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1. Introduction

TP for TR 37.802 related to definitions and terminology due to non-contiguous MSR was approved in RAN4#57 [1].  MSR-NC Work Item objective was agreed in [2]. MSR-NC transmitter requirements were discussed in [3-6].

For MSR-NC transmitter requirements [3] concluded the affected TX requirements are Operating band unwanted emissions, ACLR and Transmitter intermodulation. This document continues the discussion on unwanted emissions requirements due to MSR-NC spectrum deployments. 
2. Discussion
It was agreed in RAN4#57 that RF requirements should be derived in a generic way [2], not considering specific scenarios or frequency bands. The reason was that most requirement are operating band agnostic and it is possible to write generic requirements that do not depend on specific scenarios for non-contiguous spectrum.
2.1 Cumulative UEM level
MSR-NC unwanted emissions requirements were discussed in [4, 6]; 
“The UEM requirement which is an absolute limit should be similar inside the gaps as for the RF BW edges. The gap requirement should also be the cumulative level from contributing sub-blocks as for non-contiguous scenarios for MC-BTS.”

In GERAN specifications an increased level of UEM is allowed for MC-BTS. There is no discrete mask defined in core specification TS 45.005. In GERAN core specification TS 45.005 the cumulative approach is stated in a general way: “For frequency offsets less than 1.8 MHz, the unwanted emission must not exceed a mask defined by the cumulation of the spectrum due to modulation and wideband noise from each carrier as well as the possibly occurring IM products.” There are no more details given about the cumulative mask.  

GERAN test specification TS 51.021 does not consider the generic approach but is based on a specific scenario with 2 narrow sub bands, each filled with 2 GSM carriers (600 kHz spacing),  and a gap of 5.4 MHz in between (where e.g. a 5 MHz carrier of another operator would fit in). There is no single fixed UEM possible as the UEM depends on number of carriers, the power of carriers and their frequency separation. Test specification TS 51.021 requires testing the cumulated UEM only at few discrete frequency points (0.4, 0.6, 1.2, 1.8 MHz). TS 51.021 define 3 concrete test cases (min spacing, max RF bandwidth, NC case) and the formula for calculating the cumulative mask. 
The similar approach could be taken also for MSR-NC UEM:
· General requirement is specified for cumulative approach in core specification TS 37.104 with no details about the cumulative mask 

· Test specification TS 37.141 will be based on specific scenarios by one (or few) representative test case(s) with the formula for calculating the cumulative mask
MSR specification TS 37.104 has a UEM in absolute power terms, which is independent of the component carriers within the sub-blocks. While specifying UEM for MSR-NC we have to differentiate between general minimum requirements and MSR used in single-RAT GSM mode:
1. Single RAT GSM mode => reference to GERAN specifications as today is sufficient (6.6.2.3 in TS 37.104).
2. General minimum requirements => specification have the sub-blocks, each with its associated UEM as specified for contiguous case. These UEMs which are independent of number, type and spacing of carriers inside sub block are generic (except for a small modification if GSM or LTE 1.4/3 MHz carriers are used at the edge, Table 6.6.2.2-2 in TS 37.104 ) 
Proposal 1: In TS 37.104 the cumulated UEM should be specified in a generic way not considering the single RAT GSM mode. 
2.2 Boundary between OOB and spurious domain
[4] considered regulatory implication for gap sizes that exceed 20 MHz. It was thought the part of the gap would be in the spurious emission domain and would consequently not allow for the cumulative approach. 
In existing TS 37.104 the UEM is defined from 10 MHz below the lowest frequency of the downlink operating band to the 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, except for GSM/EDGE single RAT operation. 

