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Discussion Paper for the MSR on Unwanted Emissions to allow higher GSM Carrier Powers in Band Category 2
1 Introduction

When the operating band unwanted emissions for the MSR standard were derived in 3GPP RAN4, the principle was to define the limits as absolute power levels, as in the UTRA and E-UTRA standard. An issue was to derive the requirement for the band category 2, where GSM carriers can be operated together with UTRA and/or E-UTRA carriers. In the GSM standard, except the spurious emissions, all limits are given as values relative to the GSM carrier power. Thus, in order to derive the limit for MSR BC2, a certain GSM carrier power had to be assumed. The decision was to take 20 W, i.e. 43 dBm as reference GSM carrier power. From this, the part of the MSR operating band unwanted emissions limits up to 150 kHz from the RF bandwidth edge was derived.
When this topic was discussed in 3GPP GERAN, Alcatel-Lucent already raised concerns because it means that if a GSM carrier power >43 dBm is desired, the MSR spectrum mask is more stringent than the corresponding GSM requirement. This problem cannot be solved by better linearization or lower noise etc. because the violation of the spectrum mask comes directly from the modulation of the GSM carrier which cannot be changed. However, at that time, one counter argument against Alcatel-Lucent’s concerns was that existing power amplifiers will not be able to support such high GSM power levels when also operating carriers of a different RAT. Finally, in order not to delay the standardization of MSR, Alcatel-Lucent did not object against this definition of the spectrum mask.
However, due to the progress in power amplifier technology and due to customer request, this topic has now come up again. We believe that this issue needs to be solved in order to allow further progress in the deployment of MSR base stations. In the following, the technical background of the issue is illustrated and the current status of this topic in 3GPP RAN4 is described, followed by an additional proposal from Alcatel-Lucent.
2 Technical Background
The issue with the recent MSR unwanted emissions mask in BC2 operation is described in detail in [1]. For convenience, an excerpt of [1] with a detailed derivation of the problem is copied in the Annex at the end of this document.
An illustrative excerpt of [1] is shown in the following Figures that are not drawn to scale:
In Figure 1, the situation is shown when a GSM carrier power is at 43 dBm. With the current MSR limit for the operating band unwanted emissions, there is no violation because the limit was derived from this power level of the GSM carrier. 
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Figure 1: When the power level of the GSM carrier is not higher than 43 dBm, there is no issue with the MSR limit for the operating band unwanted emissions close to the edge of the RF bandwidth.
However, when the GSM carrier power is higher than 43 dBm, the MSR limit for the operating band unwanted emissions close to the edge of the RF bandwidth is violated because it is defined by means of absolute power levels. This is shown in Figure 2.
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Figure 2: When the power level of the GSM carrier is higher than 43 dBm, the MSR limit for the operating band unwanted emissions close to the edge of the RF bandwidth is violated because it was derived from a GSM carrier power of 43 dBm.
But even if the LTE carrier (which is drawn here to show an example of a possible MSR signal) is switched off, resulting in a single-RAT GSM case, the MSR limit for the operating band unwanted emissions close to the edge of the RF bandwidth is violated, as illustrated in Figure 3. Since the backoff at the power amplifier is significantly higher in this case (i.e. the power amplifier is operated in a much more linear region of its transfer curve than in Figure 1 and Figure 2), this shows that the violation of the MSR mask is not a problem of intermodulation products from the power amplifier. Note that the limit in the GSM specification would shift with the carrier, which would lead to no violation when the single-RAT GSM requirements were applied.
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Figure 3: When the power level of the GSM carrier is higher than 43 dBm, the MSR limit for the operating band unwanted emissions close to the edge of the RF bandwidth is even violated if the LTE Carrier is switched off. When the GSM single-RAT specification was applied to the same carrier, no violation would exist.
From this, it becomes obvious that a GSM carrier power of more than 43 dBm is not feasible with the recent MSR standard. And this is not due to any effect (noise floor, intermodulation) far away from the carrier that could be improved by advanced components or linearization algorithms. This is just due to the modulation of the GSM carrier itself. This limitation is even more not reasonable because the same kind of spectrum could also appear due to superposition in the field if a single-RAT GSM base station with one carrier above 43 dBm and a single-RAT UTRA or E-UTRA base station would operate adjacent to each other, both fulfilling their single-RAT specifications. In order to overcome this disadvantage for the MSR operation, Alcatel-Lucent has started a discussion at the 3GPP RAN4 #64 meeting in Qingdao/China. The proposal was to change Table 6.6.2.2-2 in [2] in an easy-to-implement way. The outcome of this discussion is described in the next chapter.
3 Status of the Discussion in 3GPP RAN4
In order to solve the issue mentioned before, Alcatel-Lucent proposed at the 3GPP RAN4 #64 meeting in Qingdao/China to shift the limits in [2], Table 6.6.2.2-2 by the same amount as the GSM carrier power exceeds the value of 43 dBm. The suggested implementation of this change was to add a note under Table 6.6.2.2-2. After the discussions in RAN4, Table 6.6.2.2-2 was finally modified in the way shown in Table 1 (corresponding CRs: see [3] and [4]). These changes are however implemented for Rel-11 only of the MSR standard.
	Frequency offset of measurement filter ‑3dB point, (f
	Frequency offset of measurement filter centre frequency, f_offset
	Minimum requirement (Note 4,5)
	Measurement bandwidth (Note 7)

