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Background

Proposals for how to draft an Operating band unwanted emissions mask (UEM) for band category 1 were agreed at RAN4#50bis [9] and merged into the Work Item TR [2]. A number of contributions were also made on a UEM for Band Category 2 [2-8] and very good discussions were held at the MSR Ad Hoc meeting, where two main alternatives for defining the requirement were on the table [6,7]. The discussions are summarized in the MSR Ad hoc report [11], where a way forward was documented for the UEM discussion. Particular attention should be given to how the mask meets the different operator scenarios for adjacent system combinations such as GSM/GSM (three possible configurations), GSM/UTRA, GSM/E-UTRA etc., and on the need for IM attenuation limits.

This paper proposes UEM limits for BC2 based on the agreed mask for BC1, but with additions that make it possible to meet the BC2 operator scenarios.

Deployment scenarios
MSR Base Stations will be deployed in many different operator scenarios in Band Category 2. Since most bands in BC2 are deployed with GSM and/or other systems today, it is important that these existing scenarios can still be met.
In BC2 bands where GSM operations dominate, there are three main scenarios identified for how two operators share a common license block edge. These are

1. Two guard carriers between operators, with one guard carrier inside the license block of each operator. 
(See Figure 1) 

2. One guard carrier between the operators, with the guard carrier placed on the license block edge. For this scenario, the outermost carrier of each operator may need to be configured with a lower carrier power (to meet e.g. the FCC Title 47 limits). (See Figure 2)
3. No explicit guard carrier. This requires co-ordination between operators, where one operator would not use its outermost carrier in one geographical area (case 1), while the other operator would do the same thing in another geographical area (case 2). (See Figure 3)
In many operating bands such as GSM900, option 3 above seems to be the most common scenario. The scenarios are illustrated in Figures 1 to 3 below. Since the third scenario in practice means that there is one implicit guard carrier that the two operators take turn in not using, the implication is that the case with one guard carrier is the limiting scenario. With one guard carrier, the Operating band UEM would have to start at Foffset,RAT = 200 kHz from the carrier centre, i.e. at the license block edge in the scenario in Figure 2.
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Figure 1 Scenario between two GSM systems operated with two guard carriers between operators.
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Figure 2 Scenario between two GSM systems operated with one guard carriers between operators.
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Figure 3 Scenario between two GSM systems operated without explicit guard carrier, where operators take turn in not using the carrier closest to the license block edge.

An additional scenario to support in Band Category 2 is a GSM system operating adjacent to a UTRA carrier as shown in Figure 4. This scenario has been studied extensively in 3GPP for many bands in Band Category 2 and is thus well-proven. Since the UTRA mask was agreed as the common mask for UTRA and E-UTRA in Band Category 1, this scenario can also apply for E-UTRA, assuming BWchannel ≥ 5 MHz.
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Figure 4 Scenario with UTRA and a GSM operated with 2.8 MHz carrier spacing. The same scenario applies for E-UTRA (BWchannel ≥ 5 MHz), assuming the UTRA mask as agreed for BC1.

For E-UTRA with 1.4 and 3 MHz channel BW, the scenario in Figure 4 cannot apply directly, since it was agreed to have an increased frequency offset to Foffset,RAT = BWchannel/2 + 200 kHz for those cases. This was based on the assumption that scenarios for E-UTRA with 1.4 and 3 MHz BW were not so likely in Band Category 1. In Band Category 2 they are more likely however, since those smaller channel bandwidths were derived from frequency restricted scenarios in BC2 operating bands. A possible scenario is shown in Figure 5.
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Figure 5 Scenario with 1.4 MHz E-UTRA and GSM operated with 1.0 MHz carrier spacing (700+300 kHz).

