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A generic approach for MSR-NC in GERAN
Introduction

GERAN has specified requirements and test for Multicarrier BTS deployed in non-contiguous spectrum, based on a likely deployment scenario, according to figure 1, where two pairs of carriers are separated by 5.4 MHz.
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Figure 1 Current non-contiguous test case

This is however not the only possible scenario. Others could be according to figures below. A scenario based standard is in principle restricted to the scenarios it is based on and due to the almost infinite set of possible scenarios for non contiguous spectrum, such a standard would potentially also become complex. Every additional arising scenario or carrier deployment within the particular scenario would also require additional standardization. It is also desirable if MCBTS non-contiguous spectrum capable equipment could be deployed in various scenarios.  Thus there is need to define a generic approach for defining the requirements and test cases.
Some example scenarios
Examples of possible deployment scenarios in non-contiguous spectrum:
Scenario 1a: Two sub-blocks with large sub-block gap
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Scenario 1b: Two sub-blocks with large sub-block gap
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Scenario 2: Two sub-blocks with small sub-block gap


[image: image4.emf]Block 1

(<5MHz)

Block 2

(>5MHz)

RF bandwidth


Scenario 3: Three sub-blocks with medium sub-block size
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The Generic Approach

The alternative to scenario based requirements is a “generic approach”, where the requirements are assumed to apply for all possible scenarios based on declared parameters.
For the non-contiguous MCBTS case, the gaps can belong to another un-coordinated operator. For this reason, requirements inside the gaps should be similar to the ones at the RFBW edges. Assuming that the edge requirements and gap requirements are similar, there is not much difference between contiguous and non-contiguous scenarios given a declared maximum RF bandwidth. On transmitter side from linearization point of view, the linearization bandwidth is several times larger than the declared maximum RFBW to handle the edge requirements such as intermodulation and thus linearization will apply both for edges and in the gaps. The most fundamental issue and challenge with MSR-NC is the declared maximum RF bandwidth and not the specific non-contiguous scenarios that such equipment would be deployed for. It is thus crucial that the requirements apply when the carriers are deployed all over the declared RFBW, not allowing for testing on a per sub-block basis.
For the broadband receiver needed for MCBTS, the non-contiguous case implies that there are similar requirements for the gaps as for the block edges, since the gaps belong to uncoordinated operators. 
Since both receiver and transmitter requirements needed for the gaps can be similar to the requirements for the block edges, non-contiguous MCBTS can in fact be treated in the same way as contiguous MCBTS as long as proper non-contiguous MCBTS specific test configurations are applied that cover the most stressful scenarios, completely based on declared parameters.

The generic approach considering the broadband receiver and transmitter characteristics is based on the equivalence between contiguous and non-contiguous MCBTS and implies the following:

· The current requirements for the RF BW edges are maintained and equivalent requirements are introduced.

· MCBTS in non-contiguous spectrum is treated as contiguous MCBTS, with the proper test configurations to stress the receiver and transmitter characteristics.

Gap requirements

The generic approach to MCBTS in non-contiguous spectrum means that the gap requirements should reflect the fact that MSR-NC equipment should handle requirements in a similar way as N contiguous MCBTS where N is the number of sub-blocks. Considering the operating band unwanted emission limits that these limits apply for each block, the gap requirement should be the cumulative level from contributing sub-blocks. This is already the approach adopted in GERAN for MC-BTS non-contiguous test requirements. The main reason is that non-contiguous capable equipment should not be penalized compared to deployments where each block is handled by a separate radio. The comparison is depicted in figure 2. 
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Figure 2 Cumulative approach
Test configuration
The MCBTS test case is limited to a specific test with 4 GSM carriers and fixed carrier separation, which may be seen as not applicable for a larger bandwidth. For this reason, a more generalized requirement with respect to MCBTS specifications would be needed to enable single RAT references to the MCBTS specifications in case of non-contiguous MSR. The implication is that either the MCBTS specifications needs to be updated to allow for broader requirements and test cases, or the MSR-NC requirements for single RAT GSM in the MSR specification will have to supersede the MCBTS requirements. GERAN may have to modify the MCBTS requirements as part of the work task.
Tests should be based on declared parameters, such as maximum RF BW and number of carriers. A possible test configuration for transmitter gap requirements would be to use two sub-blocks and one sub-block gap, with equal bandwidths. The carriers would have equal power and distributed as equally as possible between two sub-blocks. See figure 3 for examples.


[image: image7]

[image: image8]
Figure 3 Examples of MSR-NC compliant test cases. 
Corresponding receiver tests are also needed, proposals can be found in [1] and [2]
Transmitter characteristics
As previously described the preferred transmitter requirement for the sub-block gap is the cumulative approach, as it represents the equivalence between operation in non-contiguous and contiguous spectrum. However, this may not always apply in a meaningful way.

Most requirements can remain unchanged as they do no distinguish between in operation in contiguous and non-contiguous spectrum, and already apply at the edges as well as in the sub-block gap:
4.1 Output power
No change needed.
4.2.1 Spectrum due to the modulation and wideband noise

The requirement is already based on the cumulative approach as can be seen in 4.2.1.2
In case of the multicarrier BTS class, the requirements for spectrum due to modulation and wideband noise are based on the superposition of the single carrier spectrum requirements for all active carriers taking the different frequency offsets from each carrier into account.
It is however proposed to make the non-contiguous allocation less scenario specific by aligning it with a more generic testing principle.

