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1. Introduction
In this contribution we continue the discussion in [1,2] on specifying MSR operating band unwanted emission mask (UEM) for Band Category 2 (Bands 2, 3, 5, 8).
We identify a limited set of BC2 deployment scenarios, discuss the implications of suggested values of Foffset,RAT for these and propose a way forward in selecting Foffset,RAT and the BC2 UEM.
The focus is on GSM and 1.4 MHz scenarios, as these are the ones which impact the BC2 UEM most when comparing with the BC1 UEM baseline. Corresponding 3 MHz E-UTRA scenarios could also be considered, but they will lead to the same conclusions, hence they are omitted here.

2. BC2 deployment scenarios
Based on the discussions during the last RAN4 meeting we identify a limited set of BC2 deployment scenarios against which the implications of selecting certain values for Foffset,RAT can be analyzed.
Scenario 1: GSM – GSM with 400 kHz carrier centre frequency separation
400 kHz carrier centre frequency separation is a widely used GSM – GSM scenario and shall be effectively supported by the MSR UEM specifications.
Subcases a), b): No guardband is reserved by the regulator. Adjacent operators agree to have 200 kHz guard band within either allocation according to some geographical splitting/agreement. Such cases exist e.g. in France, Italy, Germany.
a) MSR operator includes 200 kHz guard band within his license block. The MSR RF bandwidth edge coincides with the license block edge. The other operator (using MSR or legacy BS) allocates GSM carriers with 100 kHz offset to the license block edge.
b) The other operator (using MSR or legacy BS) includes 200 kHz guard band within his license block. The MSR operator allocates GSM carriers with 100 kHz offset to the license block edge. The MSR RF bandwidth edge protrudes into the other operator’s license block as per agreement. 

c) 200 kHz guardband is reserved by the regulator between the operator’s license blocks. Such cases exist e.g. in Austria.

Scenario 2: GSM – 1.4 MHz E-UTRA with 1000 kHz carrier centre frequency separation
The case of 1000 kHz carrier centre frequency separation corresponds to the GSM – UTRA scenario with 2.8 MHz carrier centre frequency separation as follows: 
(E-UTRA 1.4 MHz channel BW) / 2 + 200 kHz (guard) + (GSM 200 kHz channel BW) / 2 = 1000 kHz

In this it is assumed that adjacent operators will also in this case share/swap the 200 kHz guard band via geographical agreement as in Scenario 1 (unless already allocated by the regulator).
Subcases a), b): No guardband is reserved by the regulator. Adjacent operators agree to have 200 kHz guard band within either allocation according to some geographical splitting/agreement.

a) MSR operator includes 200 kHz guard band within his license block. The MSR RF bandwidth edge coincides with the license block edge. The other operator (using MSR or legacy BS) allocates a 1.4 MHz E-UTRA carrier with 700 kHz offset to the license block edge.

b) The other operator (using MSR or legacy BS) includes 200 kHz guard band within his license block. The MSR operator allocates GSM carriers with 100 kHz offset to the license block edge. The MSR RF bandwidth edge protrudes into the other operator’s license block as per agreement. 

Scenario 3: 1.4 MHz E-UTRA – 1.4 MHz E-UTRA with 1400 kHz carrier centre frequency separation

This is the scenario assumption from Rel 8 E-UTRA, i.e. support of operation without additional guardband.

3.    Analysis of Foffset,GSM  for the selected deployment scenarios
Following legend is used in the following figures:

	 
	100 kHz frequency range

	 
	top MSR carrier

	 
	lowest other operator victim carrier

	guard
	left as guard

	 
	frequency range between F_c,high and F_BW RF,high

	 
	frequencies >= F_BW RF,high; the MSR UEM applies here to protect victim carriers


The license block edge is marked by a red line.

The MSR RF bandwidth edge is marked by a purple line.

Carrier centre frequency locations are marked by a black arrow.

