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1. Introduction
During RAN4#86 meeting a WF on Spectrum emission mask (SEM) for FR2 was agreed [1]. In the WF four remaining issues were identified. This contribution discussed those issues and proposes how to solve them.
2. Discussion
Last WF [1] includes background, inputs and proposals from RAN4#86 meeting, agreements and open issues. Most importantly the open issues remaining are
· Is SEM carrier-centric or band-centric

· How Out-of-band (OOB) boundary is specified

· Whether BS class or PTx is considered in mask definition

· Is emission mask scaled to TRP PSD for wanted signal
These issues have been discussed extensively in many previous meetings and many different proposals have been on the table. The motivation and proposals on how to solve these questions are provided next.
2.1 Type of emission mask
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 [2]. In the response a carrier centric mask was proposed. However, since then a push towards more stringent spurious emission limit in Europe has emerged. In such scenario, a carrier centric mask would mean that the stringent limit would need to be met also inside the operating band, which prevents filtering of the emissions. Especially considering non-contiguous transmissions, a stringent limit with no possibilities for filtering is challenging.

On the other hand, a band centric mask would leave the option to use filters. Therefore we propose to adopt a band-centric mask. 
Proposal 1: Band centric mask shall be defined for BS type 2-O.
2.2 Out of band boundary
OOB boundary has less impact with category A limits, as in that case in-band limit is already as stringent or more stringent than the spurious emissions limit. Therefore OOB boundary should be considered taking into account possible cat. B limit.
Additionally, the definition of OOB boundary should in our view take into account possible non-contiguous transmissions, i.e. intermodulation components may appear far away from the actual transmission. 
At the moment UE requirements are in developments e.g. for bandwidth class M which means contiguous carrier aggregation up to 800 MHz aggregated channel bandwidth, meaning that operators may have very wide frequency allocations. On the other hand, it is possible that individual UE do not support so wide bandwidths, and multiple UEs are configured to receive at different portions within the 800 MHz. From base station perspective non-contiguous transmissions spanning over the 800 MHz range are to be expected, and in the future bandwidths may increase further.
We consider that third order intermodulation will have the most challenge in meeting the spurious emission limit, and therefore to allow full transmission power also near the band edges we should set the OOB boundary outside the range of IMD3 components. Therefore we propose to set OBUE mask with ΔfOBUE = 1.0 GHz.
Proposal 2: OBUE mask is set with ΔfOBUE = 1.0 GHz for BS type 2-O.
2.3 Base station class vs. 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. 

Currently the BS class is based on deployment scenario, where EIRP is a relevant metric. On the other hand, emissions are defined as TRP. Therefore, it is not straightforward how BS class would be applied to emission limits, as different array sizes and PA power levels may yield same EIRP with very different TRP. Therefore we propose to use PTx for UEM.

Furthermore, we propose to define PTx as rated total TRP output power, which already defined in 38.104 as follows: 
Rated total TRP output power: mean power level declared by the manufacturer, that the manufacturer has declared to be available at the RIB during the transmitter ON period
When it comes to the frequency offset in the tables, term total transmission bandwidth has been used. 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. We propose to use this term in the UEM tables.
Proposal 3: Mask classification based on PTx shall be defined for NR BS BS type 2-O.

Proposal 4: PTx is defined as Rated total TRP output power
Proposal 5: Term is “Base Station RF Bandwidth” is used in UEM tables.
2.4 Mask levels
One fundamental agreement for spectrum mask was that FCC limits shall be used. Furthermore, 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. 
Using a more realistic power level threshold instead of 35 dBm has been agreed in the latest WF [1]. We also think that for both ranges due to mmWave technology issues (eg. possible losses from filter and switch) PTx power level should be set to 30 dBm for the frequency range of 24.25 – 33.4 GHz, and to 28 dBm for the frequency range 37 – 52.6 GHz.
Additionally, we propose that the mask is not scaled according to channel BW. The main motivation behind this is that in our view the main intention of the mask is to keep narrowband emissions within ACLR region and all emissions outside ACLR region under certain fixed limit. Emissions outside ACLR region could be e.g. carrier leakage or other spurs which do not scale according to channel bandwidth but with total transmit power. Therefore mandating a more stringent limit based on channel bandwidth is not preferable.

The PTx break point of 30 dBm is chosen for two main reasons. Firstly, it provides a smooth transition for 50 MHz ChBW when PTx is changing, as illustrated in table 1. Secondly, at sets the mask 2 dB below ACLR requirement, therefore allowing some spectral skew within the ACLR region. This is also illustrated in table 1. To be exact, the table shows UEM at 10% of Base Station RF Bandwidth ( (f < OOB boundary when it is defined to be -13 dBm / MHz when PTx is ≥ 30 dBm and Max(PTx – 43 dB, -20 dBm) otherwise. ACLR uses flat PSD at -28 dBc level for 50 MHz channel bandwidth and also takes into account the absolute ACLR limit.

