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1. Introduction
In this paper we continue the discussion in [1] on specifying MSR operating band unwanted emissions. Only Band Category 1, i.e. Bands for UTRA FDD and E-UTRA FDD operation [4] are considered. A TP for MSR BS operating band Unwanted Emissions is provided for approval. This TP is generally well aligned with the proposal in [2], however, there are also some differences as will be discussed.

Throughout this paper we use the agreed MSR terminology from [3] which is summarized in Fig. 1, in particular: 
Upper RF bandwidth edge 
FBW RF,high    
Lower RF bandwidth edge 
FBW RF,low  
RF bandwidth, BWRF  
The RF bandwidth in which a Base Station transmits and receives multiple carriers and/or RATs simultaneously
Foffset, RAT 

Frequency offset from FC,high to the upper  RF bandwidth edge or FC,low to the lower RF bandwidth edge for a specific RAT. 
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Fig. 1. MSR unwanted emission mask in relation to the RF bandwidth 
2. Discussion
We consider in the following a number of aspects relevant for defining MSR operating band unwanted emissions for Band Category 1.
2.1 E-UTRA Channel BW for Category 1 DL Bands  
Table 1 shows the supported E-UTRA Channel BW options for Category 1 DL Bands:
Table 1. Supported E-UTRA Channel BW for Category 1 DL Bands
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Additionally, the new Japanese Bands 18 and 19 are Category 1 with supported E-UTRA Channel BW of 5, 10, 15 MHz.
In the following discussion we will note a few points from this Table.
2.2 Principles for MSR operating band unwanted emissions
In [1] we proposed the following principles for specifying MSR operating band unwanted emissions:

1) MSR RF bandwidth edges (FBW RF,high and FBW RF,low) serve as the demarcation frequency between uncoordinated operators and as a frequency reference point for additional license block edge related regulatory requirements
2) Unwanted emission requirements are based on absolute limits only and are specified in form of an operating band unwanted emission mask (UEM). Explicit overlapping ACLR requirements could be avoided, or they could be added as additional regional or as informative requirements as deemed necessary. 
3) The operating band unwanted emission mask would start above the upper and below the lower RF bandwidth edges located at FBW RF,high and FBW RF,low and shall apply within the downlink operating band plus the frequency ranges 10 MHz above and 10 MHz below the band. Unwanted emissions outside of this frequency range shall be limited by a spurious emissions requirement.
4) The same operating band unwanted emission mask shall apply for bands below and above 1 GHz and without distinguishing between ITU Cat A vs B limits. Hence, the most stringent spurious limits (i.e. according to > 1 GHz, Cat B), should be used to derive the unwanted emission mask. This is in order to facilitate RF co-existence of uncoordinated adjacent systems by the unwanted emission mask alone i.e. without the necessity of specifying overlapping ACLR requirements.
Another relevant principle applicable to Band Category 1 is to align MSR specifications with the already existing (informative) requirements for multi- carrier/RAT in TS36.104, Annex F. The UTRA SEM, being the more stringent SEM, suggests itself as the starting point for deriving the MSR UEM. This is also proposed in [2].
These principles will be followed for deriving the MSR operating band unwanted emissions for Band Category 1.
2.3 Trade-off Foffset, RAT vs. edge of UEM (around point 1 in Fig.1)
Aligning the UEM for Band Category 1 with the UTRA emission mask around point 1 in Fig.1 will make it impossible to meet a nominal Foffset, RAT for NB carriers (GSM, 1.4, 3 MHz E-UTRA). We concur with the proposal in [2] to increase Foffset, RAT by [200] kHz in order to be able to meet the -14 dBm/30 kHz limit at the start of the UEM. Looking at Table 1 we notice that 1.4, 3 MHz E-UTRA may not be of primary interest for the bands of Category 1 (Bands 4, 10 and 12, 13, 14, 17). Hence, this increase by 200 kHz may be acceptable. On the other hand, for Band Category 2 we do see a need to support nominal Foffset, RAT values for NB carriers (GSM, 1.4, 3 MHz E-UTRA).
The corresponding TP for MSR operating band unwanted emissions is as follows:
The requirements shall apply with values for Foffset, RAT as specified in Table X.Y.