3.1. Foffset,GSM = 200 kHz 
Scenario 1 a):
[image: image1.wmf]no agreement with the MSR operator, 200 kHz guard needed
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In this case the MSR UEM requirements apply already 100 kHz within the MSR operator’s license block which is not necessary from a co-existing perspective.
Scenario 1 b):
[image: image2.wmf]with agreement allowing MSR operator to shift the RF bandwidth edge
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In this case the MSR UEM requirements apply already within 100 kHz of the guard band reserved by the other operator which might not be strictly necessary from a co-existing perspective.
Scenario 1 c):

[image: image3.emf]no agreement with the MSR operator, 200 kHz guard defined by regulator 
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In this case the MSR UEM requirements apply in the middle of the 200 kHz guard band reserved by the regulator.
Observations for Foffset,GSM = 200 kHz: the resulting frequency range of the MSR UEM can support the selected scenarios in terms of protecting adjacent victim carriers and providing support for the mutual sharing of the 200 kHz guardband among operators, however, the UEM frequency range is larger than really necessary from a co-existing perspective. Foffset,GSM = 200 kHz is a viable choice, but not optimally matched to these scenarios.
3.2. Foffset,GSM = 300 kHz
Scenario 1 a):
[image: image4.wmf]no agreement with the MSR operator, 200 kHz guard needed
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In this case the MSR UEM requirements apply already right at the start of the other operator’s license block (victim carrier) which is required from a co-existing perspective.
Scenario 1 b):
[image: image5.wmf]with agreement allowing MSR operator to shift the RF bandwidth edge
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In this case the MSR UEM requirements apply already right at the start of the other operator’s victim carrier which is required from a co-existing perspective to support such an agreement.
Scenario 2 a):
[image: image6.wmf]no agreement with the MSR operator, 200 kHz guard needed
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In this case the MSR UEM requirements apply already right at the start of the other operator’s license block (victim carrier) which is required from a co-existing perspective.
Scenario 2 b):

[image: image7.wmf]with agreement allowing MSR operator to shift the RF bandwidth edge
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In this case the MSR UEM requirements apply already right at the start of the other operator’s victim carrier which is required from a co-existing perspective to support such an agreement.
Scenario 1 c):

[image: image8.wmf]no agreement with the MSR operator, 200 kHz guard defined by regulator 
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In this case the MSR UEM requirements apply already right at the start of the other operator’s victim carrier which is required from a co-existing perspective.
Observations for Foffset,GSM = 300 kHz: the resulting frequency range of the MSR UEM can support the selected scenarios in terms of protecting adjacent victim carriers and providing support for the mutual sharing of the 200 kHz guardband among operators. The UEM frequency range is well matched to the victim carrier frequency range as is required from a co-existing perspective. Foffset,GSM = 300 kHz is a viable choice, and appears better matched to these scenarios than Foffset,GSM = 200 kHz.
However, there is one special case where Foffset,GSM = 300 kHz is somewhat of an issue: consider the upper DL operating band edge (e.g. 960 MHz) and a MSR operator wishing to deploy a GSM carrier centred at 959.8 MHz, corresponding to 200 kHz offset. Now with the MSR UEM defined for Foffset,GSM = 300 kHz there would be no OOB requirement within the first 100 kHz outside the operating band (unlike TS45.005), which is not desirable. This case may then need to be handled by additional requirements. 
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3.3. Foffset,GSM = 400 kHz 
Scenario 1 a):

[image: image10.wmf]no agreement with the MSR operator, 400 kHz carrier centre frequency separation cannot be supported
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In this case the requirement of 400 kHz carrier centre frequency separation cannot be fulfilled as the GSM centre frequency separation is not a multiple of 200 kHz, hence not even 300 kHz, but 400 kHz instead of 200 kHz guardband need to be consumed.

Scenario 1 b):

[image: image11.wmf]with agreement allowing MSR operator to shift the RF bandwidth edge
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In this case the MSR UEM requirements protect the other operator’s victim carrier only partially which undesirable from a co-existing perspective, hence the other operator may not support such an agreement. This could only be alleviated by adding an additional 100 kHz guardband to the MSR license block. 
Scenario 2 a):

[image: image12.wmf]no agreement with the MSR operator, 1000 kHz carrier centre frequency separation cannot be supported
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In this case the requirement of 1000 kHz carrier centre frequency separation cannot be fulfilled as 300 kHz instead of 200 kHz guardband are consumed.