Currently, the operating (in-) band UEM for offset ≥ 10 MHz (-15 dBm/1 MHz) is compliant with / equal to ITU/CEPT Rec 74-01 Spurious emissions limit at bands > 1 GHz, given a minimum TX RF bandwidth of 5 MHz.  This Spurious emission limit cannot be relaxed by cumulating.  However, the new text of 74-01 reads:

“For Base Stations in the mobile service with multicarrier transmitters, the total transmission bandwidth is used instead of the necessary bandwidth for determining the boundary between the out-of-band and spurious domains.”
This could be interpreted such that the “total transmission bandwidth” includes all sub blocks of a NC transmission, and the spurious domain would then start at offset ≥ 10 MHz from the outer edges of the outermost sub-blocks (assuming “total transmission bandwidth” would not be less than 5 MHz). This means cumulating could be applied in gaps of any size within operating band because the gaps would not be spurious domain but OOB domain. 

Proposal 2: UEM concept for the complete TX operating band + 10 MHz below/above is valid for NC-MSR.

2.3 Sub-block size < 5 MHz

One challenge with UEM is the case with sub-block sizes < 5 MHz, since the UEM is developed based on block sizes of at least 5 MHz. RAN4 should either develop new emission masks for MSR-NC with sub-block sizes < 5 MHz or adopt other solutions / interpretations.  

Real life MSR scenarios may include NC allocations of at least 3 sub-blocks, e.g. one being used for a 3G/4G carrier and the others for GSM only. GSM sub-blocks could be smaller than 5 MHz but as the MSR BTS is operated in multi-RAT mode there is no need to care about number of carriers inside GSM sub-blocks. We can just use the MSR UEM. If RAN4 considers modifying emission mask for smaller bandwidth the UEM for sub-blocks < 5MHz could be derived based on 36.104 Category B requirements (Option 1). However, this does not fit to the generic approach because the bandwidth of sub-blocks used for GSM could have any value ≥ 0.4 MHz in 0.2 MHz granularity. Introduction of new requirements would also require detailed discussions in RAN4 meetings and could delay the finalization of the WI.

One may have to expect smaller sub-blocks in NC allocations in RF bands where LTE (1.4 / 3 MHz) or GSM is allowed. 1.4 MHz could be considered as reasonable lower limit of sub block size. The UEM mask could be kept the same for all these sub-block sizes when adopting the interpretation of start of Spurious emissions domain given in clause 2.2 and restrict the minimum total transmission bandwidth of the NC case to 5 MHz (as done today in contiguous MSR case).
Let’s consider, as an example, the case with sub-block ≥5 MHz at one end and sub-block 1.4 MHz at the other end of the gap:

1. When radio operates in BC1 or BC3: table 6.6.2.1-1 (in 37.104) should be applied at both ends of the gap, no matter what radio system / channel bandwidth is used in both sub-blocks. 1.4MHz sub-block would use larger offset (BWChannel/2 + 200 kHz) to sub-block edge in line with clauses 4.5.1 and 4.5.3.

2. When radio operates in BC2: table 6.6.2.2-1 (in 37.104) should be applied to the ≥5 MHz carrier and table 6.6.2.2-2 to the 1.4 MHz carrier in the gap. 1.4MHz sub-block would use offset (BWChannel/2 ) to sub-block edge in line with clause 4.5.2. 
Finnally cumulative mask is calculated in the gap based on masks either in step 1 or 2.
Proposal 3: The generic UEM should be kept the same for all sub-block sizes from 1.4 MHz to 20 MHz.
Proposal 4: Minimum MSR-NC total transmission bandwidth should be restricted to 5 MHz.
2.4 TP for TS 37.104

The example on how to modify UEM requirement to capture MSR-NC in TS 37.104 is shown below.

-- start of changes in TS 37.104 --

6.6.2
Operating band unwanted emissions


Unless otherwise stated, the Operating band unwanted emission limits are defined from 10 MHz below the lowest frequency of the downlink operating band to the lower RF bandwidth edge located at FBW RF,low and from the upper RF bandwidth edge located at FBW RF,high  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 for contiguous and non-contiguous spectrum allocations) and for all transmission modes foreseen by the manufacturer's specification, except for GSM/EDGE single RAT operation. The requirements in TS 45.005 [5] as defined in subclause 6.6.2.3 apply to an MSR Base Station for GSM/EDGE single RAT operation in Band Category 2. 

