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1 Background 
The boundary between out-of-band and spurious domain has been discussed in several RAN4 meetings [1-8]. Specifically, a proposal was made in [7] that NR should be specified with an UEM defined with an offset from the band edge of 40 MHz for bands wider than 100 MHz. Based on the discussion, a Way Forward was agreed in [8].
The present paper complements that paper in [7] with band filter analysis. A proposal building on the agreed way-forward in [8] together with the analysis is made.

2 Previous discussion and agreements
The background of the legacy spurious emission limits for LTE and UMTS are discussed in subclause 8.2.1 of TR 38.803 [9] and further in of TR 25.942 [10], 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.

The limits for UTMS and LTE consist of an Unwanted Emission mask (UEM) that extends out to an offset ΔfUEM = 10 MHz outside the operating band, using a -15 dBm/MHz level as baseline. The spurious domain level is -30 dBm outside the band (for bands within 1 to 6 GHz)

It was noted in [7], that for operation of NR in some of the new bands considered, there are new aspects to consider:

1. The new operating bands may have larger total bandwidth WBand than in many existing bands, being up to 400 MHz wide or more.

2. The larger bands will enable larger frequency blocks for each operator and consequently larger transmission bandwidth BWTx.

3. NR will also have the capability to operate with wider carriers. 

Both the wider operating bands and the wider transmission bandwidth used for NR will make it difficult to reach the spurious domain limit of -30 dBm/MHz at 10 MHz outside the edge of the operating band. This is even more the case for an AAS type BS with many transceivers, each having individual filters, where the wider bandwidths will further complicate implementation of strict emission requirements at the band edges. 
Based on an analysis of what the existing regulation allows and the implications of wider operating bands it was proposed in [7] that NR should be specified with an UEM defined with ΔfUEM = 40 MHz for bands wider than 100 MHz.

A way-forward was agree in [8] with the following agreements:

1. Use UEM principle (band-centric) for emissions below 6 GHz

2. For specific wider bands allowing wide RF channels, ΔfUEM can be larger than 10 MHz

a) Investigate ΔfUEM larger than 10 MHz

b) Study filter feasibility for AAS-type BS and the impact on ΔfUEM 

3. The same emission levels as for LTE should be used within the frequency range (FDL_low – ΔfUEM) ~ (FDL_high + ΔfUEM).
This paper addresses point 2 a) and b) including the filter feasibility to further motivate the increase of ΔfUEM above 10 MHz.
3 Band filter analysis

A comparative filter analysis was performed in the 3.5 GHz band range with band filters for 100, 200 and 400 MHz bandwidths. Because of the TDD operation, both receiver and transmitter will drive the filter requirement:

· For the receiver, an in-band blocking of -43 dBm and “out-of-band” of -15 dBm is assumed, 
requiring a 28 dB filter attenuation.

· For the transmitter, a UEM level of -15 dBm/MHz is assumed inside the operating band and -30 dBm/MHz spurious level outside the band, requiring a 15 dB filter attenuation.

The present LTE requirement set the out-of-band blocking at 20 MHz offset and the spurious level at 10 MHz offset. With TDD Tx and Rx through the same filter, it will be Rx that is limiting with the following filter requirement:
20/10: 20 MHz / -28 dB, 10 MHz / -15 dB (present requirement)

This case is investigated together with the following additional cases, to accommodate larger bandwidths:
30/25: 30 MHz / -28 dB, 25 MHz / -15 dB

40/30: 40 MHz / -28 dB, 30 MHz / -15 dB
The following additional assumptions are made:

· 1 dB typical loss for the worst 20 MHz carrier within the band.

· Filter size is for for 1-2W / branch
· Indicated filter sizes are for a reasonable technology choice – best cost and size combination.
For achieving many poles and high Q, and where margins for temperature drift and production tolerances etc. are small, the filter technology choice is metal cavity. For fewer poles and lower Q values up to approximately 1000, and where larger margins are available, ceramic filters is the technology of choice, providing smaller cost and size.
The resulting filter to achieve the three different filter requirements defined above are shown in Table below for 100, 200 and 400 MHz bandwidths. The choice of technology and filter volume are shown together with the filter parameters.

Table 1: Investigated filter options.

	BANDWIDTH
	Case 20/10
	Case 30/25
	Case40/30

	100 MHz
	8 poles, Q=2000
Cavity (1.8 L)
	6 poles, Q=1100
Ceramic (0.26 L)
	5 poles, Q=900
Ceramic (0.13 L)

	200 MHz
	10 poles, Q=2000
Cavity (2.3 L)
	8 poles, Q=1100
Ceramic (0.35 L)
	7 poles, Q=900
Ceramic (0.2 L)

	400 MHz
	12 poles, Q=1800
Cavity (2.3 L)
	10 poles, Q=1100
Cavity (1.1 L)
	9 poles, Q=900
Ceramic (0.25 L)


The resulting filter performance is shown in Figure 1 and Figure 2, where the same plots are shown in both figures, but organized differently. Figure 1 demonstrates for each guard band case how the three different bandwidths are accommodated. Figure 2 shows for each bandwidth how the filters meet the three different guard band cases.
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Figure 1: Filter attenuation curves for the three different guard band cases: 40/30, 30/25 and 20/10.
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Figure 2: Filter attenuation curves for the three different bandwidths: 400, 200 and 100 MHz.

The plots show that the three filter requirement cases can be met with the filter parameters in Table 1.

For AAS-type systems with e.g. 64 elements, having a 2 L cavity filter per element is not a feasible solution. The analysis shows that in order to support up to 400 MHz bandwidth, a ceramic filter of much more manageable size can be accommodated for the 40/30 requirement case.

To make this possible for the receiver side, the offset for out-of-band blocking would then need to be extended from 20 MHz to 40 MHz. For the transmitter side, the spurious emission limit of -30 dBm/MHz must not be applied before a 30 MHz offset.

4 Proposal
Based on the filter analysis in this paper for wider operating bands and previous RAN4 agreements, the following is proposed:
PROPOSAL 1: NR should be specified with an UEM defined with ΔfUEM ≥ 30 MHz for bands wider than 100 MHz.

PROPOSAL 2: NR should be specified with an out-of-band blocking requirement starting 40 MHz from the operating band edge for bands wider than 100 MHz.
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