Scenario 2 b):

[image: image13.wmf]with agreement allowing MSR operator to shift the RF bandwidth edge
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 In this case the MSR UEM requirements don’t fully protect the other operator’s victim carrier RF BW which in principle undesirable from a co-existing perspective, even though the unprotected frequency range is within the virtual guard of the 1.4 MHz victim carrier. This could be alleviated by adding an additional 100 kHz guardband to the MSR license block. 
Observations for Foffset,GSM = 400 kHz: the resulting frequency range of the MSR UEM cannot support the selected scenarios in terms of effectively protecting the adjacent victim carrier’s RF BW and providing support for the mutual sharing of the 200 kHz guardband among operators. Foffset,GSM = 400 kHz is thus not recommended due to it’s inherent waste of spectrum.
3.4. Observations regarding Foffset,GSM 
From the viewpoint of the following goals:

· support of the mutual sharing of 200 kHz guard band among adjacent operators 
· protection of the victim carrier frequency range by the MSR UEM as is required from a co-existence perspective
we found that  

· Foffset,GSM = 200 kHz is viable

· Foffset,GSM = 300 kHz is viable and optimally matched to these scenarios, except for allocations with 200 kHz offset to the DL operating band edge which would require special consideration
· Foffset,GSM = 400 kHz shall be discarded as it does not support the above goals for the GSM scenarios and wastes spectrum 

With Foffset,GSM = 200, 300 kHz and given the scenario assumption of 200 kHz guardband to be mutually shared between the operators, it appears that the MSR operator is at no particular disadvantage when it comes to negotiating the MSR RF bandwidth edge to protrude into the other operator’s license block – that is as long as the BC2 UEM is considered to provide sufficient protection when compared with the GSM OOB requirements.
4.    Analysis of Foffset,1.4 MHz EUTRA
4.1. Scenario 3 with Foffset, 1.4 MHz EUTRA = 700, 900 kHz

In the absence of any mutual operator agreements, support of the 1.4 MHz E-UTRA – 1.4 MHz E-UTRA scenario with 1400 kHz carrier centre frequency separation (i.e. no guard band) requires Foffset, 1.4 MHz EUTRA = 700 kHz as shown here:
[image: image14.wmf]no agreement with the MSR operator, no guard needed, 1.4 MHz carrier centre frequency separation supported
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Otherwise the MSR operator needs to reserve 200 kHz guardband (Foffset, 1.4 MHz EUTRA = 900 kHz):

[image: image15.wmf]no agreement with the MSR operator, 200 kHz guard needed, 1.4 MHz carrier centre frequency separation cannot be supported
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However, Foffset, 1.4 MHz EUTRA = 900 kHz might also be feasible without 200 kHz guardband if the MSR operators can obtain the permission to protrude the MSR RF bandwidth edge into the other operator’s license block as shown here:

[image: image16.wmf]with agreement allowing MSR operator to shift the RF bandwidth edge
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However, one should note that in case of 1.4 and 3 E-UTRA victim carriers the MSR UEM requirements don’t protect the full frequency range of the other operator’s victim carrier transmission bandwidth configuration which is undesirable from a co-existing perspective. Furthermore, the other operator, e.g. when not using MSR BS, might not have an incentive to come to such agreement, as no guardband is to be mutually shared and compliance with the E-UTRA OOB requirements will considered sufficient for preventing harmful interference.
For these reasons, Foffset, 1.4 MHz EUTRA = 700 kHz is more desirable unless operators are also considering to share 200 kHz guardband for the 1.4, 3 MHz E-UTRA - E-UTRA adjacency cases.
5.    Implications of Foffset,RAT for the BC2 UEM

There appears to be some consensus within RAN4, that the BC2 UEM should be derived from the BC1 UEM by modifications as needed to account for the modulation spectrum of the NB carriers (GSM, 1.4, 3 MHz E-UTRA). The required amount of the modification on top of the BC1 UEM depends on the choice for Foffset,RAT. 
In the following we limit these modifications within the first 200 kHz above/below the RF bandwidth edge. Note, that the BC1 UEM has a level of -14 dBm/30 kHz within the first 200 kHz above/below the RF bandwidth edge.
The implications of the considered values for Foffset,RAT for the modification of the BC1 UEM within the first 200 kHz above/below the RF bandwidth edge are as follows:
5.1. Foffset,GSM = 200 kHz 
The impact for a 45 dBm GSM edge carrier was detailed in [1] for GSMK spectrum resulting in +7 dBm/30 kHz ‘start values’ of the BC2 UEM (in [1] a wider range of modifications within the first 1 MHz was also considered). One thing to bear in mind is that the GSM ‘SEM’ in TS45.005, Figure A.2b due to 8-PSK modulation and 16-QAM and 32-QAM is slightly relaxed relative to the GSMK requirements and this needs to be accounted for. 
5.2. Foffset,GSM = 300 kHz
Looking at the GSM ‘SEM’ in TS45.005, Figure A.2b (copied here to Appendix A), we see that also this case requires modifications to the BC1 UEM within the first ~50 kHz at least: 

