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1	Introduction
WF on BS RF requirements for NR was approved in [1]. TP on boundary between spurious and OOB domain was approved in [2].

In this contribution we discuss further on how to specify boundary between unwanted and spurious emissions for NR BS.

2	Discussion
As agreed in [1] the following principles are considered for defining BS unwanted emissions:

· FCC limits for mmWave bands as a starting point
· The absolute limits should be defined for NR
· Boundary may not be aligned with the ITU-R recommendation. Instead, it should depend on the channel BWs adopted by NR and the band filter rejection capability

Further investigations was recommended in the following areas:
· Carrier-centric SEM or the band/carrier-centric UEM principle
· Choice of border between OOB and spurious domain
· Choice of absolute or relative levels
· Choice of actual value for ACLR requirement
· Follow ACLR agreement; intention is to use new name for TRP metric

2.1	Unwanted emissions
For bands below 6 GHz it has been approved in RAN4 that existing 3GPP requirements for LTE and MSR including AAS should be re-used for NR as much as possible. Assumption would be that principles for defining unwanted emissions will be the same for NR as for LTE. This is particularly relevant for the BS, where requirements will need to be defined also for MSR BS, involving existing LTE and UMTS limits. Careful consideration is needed when defining new bands for NR below 6GHz, Different approach may be needed, especially with wider BWs than specified today.

Following sub-clauses discusses further on how to specify unwanted emissions requirements for bands above 6 GHz. OTA ACLR will be specified based on new definition approved in eAAS WF [5]. Open issues for setting ACLR requirements will be discussed further in eAAS WI. 


2.1.1	SEM or UEM principle
Spectrum emission mask (SEM) principle was applied for UMTS. The boundary between the out-of-band and spurious domain is based on the “250% rule” in ITU‑R SM.329. The boundary between the out-of-band and spurious domain is fundamentally based on a 5 MHz channel bandwidth, placing it at 12.5 MHz from the carrier centre (10 MHz from the channel edge). This 10 MHz assumption originates from the UMTS 5 MHz carrier and is in 3GPP also applied for LTE BS transmissions, applying as a stricter requirement also to 10, 15 or 20 MHz RF bandwidth.
Operating band unwanted emission mask (UEM) principle was applied for LTE with a motivation that emissions were influenced largely by band filtering. UEM is a unified definition of all unwanted emission within the operating band, plus in 10 MHz on each side. Outside of that range, spurious emissions are defined as shown in figure 1.


Figure 1: LTE spurious emissions and operating band unwanted emissions (from TR 36.942)

RAN4#80bis agreed to take FCC limits for above 6 GHz bands as a starting point. Figure 2 shows the proposed spectrum emission mask for NR above 6GHz, where X denotes the channel BW of NR and Y is determined by the maximum output power and ACLR value. Similar to LTE, it was proposed that the mask in the second adjacent channel is determined by ACLR value [4].


Figure 2: Proposed spectrum emission mask for NR
This mask may overlap with the spurious domain if the boundary is set as fixed value. Small frequency offset from the band edge may not be enough for wider NR channel BWs considering the filter rejection capability. Wider BWs may therefore need to consider also 250% principle together with UEM.

2.1.2	Boundary between OOB and spurious domain
Compared to past NR support wider carriers and different numerologies. For a carrier placed at the edge of a band, the unwanted emission levels outside the band will depend on the carrier bandwidth and numerology, but also on any passband filtering applied for the band. Such a filter is more challenging for higher bands for AAS-type systems, in terms of achieving high attenuation close to the band.
For the new bands we may need to consider again the “250% rule”. The rule for wider carriers and higher bands is defined in ITU-R Recommendation SM.1539-1, as shown in Table 1. The recommendation defines a threshold value BU for the necessary bandwidth BN of the transmission. When the bandwidth of the transmission is higher than the threshold BU, the 250% rule (2.5 BN) is replaced by the rule listed in the “Separation” column, resulting in a separation somewhere between 150% and 250% of the necessary bandwidth.
Table 1: Guideline values for the boundary of the spurious domain 
(Extracted from ITU-R SM.1539)
	