It is illustrated in Figure 5 that the E-UTRA mask is designed to handle the higher spectral density of the 1.4 MHz E-UTRA carrier at BWchannel/2=700 kHz from the carrier centre by allowing for a higher level than the UTRA mask at that point. For BC1, it was concluded that this could be handled within the UTRA mask by increasing Foffset,RAT to BWchannel/2 + 200 kHz = 900 kHz. The implication is in fact that the UTRA mask level is workable also in the scenario in Figure 5, if the mask level is adjusted in the first ~200 kHz closest to the channel edge, while the UTRA mask is kept for the rest of the frequency range. The same is possible for the 3 MHz E-UTRA carrier.
UEM proposal for Band Category 2

The scenarios in Figures 1, 2 and 3 above showed that Base Stations in BC2 may operate with GSM carriers 200 kHz from the license block edge and the corresponding unwanted emission levels, implying that those level are also possible for an MSR BS transmitting GSM with Foffset,RAT = 200 kHz. In the same way, the UTRA and E-UTRA scenarios in Figure 4 showed that UTRA transmission and the corresponding unwanted emission levels are possible for an MSR BS, leading to the same mask levels as in BC1. As was also demonstrated earlier in the MSR discussions in RAN4 [12], emissions from a multi-RAT MSR transmitter may consist of a mix of wideband emissions from UTRA/E-UTRA carriers and narrowband “spikes” from GSM carriers. A generic multi-RAT requirement taking all scenarios into account would therefore need to accommodate both wideband emissions and the narrower “spikes”.
Such a mask is shown in Figure 6. In the left part of the figure, UTRA and GSM spectrum masks are drawn based on 43 dBm carrier levels and with Foffset,RAT = 200 kHz for GSM. These two masks are merged into the blue mask in the right part of the figure, forming a new mask (UEM for BC2) that can accommodate scenarios with GSM and UTRA at the RF bandwidth edge (Figures 1, 2, 3 and 4), plus E-UTRA scenarios with BWchannel ≥ 5 MHz (Figure 4). The mask is identical to the UTRA mask adopted for BC1, except for the first 139 kHz (the cross-over point between masks).

For all scenarios except the GSM ones, the red UTRA mask would be applicable, so the blue part in the first 139 kHz of the UEM would only apply when a GSM carrier is at the RF bandwidth edge. This results in a generic mask, which fundamentally is the same as in Band Category 1, with a limited exception for scenarios with a GSM carrier at the RF bandwidth edge.
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Figure 6 Proposed UEM for BC2 based on GSM, UTRA and E-UTRA scenarios.

For the scenario in Figure 5 with E-UTRA and BWchannel < 5 MHz, it would be possible to use the same combined UEM in Figure 6. Also here, the red UTRA mask can apply, except for the case when the narrower E-UTRA carrier is right at the RF bandwidth edge.

The UEM for BC2 derived above is introduced in the attached text proposal. As proposed in [7], there is in addition a GSM intermodulation attenuation requirement that applies at the frequencies of GSM IM products.
Proposal

It is proposed that the attached text proposal is included in the MSR work Item TR [1].
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TEXT PROPOSAL:

5.2.1
Band category 1 scenarios (BC1)

BC1 requirements for receiver and transmitter shall apply with a frequency offset from the lowest and highest carriers to the RF bandwidth edge (Foffset, RAT) as defined in Table 5.2.1-1. 

Table 5.2.1-1:  Foffset, RAT for Band Category 1

	RAT
	Foffset, RAT

	1.4, 3 MHz E-UTRA
	BWChannel/2 + 200 kHz

	5, 10, 15, 20 MHz E-UTRA
	BWChannel/2

	UTRA
	2.5 MHz


<Text will be added.>

5.2.2
Band category 2 scenarios (BC2)

BC2 requirements for receiver and transmitter shall apply with a frequency offset from the lowest and highest carriers to the RF bandwidth edge (Foffset, RAT) as defined in Table 5.2.2-1. 

