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Background
The boundary between out-of-band and spurious domain has been discussed in several RAN4 meetings. It was agreed at RAN4#83 in Hangzhou that NR should be specified with an Unwanted Emissions Mask defined with an offset from the band edge of 40 MHz for bands wider than 100 MHz [5]. Based on the agreed WF, this contribution makes further proposals for the unwanted emissions below 6 GHz.
Discussion

The background of the legacy unwanted emission emission limits for LTE and UMTS are discussed in subclause 8.2.1 of TR 38.803 [6] and further in of TR 25.942 [7], subclause 14.2.1. The principle for defining the boundary between the spurious and Out-of-band (OOB) domains, which was developed together with ETSI and CEPT, is described in those documents.

How to set the boundary and the limits for NR has been discussed in several meetings, in particular concerning the offset from the band edge ΔfUEM over which the Unwanted Emission Mask is defined. Multiple proposals were made to RAN4#83 in Hangzhou [1-4]. Based on discussions, a way-forward was agreed in [5] with the following points:

1. ΔfUEM =40 MHz for NR bands wider than 100 MHz as baseline for the boundary between UEM and spurious emission( for both Cat A and Cat B );  

2. The same emission levels for LTE should be used with frequency range (FDL_low– ΔfUEM) ~ (FDL_high+ΔfUEM) 

3. Applicability of regional requirement for NR only bands could be considered further, however relaxed regional emission mask should be excluded for further discussion;
This paper addresses the task of how to specify the Unwanted Emissions Mask (UEM) for bands below 6 GHz, based on the way-forward agreed in [5].
Proposed specification text
Based on Way-forward point 2, the limits would for NR would fundamentally be the same as for LTE in TS 36.104 [9]. There are however a wide range of tables for the UEM in TS 36.104, depending on BS class, regulatory conditions etc. The following variations exist:

· Channel bandwidth: Three sets of limits are defined, with common limits for 5, 10, 15 and 20 MHz channel bandwidth and separate sets for 1.4 and 3 MHz.
· Base Station Classes: Four sets of limits are defined, for Wide Area BS, Medium Range, Local Area BS, and Home BS.

· Category of emissions: Two sets of limits are defined, for Category A and Category B spurious emission limits as defined in Recommendation ITU-R SM.329.

· Optional regulatory requirements: For Category B spurious emission limits, there are Option 1 and Option 2 requirements.

· Frequency range: Two sets of Category B limits are defined, since they are slightly different below and above 1 GHz.

· Power level: The medium range limits (Category A and B) are split into two sets depending on BS output power.

· Band specific limits: Two separate set of limits are defined for Band 46, covering Medium Range and Local Area BS for two channel bandwidths.

· RAT specific limits: A separate set of limits is defined for NB-IoT, covering Wide area BS.

It all combines into a total of 30 sets of UEM limits defined for LTE, which makes the specification very difficult to read. While it is agreed to apply the LTE emission levels also to NR, possibilities to exploit synergies and to clean up the diverse set of limits should be undertaken when NR is specified. 
In the BS RF specification, the conducted UEM limits are put in subclause 6.6.4 “Operating band unwanted emissions”. It is expected that there will be multiple tables describing the UEM, similar to the way done for LTE in TS 36.104. The following is the minimum variations that should be applied for the UEM:
· Frequency range: the limits in Range 1 (below 6 GHz) and Range 2 (mmWave) will be quite different and may not even be based on the same principle (UEM vs. SEM). 

· BS classes: In the same way as for TS 36.104, separate sets of limits should be defined for the BS classes.

· Category of emissions: In the same way as for TS 36.104, two sets of limits should defined, for Category A and Category B spurious emission limits as defined in Recommendation ITU-R SM.329.

· Narrower (legacy) and new wider bands: Because of the agreed way-forward point 1, separate sets of limits will be needed for the legacy narrower bands and new bands that are wider than 100 MHz.

These are the fundamental variations that must be covered, others should be further discussed. The one with the most impact is Frequency range, so that one should have a division into subclauses on the next level below 6.6.4 (6.6.4.1 and 6.6.4.2). For the other variations, further discussions may be needed before a decision is made.
For the channel bandwidth, NR will not have below 5 MHz bandwidth. This at least removes the factor of three in number of tables that always applied for LTE. The limits can thus implicitly apply for all possible NR channel bandwidths.

The division into narrower and wider bands is most likely best done by having separate tables and simply identify the bands concerned in the Table heading. With an explosive growth in the number of bands, alternative approaches could be considered.
PROPOSAL: The unwanted emission limits in TS 38.104 will be divided according to frequency range, BS class and Category of emissions. There should also be separate sets of limits for narrower (legacy) operating bands and new wider bands (wider than 100 MHz).

Based on the discussion above, two example tables are given below for Category A Wideband UEM. The first table is for narrower bands

Table 6.6.4.1.X-X: Wide Area BS operating band unwanted emission limits for Category A in Operating bands [Y,]
	Frequency offset of measurement filter ‑3dB point, (f
	Frequency offset of measurement filter centre frequency, f_offset
	Minimum requirement
	Measurement bandwidth (Note 8)

	0 MHz ( (f < 5 MHz
	0.05 MHz ( f_offset < 5.05 MHz
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	100 kHz 

	5 MHz ( (f < 

min(10 MHz, (fmax)
	5.05 MHz ( f_offset < 

min(10.05 MHz, f_offsetmax)
	-14 dBm
	100 kHz 

	10 MHz ( (f ( (fmax
	10.5 MHz ( f_offset < f_offsetmax 
	-13 dBm (Note 1)
	1MHz 

	NOTE 1:
The requirement is not applicable when (fmax < 10 MHz.


Table 6.6.4.1.X-X: Wide Area BS operating band unwanted emission limits for Category A in Operating bands [Z,]
	Frequency offset of measurement filter ‑3dB point, (f
	Frequency offset of measurement filter centre frequency, f_offset
	Minimum requirement (Note 1, 2)
	Measurement bandwidth (Note 8)

	0 MHz ( (f < 5 MHz
	0.05 MHz ( f_offset < 5.05 MHz
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	100 kHz 

	5 MHz ( (f < 

min(40 MHz, (fmax)
	5.05 MHz ( f_offset < 

min(40.05 MHz, f_offsetmax)
	-14 dBm
	100 kHz 

	40 MHz ( (f ( (fmax
	40.5 MHz ( f_offset < f_offsetmax 
	-13 dBm (Note 1)
	1MHz 

	NOTE 1:
The requirement is not applicable when (fmax < 40 MHz.


Proposal

Based on the present status of discussions for NR unwanted emission limtis, the following is proposed:
PROPOSAL: The unwanted emission limits in TS 38.104 will be divided according to frequency range, BS class and Category of emissions. There should also be separate sets of limits for narrower (legacy) operating bands and new wider bands (wider than 100 MHz).
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