Table 1: UEM as a function of PTx and relative to ACLR requirement.
	PTx
	UEM limit
	Difference to ACLR

	35
	-13
	-3.0

	34
	-13
	-2.0

	33
	-13
	-1.0

	32
	-13
	0.0

	31
	-13
	1.0

	30
	-13
	2.0

	29
	-14
	2.0

	28
	-15
	2.0

	27
	-16
	2.0

	26
	-17
	2.0

	25
	-18
	2.0

	24
	-19
	1.0

	23
	-20
	0.0

	22
	-20
	0.0


It can be seen that at high power levels UEM is more stringent than ACLR. In the middle of the table UEM is 2 dB below ACLR and at lower power levels they are equal when absolute ACLR limit becomes applicable.
Proposal 6: The PTx break point for the frequency range of 24.25 – 33.4 GHz shall be set to 30 dBm.

Proposal 7: The PTx break point for the frequency range of 37 – 52.6 GHz shall be set to 28 dBm.
Proposal 8: The mask is not scaled based on transmission bandwidth.
2.5 Proposed spectrum mask
All above proposals have been applied below to the set of tables 9.7.4.3.2-1 to 9.7.4.3.2-3.
Table 9.7.4.3.2-1: UEM applicable for Prated,t,TRP ≥ 30 dBm in the frequency range 24.25 – 33.4 GHz and 
Prated,t,TRP ≥ 28 dBm in the frequency range 37 – 52.6 GHz

	Frequency offset 
	Limit
	Measurement bandwidth

	0 < f_offset < 0.1*BWBS_RF 
	-5 dBm
	1 MHz

	0.1*BWBS_RF ( f_offset < f_offsetmax
	-13 dBm
	1 MHz


Table 9.7.4.3.2-2: SEM applicable for Prated,t,TRP < 30 dBm in the frequency range 24.25 – 33.4 GHz 

	Frequency offset
	Limit
	Measurement bandwidth

	0 < f_offset < 0.1*BWBS_RF 
	Max(PTx – 35 dB, -12 dBm)
	1 MHz

	0.1*BWBS_RF ( f_offset < f_offsetmax
	Max(PTx – 43 dB, -20 dBm)
	1 MHz


Table 9.7.4.3.2-3: SEM applicable for Prated,t,TRP < 28 dBm in the frequency range 37 – 52.6 GHz

	Frequency offset
	Limit
	Measurement bandwidth

	0 < f_offset < 0.1*BWBS_RF 
	Max(PTx – 33 dB, -12 dBm)
	1 MHz

	0.1*BWBS_RF ( f_offset < f_offsetmax
	Max(PTx – 41 dB, -20 dBm)
	1 MHz


Proposal 9: Set of tables 9.7.4.3.2-1 to 9.7.4.3.2-3 are adopted for NR BS BS type 2-O.

Proposal 10: The tables 9.7.4.3.2-1 to 9.7.4.3.2-3 apply for both contiguous and non-contiguous transmissions
We also provide a CR to introduce above proposals for spectrum mask in [3].
3. Conclusion

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

Proposal 1: Band centric mask shall be defined for BS type 2-O.
Proposal 2: OBUE mask is set with ΔfOBUE = 1.0 GHz for BS type 2-O.
Proposal 3: Mask classification based on PTx shall be defined for NR BS BS type 2-O.

Proposal 4: PTx is defined as “Rated total TRP output power”
Proposal 5: Term is “Base Station RF Bandwidth” is used in UEM tables.
Proposal 6: The PTx break point for the frequency range of 24.25 – 33.4 GHz shall be set to 30 dBm.

Proposal 7: The PTx break point for the frequency range of 37 – 52.6 GHz shall be set to 28 dBm.
Proposal 8: The mask is not scaled based on transmission bandwidth.
Proposal 9: Set of tables 9.7.4.3.2-1 to 9.7.4.3.2-3 are adopted for NR BS BS type 2-O.

Proposal 10: The tables 9.7.4.3.2-1 to 9.7.4.3.2-3 apply for both contiguous and non-contiguous transmissions
References
[1] R4-1803296
WF on FR2 SEM, Samsung 

[2] R4-1700305
LS on Characteristics of terrestrial IMT systems for frequency sharing/interference analysis in the frequency range between 24.25 GHz and 86 GHz
[3] R4-1804862     Draft CR on FR2 UEM, Nokia, Nokia Shanghai Bell

3GPP