Table 5.2.2-1:  Foffset, RAT for Band Category 1

	RAT
	Foffset, RAT

	E-UTRA
	BWChannel/2 

	UTRA
	2.5 MHz

	GSM
	200 kHz


6.6.1
Operating band unwanted emissions

<Text will be added.>
6.6.1.4
Derivation of requirement

<Text will be added. (Derivation of the generic UEM based on the UTRA mask is in another TP in R4-091836.)>
6.6.1.4.1
Additional UEM limits for GSM in Band Category 2
For Band Category 2, there is a range of existing operator scenarios that are supported by today’s GSM specification. These include scenarios where a GSM carrier is placed as close as 200 kHz from the license block edge. In scenarios where two operators use the carrier closest to their respective license block edges in full coordination, the carriers may be placed even closer. The implication for MSR is that requirements need to be defined with Foffset, RAT =200 kHz (see clause 5.2.2). 
The UEM for BC1 derived from the UTRA mask has a level of -14 dBm/30 kHz at the RF bandwidth edge, while the spectrum mask in TS 45.005 [5] for a 43 dBm GSM carrier has a level of +5 dBm/30 kHz at 200 kHz from the carrier centre. At that point, the UEM for BC1 is thus 19 dB stricter than the GSM mask. Already at 339 kHz from the carrier centre however, the GSM mask is at the same level as the BC1 mask level based on UTRA.
For most scenarios that include combinations of UTRA and E-UTRA operation, the UEM derived for BC1 based on the UTRA mask is applicable. In order to define a generic requirement for both BC1 and BC2 covering all scenarios, the UEM for BC2 can be based on the same UTRA mask levels as for BC1. For the frequency range closest to the RF bandwidth edge, an exception for GSM carriers would however be needed as explained above. The minimum requirement presented for BC2 below allows for emission levels up to the GSM spectrum emission mask level for 0 to 130 kHz from the RF bandwidth edge (130 kHz is round-off from 139kHz). For larger offsets, the same mask applies as for BC1.
For Band Category 2, TS 45.005 [5] also defines an Intra BTS intermodulation attenuation requirement that applies at the intermodulation frequencies resulting from the GSM carriers. For MC-BTS, two “BS classes” are defined that each have a separate IM requirements level defined. These levels will apply in addition to the generic UEM for BC2 due to characteristics of a transmitted signal consisting of two or more RATs where one is GSM.
6.6.1.4.2
Additional UEM limits for E-UTRA in Band Category 2

The operator scenarios used to define the 1.4 and 3 MHz E-UTRA channel bandwidths were based on deployments in limited size license block that would require operation of those carriers with 1.4 and 3 MHz blocks in BC2 bands. The implication for MSR is that requirements need to be defined with Foffset, RAT = BWChannel/2 also for these channel bandwidths (see clause 5.2.2).
The UEM for BC1 derived form the UTRA mask has a level of -14 dBm/30 kHz at the RF bandwidth edge, while the spectrum mask in TS 36.104 [4] for a1.4 MHz E-UTRA carrier has a level of -6.2 dBm/30 kHz at channel edge (700 kHz from the carrier centre). At that point, the UEM for BC1 is thereby 8 dB stricter than the 1.4 MHz E-UTRA mask. A mask level higher than the BC1 UEM would thereby be needed, but already at less than 200 kHz from the channel edge it would be possible to apply the UEM mask for BC1 based on UTRA. The same applies for 3 MHz E‑UTRA carriers at the RF bandwidth edge.

In the same way as for GSM, a generic requirement for both BC1 and BC2 covering all scenarios including 1.4 and 3 MHz E-UTRA, can thus be based on the UTRA mask levels as for BC1 and the same exception for the first 130 kHz can be introduced to handle the scenarios where the 1.4 and 3 MHz E-UTRA carriers are adjacent to the RF bandwidth edge.
This results in a generic UEM requirement, which is identical in BC1 and BC2 for all scenarios, with an exception for the first 130 kHz kHz of the UEM in cases where a GSM, E-UTRA 1.4 MHz or E-UTRA 3 MHz carrier is adjacent to the RF bandwidth edge.

6.6.1.5
Minimum requirement (Band Category 1)

Operating band unwanted emission requirements are defined above the upper and below the lower RF bandwidth edge located at FBW RF,high , respectively FBW RF,low and shall apply within the downlink operating band and in addition the frequency ranges 10 MHz above and 10 MHz below this band. Unwanted emissions outside this frequency range shall be limited by spurious emissions requirements.
The requirements shall apply whatever the type of transmitter considered (single RAT or multi-RAT, single carrier or multi-carrier) and for all transmission modes foreseen by the manufacturer's specification. 

The requirements shall apply with values for Foffset, RAT as specified in Table 5.2.1-1.