Frequency
range
	Normal
separation
	Wideband case
(BN  BU)

	
	
	BU
	Separation

	30 MHz  fc  1 GHz
	2.5 BN
	10 MHz
	1.5 BN + 10 MHz

	1 GHz  fc  3 GHz
	2.5 BN
	50 MHz
	1.5 BN + 50 MHz

	3 GHz  fc  10 GHz
	2.5 BN
	100 MHz
	1.5 BN + 100 MHz

	10 GHz  fc  15 GHz
	2.5 BN
	250 MHz
	1.5 BN + 250 MHz

	15 GHz  fc  26 GHz
	2.5 BN
	500 MHz
	1.5 BN + 500 MHz

	fc  26 GHz
	2.5 BN
	500 MHz
	1.5 BN + 500 MHz



Recommended boundary offsets for some possible NR BWs above 6 GHz are shown in Table 2. Threshold values are highlighted by orange.

Table 2: Boundary offsets for example NR BWs
	Frequency range
	Channel BW, BN
	BU
	Normal separation
	Separation     BN > BU
	Offset from band edge [MHz]

	6 GHz  fc  10 GHz
	40
	100
	100
	
	80

	 
	80
	100
	200
	
	160

	 
	100
	100
	250
	
	200

	 
	200
	100
	500
	400
	300

	 
	800
	100
	2000
	1300
	900

	 
	1000
	100
	2500
	1600
	1100

	10 GHz  fc  15 GHz
	40
	250
	100
	
	80

	 
	100
	250
	250
	
	200

	
	200
	250
	500
	
	400

	 
	250
	250
	625
	
	500

	 
	800
	250
	2000
	1450
	1050

	 
	1000
	250
	2500
	1750
	1250

	fc  15 GHz
	40
	500
	100
	
	80

	 
	100
	500
	250
	
	200

	 
	200
	500
	500
	
	400

	 
	500
	500
	1250
	
	1000

	 
	800
	500
	2000
	1700
	1300

	 
	1000
	500
	2500
	2000
	1500




Offset from band edge in the right most column is calculated according to applicable separation indicated by green highlight. It can be seen that for instance:
· channel BW 100 MHz lead to 200 MHz offset from band edge in all frequencies above 6 GHz
· channel BW 200 MHz lead to 400 MHz offset from band edge in all frequencies above 10 GHz
· channel BW 800 MHz lead to 1300 MHz offset from band edge in all frequencies above 15 GHz

[bookmark: _GoBack]RAN4 has different options for setting the requirement:
1) Single fixed boundary for all bands. The value could be based on 100 MHz channel BW. Based on ITU-R recommendation this would lead to offset value 200 MHz from the band edge in all frequencies above 6 GHz. Drawback is that for channel BWs wider than 100 MHz the emission mask will overlap with spurious domain.
2) Multiple fixed boundaries based on frequency range. These could be set so that mask do not overlap with spurious domain. For example channel BWs in table 2 this would mean:
a. offset value 200 MHz from the band edge in 6 GHz < fc < 10 GHz
b. offset value 500 MHz from the band edge in 10 GHz < fc < 15 GHz
c. offset value 1000 MHz from the band edge in fc > 15 GHz
3) Variable boundary based on frequency range and channel BW as in the last column in table 2.

Option 1 is overlapping region with spurious domain and it is too tight for higher frequencies. It is also difficult to select single value for the wide frequency range assumed for NR. Option 3 takes into account the frequency and channel BW impact but variability would lead to complex specification. Therefore our preference is to specify multiple fixed boundaries based on frequency range so that mask do not overlap with spurious domain. 

3	Conclusions
Based on findings in this contribution we have the following proposal.

Proposal 1:  For unwanted emissions specify multiple fixed boundaries based on frequency range so that mask do not overlap with spurious domain.
· Offset value 200 MHz from the band edge in 6 GHz < fc < 10 GHz
· Offset value 500 MHz from the band edge in 10 GHz < fc < 15 GHz
· Offset value 1000 MHz from the band edge in fc > 15 GHz 
· FFS if additional offsets are needed in higher frequencies
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