43 dBm – 8 dB (conversion) -  required_att = -14 dBm  ==> required_att = 49 dB
From TS45.005, Figure A.2b we see that 49 dB relative attenuation will be reached only around 350 kHz offset. At 300 kHz offset the ‘SEM’ provides only ~42 dB which does not provide sufficient implementation margin to meet the -14 dBm/30 kHz.

Note that with 42 dB relative attenuation @ 300 kHz we obtain a ‘start value’ of the UEM around

43 dBm – 8 dB (conversion) -  42 dB = -7 dBm/30 kHz
5.3. Foffset, 1.4 MHz EUTRA = 700 kHz

From TS36.104 we find for the ‘start value’ of the E-UTRA UEM of -6 dBm/30 kHz. This value should be used within at least the first 100 kHz of the UEM, for the frequency offset range 100 ... 200 kHz some slope down to the -14 dBm/30 kHz can be considered.
5.4. Foffset, 1.4 MHz EUTRA = 900 kHz

No impact, BC1 UEM can be re-used for BC2.
5.5. Observations

From the above Foffset,GSM = 300 kHz and Foffset, 1.4 MHz EUTRA = 700 kHz lead to quite similar ‘start values’ of the BC2 UEM, e.g. -6 dBm/30 kHz may be appropriate to obtain a generic BC2 mask for all modulation spectra. Note that this is a much smaller relaxation values relative  to the BC1 UEM compared to the +7 dBm/30 kHz considered in [1] for Foffset,GSM = 200 kHz. 
6.    Way forward in selecting Foffset,RAT and the UEM
As shown above Foffset,GSM = 200 kHz is a viable option and the BC2 UEM could be derived along the lines of the NSN proposal in [1] from the last meeting.
However, based on all the above the following alternative way forward in selecting Foffset,RAT and the UEM should also be considered:
Table 1. Proposed values for Foffset, RAT, Band Category 2

	RAT
	Foffset, RAT

	E-UTRA
	[BWChannel/2]

	UTRA
	[2.5 MHz]

	GSM
	[300 kHz]


Note that these Foffset, RAT values are favorable for the selected adjacent operator deployment scenarios: they allow support of the mutual sharing of 200 kHz guard band among the operators in line with today’s practices and provide protection of the victim carrier frequency range by the MSR UEM as is required from a co-existence perspective, in particular for 1.4, 3 MHz E-UTRA.

A generic BC2 UEM could be derived from the BC1 UEM as follows:
· frequency offset 0 ... 100 kHz above/below the RF bandwidth edge: -6 dBm/30 kHz
· frequency offset 100 ... 200 kHz above/below the RF bandwidth edge: linear slope down to -14 dBm/30 kHz

Alternatively the UEM within the first 200 kHz above/below the RF bandwidth edge could be made dependent on the MSR edge carrier, i.e. a steeper slope down to -14 dBm/30 kHz for GSM edge carriers than for 1.4, 3 MHz E-UTRA edge carriers.
As mentioned in Section 3.2, GSM carrier allocations with 200 kHz offset to the DL operating band edge may then require additional OOB requirements (to be studied in RAN4).
Furthermore, we support the consideration of relaxations due to IM3 related to GSM carriers as proposed in [2], further details how to capture this would need to be elaborated.
7.    Conclusions

This contribution discussed the implications of setting Foffset,RAT from a deployment scenario basis and  proposed ways forward in selecting Foffset,RAT and the BC2 UEM.
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Appendix A: GSM BTS spectrum due to 8-PSK modulation, and 16-QAM and 32-QAM with normal symbol rate (from TS45.005)
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Figure A.2b: GSM 400, GSM 900, GSM 850, MXM 850, GSM 700, DCS 1800, PCS 1900 and MXM 1900 BTS spectrum due to 8-PSK modulation, and 16-QAM and 32-QAM with normal symbol rate
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