Emissions shall not exceed the maximum levels specified in the tables below, where:

-
(f is the separation between the RF bandwidth edge frequency and the nominal -3dB point of the measuring filter closest to the carrier frequency.

-
f_offset is the separation between the RF bandwidth edge frequency and the centre of the measuring filter.

-
f_offsetmax is the offset to the frequency 10 MHz outside the downlink operating band.

-
(fmax is equal to f_offsetmax minus half of the bandwidth of the measuring filter.

Since the limits are to a large part based on regulatory requirements, the test tolerance shall be zero when deriving the test requirement for Operating band unwanted emissions.

Table 6.6.1.5-1: Operating band unwanted emission mask (UEM for BC1) 
	Frequency offset of measurement filter ‑3dB point, (f
	Frequency offset of measurement filter centre frequency, f_offset
	Minimum requirement
	Measurement bandwidth (Note 2)

	0 MHz ( (f < 0.2 MHz
	0.015MHz ( f_offset < 0.215MHz 
	-14 dBm
	30 kHz 

	0.2 MHz ( (f < 1 MHz
	0.215MHz ( f_offset < 1.015MHz
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	30 kHz 

	(Note 1)
	1.015MHz ( f_offset < 1.5 MHz 
	-26 dBm
	30 kHz 

	1 MHz ( (f ( [10 MHz] 
	1.5 MHz ( f_offset < [10.5 MHz]
	-13 dBm
	1 MHz 

	[10 MHz] ( (f ( (fmax
	[10.5 MHz] ( f_offset < f_offsetmax 
	-15 dBm
	1 MHz 


NOTE 1:
This frequency range ensures that the range of values of f_offset is continuous.

NOTE 2:
As a general rule for the requirements in subclause 6.6.1.3, the resolution bandwidth of the measuring equipment should be equal to the measurement bandwidth. However, to improve measurement accuracy, sensitivity and efficiency, the resolution bandwidth may be smaller than the measurement bandwidth. When the resolution bandwidth is smaller than the measurement bandwidth, the result should be integrated over the measurement bandwidth in order to obtain the equivalent noise bandwidth of the measurement bandwidth.


6.6.1.6
Minimum requirement (Band Category 2)

Operating band unwanted emission requirements are defined above the upper and below the lower RF bandwidth edge located at FBW RF,high , respectively FBW RF,low and shall apply within the downlink operating band and in addition the frequency ranges 10 MHz above and 10 MHz below this band. Unwanted emissions outside this frequency range shall be limited by spurious emissions requirements.
The requirements shall apply whatever the type of transmitter considered (single RAT or multi-RAT, single carrier or multi-carrier) and for all transmission modes foreseen by the manufacturer's specification. 

The requirements shall apply with values for Foffset, RAT as specified in Table 5.2.2-1.

Emissions shall outside of each RF bandwidth edge not exceed the maximum levels specified in the tables below, where:

-
(f is the separation between the RF bandwidth edge frequency and the nominal -3dB point of the measuring filter closest to the carrier frequency.

-
f_offset is the separation between the RF bandwidth edge frequency and the centre of the measuring filter.

-
f_offsetmax is the offset to the frequency 10 MHz outside the downlink operating band.

-
(fmax is equal to f_offsetmax minus half of the bandwidth of the measuring filter.

Since the limits are to a large part based on regulatory requirements, the test tolerance shall be zero when deriving the test requirement for Operating band unwanted emissions.

Table 6.6.1.6-1: Operating band unwanted emission mask (UEM for BC2) 
	Frequency offset of measurement filter ‑3dB point, (f
	Frequency offset of measurement filter centre frequency, f_offset
	Minimum requirement
	Measurement bandwidth (Note 5)

	0 MHz ( (f < 0.2 MHz
(Note 1)
	0.015MHz ( f_offset < 0.215MHz 
	-14 dBm
	30 kHz 

	0.2 MHz ( (f < 1 MHz
	0.215MHz ( f_offset < 1.015MHz
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	30 kHz 

	(Note 4)
	1.015MHz ( f_offset < 1.5 MHz 
	-26 dBm
	30 kHz 

	1 MHz ( (f ( [10 MHz] 
	1.5 MHz ( f_offset < [10.5 MHz]
	-13 dBm
	1 MHz 

	[10 MHz] ( (f ( (fmax
	[10.5 MHz] ( f_offset < f_offsetmax 
	-15 dBm
	1 MHz 

	NOTE 1: 
For operation with a GSM carrier at Foffset, RAT < 400 kHz or an E-UTRA carrier (1.4 or 3 MHz) at Foffset RAT < BWChannel/2 + 200 kHz, the limits in Table 6.6.1.6-2 apply for 0 MHz ( (f < 0.13 MHz.


