequency range 2.
We also provide draft CR to introduce above proposal for spectrum mask in [15].
3. Conclusion

In this contribution, we further discussed issues related to spectrum mask for frequency range 2 (mmWave) and provide our proposals.

Proposal 1: For NR BS carrier centric mask should be define for FR2.
Proposal 2: Mask classification based on PTx should be define for NR BS FR2.
Proposal 3: FCC limits should be used as baseline for spectrum mask for FR2.

Proposal 4: The PTx break point for the frequency range of 24.25 -33.4 GHz should be set to 32 dBm.

Proposal 5: The PTx break point for the frequency range of 37 – 52.6 GHz should be set to 29 dBm.
Proposal 6. It is proposed to use term “Base Station RF Bandwidth” in SEM tables.
Proposal 7: It is proposed to adopt set of tables 9.7.4.3.2-1 to 9.7.4.3.2-6 for spectrum emission mask for frequency range 2.
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