	0 MHz ( (f < 0.05 MHz
	0.015 MHz ( f_offset < 0.065 MHz 
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	NOTE 3: 
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 edge.

NOTE 4:
For MSR BS supporting non-contiguous spectrum operation the minimum requirement within sub-block gaps is calculated as a cumulative sum of adjacent sub blocks on each side of the sub block gap.
NOTE 5:
X = 0, except for a power level of the GSM carrier (PRFcarrier) at the RF bandwidth edge higher than 43 dBm where X = PRFcarrier - 43.


Table 1: Modification of [2], 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), agreed at the 3GPP RAN4 #64 meeting in Qingdao/China for MSR Rel-11.
Note that this change now allows GSM carrier powers higher than 43 dBm in BC2 operation which improves the usability of MSR equipment for network operators drastically while it is no relaxation (because the same spectrum could also be generated with single-RAT base stations, e.g. one GSM base station with >43 dBm and a base station of another RAT in close vicinity, all fulfilling their single-RAT specifications). Since the change impacts only the first 150 kHz from the RF bandwidth edge and is anyway no relaxation, there is no resulting need of Regulatory activities.
4 Additional Proposal from Alcatel-Lucent
As explained above, 3GPP RAN4 has modified Table 6.6.2.2-2 of TS 37.104 (and accordingly Table 6.6.2.5.2-2 of TS 37.141) which allows now to provide MSR base stations to network operators with GSM carrier powers of more than 43 dBm. As also mentioned, this change is currently agreed for the Rel-11 only of the MSR standard. Alcatel-Lucent believes that it would be very beneficial for network operators if the same change was also implemented in MSR Rel-10 because currently, products are still being qualified based on Rel-10. In our eyes, network operators should be able to use this improvement as soon as possible, that means with the equipment that will be delivered in a shorter time frame than Rel-11 products. We kindly ask 3GPP GERAN to consider this proposal and to send a suggestion to 3GPP RAN4 to implement an according change of the Rel-10 MSR standard.
5 Conclusion

In this document, we have explained the issue that arises with the recent MSR requirement for Operating Band Unwanted Emissions in BC 2 operation when a GSM carrier with a power level of more than 43 dBm is desired. The current status of the discussion in 3GPP RAN4 is described and an additional proposal is made to implement the same change in MSR Rel-10 so that network operators can already benefit from equipment that will come sooner to the market than that based on Rel-11.
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ANNEX:

Excerpt of R4-124538 (Detailed Derivation of the Issue with the MSR Unwanted Emissions Mask in BC2 Operation)
In 3GPP TS 37.104, the requirements of the operating band unwanted emissions are defined in sub-clause 6.6.2.2. For the case that no GSM carrier is located at the RF bandwidth edge, the limits are given in Table 6.6.2.2-1. If a GSM carrier (or a narrow E-UTRA carrier) is located at the RF bandwidth edge, then for the first 150 kHz from the RF bandwidth edge, the values given in Table 6.6.2.2-2 are relevant. This table is copied below in Table I.