6.6.2.1
General minimum requirement for Band Categories 1 and 3

For a BS operating in Band Category 1 or Band Category 3, emissions shall not exceed the maximum levels specified in Table 6.6.2.1-1 below, where:

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

-
f_offset is the separation between the RF bandwidth / sub-block 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.

Table 6.6.2.1-1: Operating band unwanted emission mask (UEM) for BC1 and BC3
	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 ( 

min((fmax, 10 MHz) 
	1.5 MHz ( f_offset < min(f_offsetmax, 10.5 MHz)
	-13 dBm
	1 MHz 

	10 MHz ( (f ( (fmax
	10.5 MHz ( f_offset < f_offsetmax 
	-15 dBm (Note 3)
	1 MHz 

	NOTE: For MSR BS supporting non-contiguous spectrum allocations the minimum requirement within sub-block gaps is calculated as a cumulative sum of contributing sub-blocks in RF bandwidth.


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 the present subclause, 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.

NOTE 3:
The requirement is not applicable when (fmax < 10 MHz.
6.6.2.2
General minimum requirement for Band Category 2

For a BS operating in Band Category 2, emissions shall not exceed the maximum levels specified in Table 6.6.2.2-1 and 6.6.2.2-2 below, where:

-
(f is the separation between the RF bandwidth / sub-block 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 / sub-block 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.

Table 6.6.2.2-1: 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)
	0.015 MHz ( f_offset < 0.215 MHz 
	-14 dBm
	30 kHz 

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

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

	1 MHz ( (f ( 

min((fmax, 10 MHz) 
	1.5 MHz ( f_offset < min(f_offsetmax, 10.5 MHz)
	-13 dBm
	1 MHz 

	10 MHz ( (f ( (fmax
	10.5 MHz ( f_offset < f_offsetmax 
	-15 dBm (Note 6)
	1 MHz 

	NOTE 1: 
For operation with a GSM/EDGE or an E-UTRA 1.4 or 3 MHz carrier adjacent to the RF bandwidth / sub-block edge, the limits in Table 6.6.2.2-2 apply for 0 MHz ( (f < 0.15 MHz.
NOTE 2:   For MSR BS supporting non-contiguous spectrum allocations the minimum requirement within sub-block gaps is calculated as a cumulative sum of contributing sub-blocks in RF bandwidth.


Table 6.6.2.2-2: Operating band unwanted emission limits for operation in BC2 with GSM/EDGE 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
	0.015 MHz ( f_offset < 0.065 MHz 
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	30 kHz 

	0.05 MHz ( (f < 0.15 MHz
	0.065 MHz ( f_offset < 0.165 MHz 
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	30 kHz 

	NOTE 2: 
The limits in this table only apply for operation with a GSM/EDGE or an E-UTRA 1.4 or 3 MHz carrier adjacent to the RF bandwidth / sub-block edge.


NOTE 3:
All limits in Table 6.6.2.2‑1 are identical to the corresponding limits for Band Category 1 and 3.

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 the present subclause, 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.

 NOTE 6:
The requirement is not applicable when (fmax < 10 MHz.
-- end of changes in TS 37.104 --

2 Conclusion

This document discussed MSR transmitter requirements due to MSR-NC spectrum deployments.. We propose to agree on the following proposals:

Proposal 1: In TS 37.104 the cumulated UEM should be specified in a generic way not considering the single-RAT GSM mode. 

Proposal 2: UEM concept for the complete TX operating band + 10 MHz below/above is valid for NC-MSR.

Proposal 3: The generic UEM should be kept the same for all sub-block sizes from 1.4 MHz to 20 MHz.

Proposal 4: Minimum MSR-NC total transmission bandwidth should be restricted to 5 MHz.
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