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1. Background

Several proposals and discussion papers were made at RAN4#61 for the MR E-UTRA BS Operating band unwanted emissions mask [1,2,3,4,5]. This contribution analyses the different options, discusses the properties a mask should have and proposes a way forward for agreeing on a mask. A TP is made both for the TR body and Annex A.
2. Desired UEM properties

When the different mask options were presented at RAN4#61, several properties were mentioned that a mask should fulfill. The following is a summary of desirable properties expressed by different parties:
1. The mask values should be relative: If the mask is to be a relevant limit over a wide power range, the limits should be set relative to the BS power. 

2. The mask should be aligned with regulatory limits and co-existence limits: This was one of the main conditions for deriving the UTRA mask. The main co-existence requirement to target is ACLR, which is 45 dB for both the 1st and 2nd adjacent channel. It should be noted that FCC limits are expressed separate from the UEM for E-UTRA.

3. The mask should not be unnecessarily stricter than regulatory and co-existence limits: As mentioned above, the relevant limits here are ECC limits (Category B) and the ACLR limits derived from co-existence. The questions is how close to the regulatory limits and ACLR the mask should be, but it should be noted that a mask that is not relative becomes very relaxed for low BS power levels.
4. The mask shape should have no slopes beyond 5 MHz: All present mask proposals meet this condition.
5. A mask “floor” should be set: Since the ACLR limit has an absolute limit as a “floor”, it is logical to have the same limit as a “floor” for the UEM.
6. The mask should be generic: There are a large number of variants of the WA E-UTRA mask and that situation can be avoided for MR E-UTRA. The mask should cover multiple channel BWs (possibly all), be the same for Category A and B, and be the same for frequencies above and below 1 GHz.
3. Analysis of UEM proposals
The following mask proposals were made at RAN4#61:
NSN [1]
The proposal in [1] is based on the UTRA mask, is set relative to BS power and is joint for Category A and B. An absolute limit of -25 dBm/MHz is proposed as a “floor”. There are three different masks for 5-20 MHz, 3 MHz and 1.4 MHz
Ericsson [2]
The Ericsson proposal in [2] is similar to [1]. It is based on UTRA, joint for Category A and B, with levels relative to BS power and a lowest floor at -25 dBm/MHz. The attached TP was supported by NSN and it is from here called the E/NSN mask.
CATT [4,5]
The proposal in [3,4] is based on the methodology used for the WA E-UTRA mask, but is joint for Category A and B. It is a fixed mask, with the same shape as for WA E-UTRA, but at a lower level adapted to ACLR2 for 38 dBm BS power. The limit beyond ACLR2 is flat and at the same level as ACLR2. 
The mask proposals seem to all meet conditions 4, 5 and 6 above. In order to check how they compare to regulatory limits and ACLR they can be plotted together. Figure 1 shows the masks for 5-20 MHz channel BW. For comparison, the WA E-UTRA mask and an “ACLR mask” corresponding to the 45 dB ACLR level are also plotted. 
The ACLR values in Tables 1 and 2 are derived from the masks by integrating the limits over the frequency range of the 1st and 2nd adjacent channels, thereby indicating what ACLR the mask limits correspond to at 38 dBm BS power. Note that for the E/NSN mask, the same mask from [1] is applied for all channel BWs.
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Figure 1: Comparison of spectrum mask (5-20 MHz) for MR BS at 38 dBm BS power.
Table 1: ACLR (1st adjacent channel) for different masks at 38 dBm BS power.
	Channel BW
	1,4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	LTE mask (Opt 1)
	34,1
	33,3
	31,8
	30,5
	29,5
	28,6

	CATT MR mask
	40,1
	39,3
	41,8
	40,5
	39,5
	38,6

	E/NSN MR mask
	44,1
	43,0
	43,0
	43,4
	43,0
	42,3


Table 2: ACLR (2nd adjacent channel) for different masks at 38 dBm BS power
	Channel BW
	1,4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	LTE mask (Opt 1)
	39,5
	39,0
	35,6
	43,5
	41,8
	40,5

	CATT MR mask
	45,5
	45,0
	45,6
	42,5
	40,8
	39,5

	E/NSN MR mask
	52,5
	48,9
	49,6
	46,5
	44,8
	43,5


The first thing to note is that the WA E-UTRA mask is not at all suitable for these power levels, giving very poor ACLR values. The following things can be noted about the CATT and E/NSN masks:

· The ACLR in the 1st adjacent channel is a bit below 45 dB for both masks. The E/NSN mask is 2-3 dB below, while the CATT mask is 3-7 dB below.
· The ACLR in the 2nd  adjacent is obviously much better, where the CATT mask reaches 45 dB ACLR up to 5 MHz channel BW while the E/NSN reaches 45 dB ACLR mask up to 10 MHz channel BW.