	Frequency offset of measurement filter ‑3dB point, (f
	Frequency offset of measurement filter centre frequency, f_offset
	Minimum requirement (Note 4)
	Measurement bandwidth (Note 7)

	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 3: 
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 edge.

NOTE 4:
For MSR BS supporting non-contiguous spectrum operation the minimum requirement within sub-block gaps is calculated as a cumulative sum of adjacent sub blocks on each side of the sub block gap.


Table I: Copy of 3GPP TS 37.104, 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).

The limits in Table I are relative to the offset from the RF bandwidth edge:

· At 0 kHz offset, the limit is +5 dBm.

· The limit then decreases linearly to +2 dBm at an offset of 50 kHz.

· From this point, the limit decreases linearly to -14 dBm at an offset of 150 kHz.

The underlying limits in the GSM specification, are listed in 3GPP TS 45.005, 4.2.1.3 which is a sub-section of clause 4.2.1
(Spectrum due to the modulation and wide band noise). As an example, a copy of table a2) is shown below (see Table II).

	
	Power 
	100
	200
	250
	400
	( 600
	( 1 200
	( 1 800
	( 6 000

	
	level
	
	
	
	
	< 1 200
	< 1 800
	< 6 000
	

	Case 1
	( 43
	+0,5
	‑30
	‑33
	‑60*
	‑70
	‑73
	‑75
	‑80

	
	41
	+0,5
	‑30
	‑33
	‑60*
	‑68
	‑71
	‑73
	‑80

	
	39
	+0,5
	‑30
	‑33
	‑60*
	‑66
	‑69
	‑71
	‑80

	
	37
	+0,5
	‑30
	‑33
	‑60*
	‑64
	‑67
	‑69
	‑80

	
	35
	+0,5
	‑30
	‑33
	‑60*
	‑62
	‑65
	‑67
	‑80

	
	( 33
	+0,5
	‑30
	‑33
	‑60*
	‑60
	‑63
	‑65
	‑80

	NOTE 1:
* For equipment supporting QPSK, AQPSK, 8-PSK, 16-QAM or 32-QAM, the requirement for these modulations is ‑56 dB.

NOTE 2:
The requirements in this table also apply to multicarrier BTS when one carrier is active, for the listed frequency bands.

NOTE 3:
In case of AQPSK the requirements in this table apply to all values of 
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 (see 3GPP TS 45.004) supported by the BTS.


Table II: Copy of 3GPP TS 45.005, Table a2) (GSM 400, GSM 900, GSM 850, MXM 850 and GSM 700 normal BTS).

In Table II, the values in the uppermost row are the frequency offsets from the centre frequency of the GSM carrier. In order to compare the GSM limits with the MSR limits, we have to take into account the Foffset, RAT of 200 kHz for GSM in the MSR standard (see 3GPP TS 37.104, sub-clause 4.5.2). That means, an offset of 0 kHz from the RF bandwidth edge in MSR corresponds to a frequency offset of 200 kHz in GSM. For a power level of equal or larger than 43 dBm (measured in 200 kHz), Table II defines a limit of -30 dBc (carrier and modulation spectrum to be measured in 30 kHz). A carrier power of 43 dBm in 200 kHz roughly corresponds to a power of 35 dBm when measured in 30 kHz bandwidth. Applying a limit of -30 dBc then leads to an absolute limit of +5 dBm which is in line with the limit given in the MSR standard. At 250 kHz offset from the GSM carrier, the GSM limit is -33 dBc, i.e. 3 dB lower than at 200 kHz offset. This corresponds to the value of +2 dBm (= 5 dBm – 3 dB) which is defined for 50 kHz offset from the RF bandwidth edge in MSR. 

With this comparison, it can be seen that the MSR limits very close to the GSM carrier where the modulation effects are dominant (0 and 50 kHz offset from the RF bandwidth edge) are indeed the same as according to the GSM standard for a GSM carrier of +43 dBm power.

However, when the power of the GSM carrier is higher than 43 dBm, the limit in the MSR standard stays the same while it would raise in the GSM standard by the same amount as the GSM power exceeds the value of 43 dBm.
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