Table X.Y:  Foffset, RAT
	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]


2.4 How to reflect regulatory requirements in the UEM ?

2.4.1 ITU SM.329 [5] and related Rec. 74-01 [6,8] requirements; 
These requirements are included by the operating band unwanted emissions defined in TS25.104 and 36.104. For E-UTRA several operating band unwanted emissions masks are specifically defined for Cat A, respectively Cat B and for Bands > 1GHz, respectively < 1GHz, i.e. 4 masks altogether. 

We propose the MSR UEM to also cover for these requirements; however, this is proposed to be done in an indirect manner by a single operating band unwanted emissions mask as follows.
Specific UEM for Bands below/above 1 GHz?
SM.329 [5] and 74-01 [6] limits for bands < 1 GHz are in order of 10 dB higher than for bands >1 GHz. However, note that the identical UTRA / E-UTRA ACLR requirements render this difference less important in practice. The UTRA     -13 dBm/MHz SEM limit makes this distinction neither (and is closer to the > 1 GHz Cat B spurious limits), however, it applies only to single carrier TX and only in some regions.

If explicit ACLR requirements are to be dropped for MSR as is suggested above and in [2], then requirements to ensure same-band and adjacent-band co-existence may become a concern for bands < 1 GHz, especially for Cat A derived limits. Hence, we propose to derive a generic MSR UEM based the more stringent SM.329 limits for bands > 1 GHz, regardless of the actual DL operating band.

How to apply ITU SM.329 (Rec. 74-01) Cat A / B limits (for bands > 1 GHz)?
Firstly, within the operating band, SM.329 Cat B limits (-15 dBm/MHz) for bands > 1 GHz are 2 dB more stringent than those for Cat A (-13 dBm/MHz). 
Secondly, looking at Table 1 we notice that there is no need to fulfil Cat B limits for 1.4, 3 MHz E-UTRA for any band of Category 1. However, there is a need to fulfil the Cat B (-15 dBm/MHz) limit for ≥ 5 MHz E-UTRA for Bands 1 and 7. Hence, the -15 dBm/MHz limit point can “safely” be moved 10 MHz above the RF bandwidth edge.
Now looking at the UTRA SEM based MSR UEM which is part of the proposal in [2],
The unwanted emission limits in the part of the downlink operating band that falls in the spurious domain are consistent with ITU-R Recommendation SM.329 [6]. 

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 taken, the test tolerance shall be zero when deriving the test requirement for out-of-band unwanted emissions. 
Table X.Y: Band Category 1 operating band unwanted emission limits 
	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 ( (fmax
	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 


we note that this UEM implicitly fulfills the ITU SM.329 (Rec. 74-01) spurious emission limits relevant for the bands of Category 1, i.e.
· Cat A limits for 1.4, 3 MHz E-UTRA in the N.A. bands
· For UTRA and >= 5 MHz E-UTRA Cat A and B limits in the remaining bands of Category 1
It would be possible to relax the -15 dBm/MHz limit (for offsets > 10 MHz from the RF bandwidth edge) to -13 dBm/MHz in regions with Cat A limits as proposed in [2], however, the benefit for MSR TX complexity is considered quite small, so we propose this single generic UEM to apply for all cases. 
2.4.2 FCC license block edge requirements
FCC requirements are applicable at the license block edge [7]. They are also included within the E-UTRA (UTRA) specifications, however, formulated in reference to the channel edge. This is a worst-case from a BS implementation point of view and gives the operator the assurance that no additional guard bands need to be reserved to facilitate compliance with FCC regulatory requirements. 
For MSR we propose a similar approach with the channel edge substituted by the RF bandwidth edge as already outline in [1]. Note, that we need to also specify Foffset, RAT under which the FCC requirements are to be met.
From Table 1 we note that FCC license block edge requirements are relevant for bands 4, 10 and 12, 13, 14, 17. The applicable FCC ruling is FCC Title 47, Part 27, Subpart C, Section 27.53.
For the 700 MHz bands the FCC limits do not depend on the BW(s) of the transmitted carrier(s). 
For Bands 4, 10, within the 1st MHz immediately outside the licensee’s block, emission requirements do depend on the ‘26 dB BW’(s) of the transmitted carrier(s). For such cases, [2] proposes to apply always the lowest FCC limit according to 20 MHz E-UTRA BW. However, we foresee this approach to be not reasonable for Bands of Category 2: take e.g. Band 5 for which only channel BW below 10 MHz are defined; mandating here the 20 MHz worst case limit will require a larger power reduction of any GSM edge carriers with Foffset, GSM  = 200 kHz than would be necessary.
Hence we propose for both Band Categories a more flexible approach by referring to the relevant FCC limits within the MSR specifications, similar to TS45.005. This way only the most stringent FCC limit according to the declared MSR channel BWs will apply and unnecessarily stringent requirements are avoided. It also reduces the amount of BS testing as additional FCC type approval measurements need to be provided anyway.
The corresponding TP is as follows:
X.Y.Z