· The CATT mask is ~7 dB stricter at the channel edge and still has several dB worse ACLR in the 1st adjacent channel than the E/NSN mask. This means that the CATT mask is harder to implement for carriers with small margin to the channel edge (1.4 to 5 MHz channel BW), while it still achieves a worse ACLR.

· The regulatory spurious emission limit (Category B) is -15 dBm/MHz. The CATT masks for 5-20 MHz channel BW falls 1 dB short of this limit beyond 10 MHz, since it is flat from the ACLR2 region. The 3 MHz and 1.4 MHz masks fall 4 and 8 dB short of this limit respectively.
To illustrate the necessity of having a relative mask (UEM property 1 described above), the masks and the corresponding ACLR values are derived for a lower power level of 31 dBm, as shown in Figure 2 and Tables 3 and 4.
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Figure 2: Comparison of spectrum mask (5-20 MHz) for MR BS at 31 dBm BS power.
Table 3: ACLR (1st adjacent channel) for different masks at 31 dBm BS power.

	Channel BW
	1,4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	LTE mask (Opt 1)
	27,1
	26,3
	24,8
	23,5
	22,5
	21,6

	CATT MR mask
	33,1
	32,3
	34,8
	33,5
	32,5
	31,6

	E/NSN MR mask
	44,1
	43,0
	43,0
	43,4
	43,0
	42,3


Table 4: ACLR (2nd adjacent channel) for different masks at 31 dBm BS power.

	Channel BW
	1,4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	LTE mask (Opt 1)
	32,5
	32,0
	28,6
	36,5
	34,8
	33,5

	CATT MR mask
	38,5
	38,0
	38,6
	35,5
	33,8
	32,5

	E/NSN MR mask
	52,5
	48,9
	49,6
	46,5
	44,8
	43,5


Figure 2 clearly shows that the E/NSN mask follows the BS power level and thereby also maintains the ACLR levels, while the fixed CATT mask is now far more relaxed in terms of ACLR. This is further demonstrated in Tables 3 and 4.
4. Updated UEM proposal as way forward
Based on the analysis of the different masks above, an updated mask based on the E/NSN mask from [1] is derived that would meet all six desired UEM properties. The following updates are made:
· The mask is generic and applied for all channel BWs, Category A and B limits and all frequencies. 
· A mask floor of -25 dBm/MHz is consistently applied.

· For a single 1.4.MHz carrier, the “spurious domain” will start 2.8MHz from the channel edge, implying that the limit must not be higher than -15 dBm/MHz beyond that point. It is however noted that for 38 dBm power level, the UTRA mask has a level of -14 dBm/MHz from 2.8 to 5 MHz. For this reason, the mask is tightened by 1 dB in this frequency range.

· The original UTRA mask applied in [1] follows the BS power level down to 31 dBm. Since lower power levels are of high interest for MR BS (LA BS power levels are from 24 dBm and below), it would make sense to let the mask adapt to BS power also below 31 dBm. It is proposed that the mask adapts to BS power down to the ‑25 dBm/MHz floor is reached for frequency offsets more than 1 MHz from the channel edge. This is the case at 27 dBm BS power. Below 27 dBm, the mask would be fixed.
The updated UEM resulting from the points above is described in more detail in the attached text proposals for the work item TR.
5. Proposal

It is proposed that the attached text proposals are included in the BS classes Work Item TR.
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TEXT PROPOSAL for TR body:

7.5
Operating band unwanted emissions

7.5.1
Requirement for E-UTRA
For the new E-UTRA Medium Range Base Station class the following should hold:

1.
The mask values should be set relative to declared BS power over a power range relevant for MR Base Stations.

2.
The mask should align with relevant regulatory conditions and co-existence limits (ACLR), in order to make the specification as complete as possible and also to give a consistent message to regulators. 

3.
The mask should not be unnecessarily stricter than regulatory and co-existence limits.

4.
The mask shape should have no slopes beyond 5 MHz from the channel edges.
5.
A mask “floor” should be set as an absolute limit.
6.
The mask should be generic over multiple channel bandwidths, be the same for Category A and B, and be the same for frequencies above and below 1 GHz.
A mask based on the UTRA mask [2] can meet all those conditions. Starting with the UTRA mask for power levels P ≤ 38 dBm, the following modifications are made:

-
The mask is generic and applied for all channel BWs, Category A and B limits, and all frequencies. 