Table 6.6.1.6-2: Operating band unwanted emission limits for operation in BC2 with GSM or E-UTRA 1.4 or 3 MHz carriers adjacent to the RF bandwidth edge 
	Frequency offset of measurement filter ‑3dB point, (f
	Frequency offset of measurement filter centre frequency, f_offset
	Minimum requirement
	Measurement bandwidth (Note 5)

	0 MHz ( (f < 0.05 MHz
	0.015MHz ( f_offset < 0.065MHz 
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	30 kHz 

	0.05 MHz ( (f < 0.13 MHz
	0. 065MHz ( f_offset < 0.145MHz 
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	30 kHz 

	NOTE 2: 
The limits in this table only apply for operation with a GSM carrier at Foffset, RAT < 400 kHz or an E-UTRA carrier (1.4 or 3 MHz) at Foffset RAT < BWChannel/2 + 200 kHz.


NOTE 3:
All limits in Table 6.6.1.6‑1 are identical to the corresponding limits for Band Category 1.

NOTE 4:
This frequency range ensures that the range of values of f_offset is continuous.

NOTE 5:
As a general rule for the requirements in subclause 6.6.1.3, the resolution bandwidth of the measuring equipment should be equal to the measurement bandwidth. However, to improve measurement accuracy, sensitivity and efficiency, the resolution bandwidth may be smaller than the measurement bandwidth. When the resolution bandwidth is smaller than the measurement bandwidth, the result should be integrated over the measurement bandwidth in order to obtain the equivalent noise bandwidth of the measurement bandwidth.

For any Band Category 2 RAT combination that includes GSM, the UEM limits in tables 6.6.1.6-1 and 6.6.1.6-2 apply, except for the additional GSM transmit intermodulation attenuation defined below. For an MSR BS operating with GSM carriers, the average power measured at centre frequency of GSM carrier intermodulation components at f_offset > 1.8 MHz over a timeslot shall not exceed the values below. The requirements in either Table 6.6.1.6-3 or Table 6.6.1.6-4 apply, depending on the MSR BS class. The MSR BS class is declared by the manufacturer and defined in the same way as the MC-BTS BS classes in [5].
Table 6.6.1.6-3: Intermodulation attenuation requirement for GSM carriers in BC2 (MSR BS Class 1)
	Frequency offset of measurement filter centre frequency, f_offset
	GSM intermodulation level relative to GSM carrier power
	Measurement bandwidth

	1.6 MHz ( f_offset < 5.8 MHz
	-70 dBc 
	100 kHz 

	5.8 MHz  ( f_offset < f_offsetmax
	-70 dBc
	300 kHz


Table 6.6.1.6-4: Intermodulation attenuation requirement for GSM carriers in BC2 (MSR BS Class 2)

	Frequency offset of measurement filter centre frequency, f_offset
	GSM intermodulation level relative to GSM carrier power
	Measurement bandwidth

	1.6 MHz ( f_offset < 5.8 MHz
	-60 dBc 
	100 kHz 

	5.8 MHz  ( f_offset < f_offsetmax
	-60 dBc
	300 kHz


6.6.1.7
Additional requirements (BC1 and BC2)

In addition to the UEM limits defined in Table 6.6.1.5-1, emission limits defined in FCC title 47 [11] may apply to BS operating in UTRA bands II, IV, V, X, XII, XIII, XIV bands and E-UTRA bands 2, 4, 5, 10, 12 ,13, 14 and 17.

<Editor’s note: It is an open issue whether FCC requirements will be applied with Foffset, RAT  defined by the MSR specification or if the FCC requirement is only listed in an informative way.>

<Text will be added.>
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