4.2.1.4 Exceptions for spectrum due to modulation and wideband noise

There already exist requirements for the sub-block gap, specifying the number of exceptions as a function of carriers, including the range of frequencies between the two frequency pairs. 
viii) The following applies in case of a non-contiguous frequency allocation as defined in clause 3: The same total number of exceptions M for N active carriers apply as given in vi) including the range of frequency offsets between 0.6 MHz above the uppermost carrier of the lower frequency group and 0.6 MHz below the lowermost carrier of the upper frequency group.
The requirement does not distinguish between the sub-block gap and edge of RF BW and thus it is proposed to keep the requirement as is. The base station properties that the exceptions are meant to capture do not change when operating the base station in non-contiguous spectrum. 

4.2.2
Spectrum due to switching transients

No change needed.
4.3 Spurious emissions

The out-of-band part of the requirement does not apply in a sub-block gap. The in-band part does not distinguish between operation in contiguous and non-contiguous spectrum.
4.4 Radio frequency tolerance

No change needed.
4.5 Output level dynamic operation
No change needed.
4.6 Modulation accuracy

No change needed.
4.7.1 Base transceiver station intermodulation
No change needed
4.7.2 Intra BTS intermodulation

Current specification imposes limits on the measured power on intermodulation frequencies outside the group of supported frequencies. There is no general description on how to apply this requirement in the sub-block gap for wider sub-blocks, since current test case do not have overlapping intermodulation products from both carrier pairs.
The present text in TS 45.005 only defines two groups of carriers with a gap in between:

In case of  non-contiguous frequency allocation and a multicarrier BTS supporting non-contiguous frequency allocations as defined in clause 3, spectrum due to modulation and wideband noise shall be measured for frequency offsets above the uppermost carrier and frequency offsets below the lowermost carrier as specified above depending on the total number of active carriers N. In addition it shall be measured  inbetween the two frequency groups with the first frequency group located at carrier frequency A and lower frequencies and a second frequency group located at carrier frequency B and higher frequencies, where the bandwidth (B – A) specifies the bandwidth between the innermost carriers A and B. The following requirements apply for the range between the two frequency groups: 

Depending on the active carrier number N, for frequency offsets higher than or equal to 1.8 MHz both above the uppermost carrier A of the lower frequency group and below the lowermost carrier B of the upper frequency group the value of the spectrum due to modulation and wideband noise given for the measurement of the closest carrier of the innermost carriers A and B may not increase by more than calculated from the expression 10∙log (N) dB, or fulfil the requirement according to the multicarrier BTS class in subclause 4.7.2, whichever less stringent.

For frequency offsets less than 1.8 MHz above the uppermost carrier A of the lower frequency group or below the lowermost carrier B of the upper frequency group, the unwanted emission must not exceed a mask defined by the cumulation of the spectrum due to modulation and wideband noise from each of the N carriers and the IM products.

In addition, a number of allowable exceptions are defined as stated in vii) and viii). 

The gap (B-A) is defined to be more than 5.4 MHz. There is no limitation in the number of carriers or the separation between them within each sub-block. For wider sub-blocks the intermodulation products will be interleaved or even cumulate at certain frequency allocations. It is not clear in the specification how to interpret the reference to 4.72 in the phrase “fulfil the requirement according to the multicarrier BTS class in subclause 4.7.2”:
-
 Do we in general allow the IM products to cumulate in the gap or not?
It would align with generic approach if we did, but adding IM3 levels together may be considered controversial.

Regardless, we should note that the -36 dBm levels in these requirements originate from CEPT 74‑01 and refers to properties of the base station, which should be similar whether the spectrum is contiguous or not. Hence it should not be allowed in a cumulative calculation, i.e. the wording ‘whichever less stringent’ should remain until after all other additions have been done.

Receiver characteristics

While the GSM transmitter characteristics may need new definitions in the context of sub-block gaps, GSM receiver characteristics is already adapted for operation in non-contiguous spectrum. The signal levels of the interferers are aligned with that of an uncoordinated operator, and it is applied throughout the entire frequency range, at all sides of the wanted signals. Hence no impact to receiver characteristics is needed due to non-contiguous spectrum deployment, as long as MCBTS in contiguous spectrum is sufficiently covered.
5.1 Blocking characteristics

Current requirement do not fully cover multi carrier operation in contiguous spectrum, as wording is missing on receiver configuration. It is proposed to clarify according to [4], which also covers operation in non-contiguous spectrum. The requirements should apply for edges as well as the gap.
5.2 AM suppression characteristics

Current requirement do not fully cover multi carrier operation in contiguous spectrum, as wording is missing on receiver configuration. It is proposed to clarify according to [3], which also cover operation in non-contiguous spectrums. The requirements should apply for edges as well as the gap.
5.3 Intermodulation characteristics

Current requirement is not adapted to multicarrier operation due to short frequency offsets (800 kHz). However it is not seen as necessary to extend requirements as long as the blocking and AM suppression characteristics are fully described for MCBTS. The requirements should apply for edges as well as the gap.
5.4 Spurious emissions
Current requirement can remain unchanged as it does not distinguish between operation in contiguous and non-contiguous spectrum.

Transmitter/Receiver performance

Current requirements can remain unchanged as they do not distinguish between operation in contiguous and non-contiguous spectrum. The requirements should apply for edges as well as in the gaps.
6.1 Nominal Error Rates (NER)

No change needed.
6.2 Reference sensitivity level

No change needed.
6.3 Reference interference level

No change needed.
6.4 Erroneous frame indication performance

No change needed.
6.5 Random access and paging performance at high input levels

No change needed.
6.6 Frequency hopping performance under interference conditions

No change needed.
6.7 Incremental Redundancy Performance for EGPRS and EGPRS2 MS

No change needed.
Conclusion

A generic approach to deployment in non-contiguous spectrum has been presented, as an alternative to scenario based requirements. Possible impact to GERAN transmitter/receiver characteristics and corresponding testing has been discussed.
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