-
In order to meet the “spurious domain” limit of -15 dBm/MHz for a single carrier of all channel bandwidths (including 1.4 MHz) the mask is tightened by 1 dB relative to the UTRA mask in the frequency range 2.8 to 5 MHz from the channel edge.

-
The mask adapts to BS power levels from 38 dBm down to 27 dBm. For BS powers below 27 dBm, the mask is fixed.  

-
A mask floor of -25 dBm/MHz is consistently applied as an absolute limit and the mask is truncated at this level.

The resulting MR E-UTRA BS Unwanted Emissions Mask is shown in Figure 7.5.1 for a selection of BS power levels.
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Figure 7.5-1: E-UTRA MR BS Unwanted Emissions Mask

TEXT PROPOSAL for TR Annex A (TS 36.104):

6.6.3
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 up to 10 MHz above the highest frequency of the downlink operating band. 

The requirements shall apply whatever the type of transmitter considered (single carrier or multi-carrier) and for all transmission modes foreseen by the manufacturer's specification. 

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 [2]. 

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

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

-
f_offset is the separation between the channel 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.

For a multicarrier E-UTRA BS or BS configured for intra-band contiguous carrier aggregation the definitions above apply to the lower edge of the carrier transmitted at the lowest carrier frequency and the higher edge of the carrier transmitted at the highest carrier frequency within a specified frequency band.

For Wide Area BS, the requirements of either subclause 6.6.3.1 (Category A limits) or subclause 6.6.3.2 (Category B limits) shall apply. 
For Local Area BS, the requirements of subclause 6.6.3.2A shall apply (Category A and B).

For Medium Range BS, the requirements of subclause 6.6.3.2C shall apply (Category A and B).

For Home BS, the requirements of subclause 6.6.3.2B shall apply (Category A and B).

The application of either Category A or Category B limits shall be the same as for Transmitter spurious emissions (Mandatory Requirements) in subclause 6.6.4.1.

*********************End of change*****************
*********************Next changed section*****************
6.6.3.2C
Minimum requirements for Medium Range BS (Category A and B)
For Medium Range BS, emissions shall not exceed the maximum levels specified in Tables 6.6.3.2C-1 and 6.6.3.2C-2.

Table 6.6.3.2C-1: Medium Range BS operating band unwanted emission limits, BS maximum output power 27 dBm ( P < 38 dBm 
	Frequency offset of measurement filter ‑3dB point, (f
	Frequency offset of measurement filter centre frequency, f_offset
	Minimum requirement
	Measurement bandwidth (Note 3)

	0 MHz ( (f < 0.2 MHz
	0.015MHz ( f_offset < 0.215MHz 
	P - 53 dB
	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 
	P - 65 dB
	30 kHz 

	1 MHz ( (f < 2.8 MHz
	1.5 MHz ( f_offset < 3.3 MHz
	P - 52 dB
	1 MHz 

	2.8 MHz ( (f ( 

5 MHz 
	3.3 MHz ( f_offset < 5.5 MHz
	max(P - 53 dB, -25 dBm)
	1 MHz 

	5 MHz ( (f ( 

min((fmax, 10 MHz) 
	5.5 MHz ( f_offset < min(f_offsetmax, 10.5 MHz)
	max(P - 56 dB, -25 dBm)
	1 MHz 

	10 MHz ( (f ( (fmax
	10.5 MHz ( f_offset < f_offsetmax 
	max(P - 56 dB, -25 dBm) (Note 5)
	1 MHz 


Table 6.6.3.2C-2: Medium Range BS operating band unwanted emission limits, BS maximum output power P < 27 dBm 
	Frequency offset of measurement filter ‑3dB point, (f
	Frequency offset of measurement filter centre frequency, f_offset
	Minimum requirement
	Measurement bandwidth (Note 3)

	0 MHz ( (f < 0.2 MHz
	0.015MHz ( f_offset < 0.215MHz 
	-26 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 
	-38 dBm
	30 kHz 

	1 MHz ( (f ( 

min((fmax, 10 MHz) 
	1.5 MHz ( f_offset < min(f_offsetmax, 10.5 MHz)
	-25 dBm
	1 MHz 

	10 MHz ( (f ( (fmax
	10.5 MHz ( f_offset < f_offsetmax 
	-25 dBm (Note 5)
	1 MHz 
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