Additional requirement (Band Category 1) based on [FCC Title 47]

In certain regions the following additional requirements may apply.

Unwanted emissions above the upper RF bandwidth edge and below the lower RF bandwidth edge shall not exceed the applicable emissions limits established by the FCC rules [FCC Title 47, Part 27, Subpart C, Section 27.53]. This requirement shall apply with values for Foffset, RAT as specified in Table X.Y.

2.4.3 Other regulatory requirements
As stated already in [1], the Block Edge Mask (BEM) regulatory requirement as per [9] may not be a good candidate to be included within the MSR specifications. This is because the BEM is an EIRP requirement as well as a requirement on all aggregated unwanted emissions (i.e. from possibly multiple BS) originating from a certain license block and as such cannot be mapped 1-to-1 to conducted unwanted emission requirements for a single BS

According to our understanding, ACLR requirements may be a regulatory requirement in certain regions and hence also applicable to a MSR BS. If explicit ACLR requirements are not part of the MSR operating band unwanted emission core requirements, they could be added as additional regional or as informative requirements as appropriate. Inputs in this area are welcome.
2.5 Specific UEM for each Band category (1 vs. 2) ?

According to our current understanding specific UEMs will be required for each Band Category. The above proposed UEM is aligned with UTRA / E-UTRA emission masks and not optimised for NB carriers (GSM, 1.4, 3 MHz E-UTRA) with a nominal Foffset, RAT. Optimizing Foffset, RAT for NB carriers will require larger values at the start of the UEM (around point 1 in Fig.1).

2.6 Requirements for Single-RAT configurations

For Bands of Category 1 we see a need in applying the MSR specification also for single-RAT configurations. In fact, this is required to fill gaps within the existing UTRA / E-UTRA specifications for multi-carrier configurations.
The corresponding TP for MSR operating band unwanted emissions is as follows:
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. 

3. TP for MSR operating band Unwanted Emissions for Band Category 1
 ----- Start of TP -----

The Operating band unwanted emission limits are defined from 10 MHz below the lowest frequency of the downlink operating band up to 10 MHz above the highest frequency of the downlink operating band. 

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 X.Y.

Table X.Y:  Foffset, RAT
	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]


The unwanted emission limits in the part of the downlink operating band that falls in the spurious domain are consistent with ITU-R Recommendation SM.329 [6]. 

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 taken, the test tolerance shall be zero when deriving the test requirement for out-of-band unwanted emissions.

Table X.Y: Band Category 1 operating band unwanted emission limits 
	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 ( (fmax
	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 X, 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.

X.Y.Z

Additional requirement (Band Category 1) based on [FCC Title 47]
In certain regions the following additional requirements may apply.

Unwanted emissions above the upper RF bandwidth edge and below the lower RF bandwidth edge shall not exceed the applicable emissions limits established by the FCC rules [FCC Title 47, Part 27, Subpart C, Section 27.53]. This requirement shall apply with values for Foffset, RAT as specified in Table X.Y.

----- End of TP -----

3. Conclusions

This paper discussed a number of aspects relevant for defining MSR operating band unwanted emissions for Band Category 1. A corresponding TP is provided for approval. 
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