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1.
Introduction

The MSR core requirements have been discussed for over a year in both RAN4 and GERAN WG1 with very good progress. The requirements for all band categories are almost settled and already there are a large number of agreed requirements in the TS 37.104 [1].

The MSR requirement consist of a set of single RAT requirements which often are applicable per concerned RAT even in multi-RAT context and a set of generic requirements often applicable as out-of band requirements.
The WI also has the objective to develop conformance test requirements for MSR for all band categories with finalization date in March 2010, thus the time plan for conformance tests is quite stringent. To conclude on the structure for conformance tests, we need to first agree upon the test configurations.

In this paper, we initiate the discussions on conformance tests and test configurations for BC1 and BC2. We also present a generic approach for definition of test configurations depending on the declared MSR BS parameters. 
2.
Discussion
The introduction of MSR gives enormous flexibility on how different RATs can be deployed. The MSR specification would allow simultaneous operation of up to three different RATs through same radio HW. Depending on the capabilities and set of declared parameters (see annex A) of the BS there may be hundreds or even thousands of different configurations of carriers within the RF bandwidth.
As a small example, consider a BS with the ability to support three carriers within the RF bandwidth, where each carrier may be a GSM, UTRA or an E-UTRA carrier of 6 different bandwidths. This gives 83 = 512 different combinations. In practice this number is slightly lower since not all 512 combinations fit inside the RF bandwidth. However the carrier center frequencies can vary slightly giving rise to even more configuration possibilities.

When the type and center frequency of each carrier has been selected the power of each carrier can also be configured differently, so the number of possible power combinations must be multiplied with the number of carrier configurations. It is easy to realize that the number of possible configurations for an MSR BS is in practice almost infinite and the number of used test configuration must be reduced.
Even though the core requirements are applicable regardless of the configurations, a reduction in number of test configurations is essential to avoid lengthy test procedures. A reduction should be done in a way that we obtain sufficient coverage of test cases where multi-carrier aspects as well as multi-RAT aspects where single RAT and multi-RAT requirements are considered.
2.1
Test with most stringent combination

Depending on the declared parameters, the set of test configurations should be selected in a way so that it captures the most stringent test scenarios/configurations. This way it is ensured that the BS performs according to specifications for all possible configurations.
To be able to identify which scenarios that is most stringent it is necessary to consider some of the challenges when designing a MSR BS. 

In general the test configurations shall cover the rated maximum RF bandwidth since this is the case that puts maximum stress on the receiver and transmitter. This applies for some requirements of regulatory importance e.g. operating band unwanted emissions.
Since the MSR objective is also to capture the multi carrier aspects, some single RAT requirements should be tested at maximum RF bandwidth. For the single RAT cases the most stringent test configuration is also when using the full BS bandwidth so there is no need to test at narrower bandwidths to ensure that the MSR rated equipment can operate at RF bandwidths smaller than maximum RF bandwidth.
2.1.1
Design challenges for the transmitter

There are two main challenges when designing the transmitter. Linearization of the transmitter is necessary to limit spectrum re-growth to fulfill regulatory requirements, e.g. operating band unwanted emissions and spurious emissions. Another challenge is peak to average reduction which enables higher PA efficiency with maintained signal quality.

The linearization challenge for the transmitter lies in multi-RAT scenarios where the carriers with high power spectral density are allocated towards the edge of the RF bandwidth, i.e. they are located so that the frequency separation between high power spectral density carriers is maximized.

From a peak-to-average reduction point of view, the above configuration is also the most challenging scenario.

2.1.2
Design challenges for the receiver

The main challenge when designing the receiver is to achieve enough selectivity and linearity to limit the impact of interferers outside of the RF bandwidth. Thus the most challenging configuration is when carriers are allocated at the edge of the RF bandwidth.
It should also be noted that since the impact is largest on the edges of the RF bandwidth it is sufficient to test only the carriers allocated at the edges.

2.1.3
Method for selecting most stringent combination

Making the test configuration a declared parameter is not a way forward since the MSR equipment can be configured in a way beyond the tested declared configuration. It is also possible that a declared test configuration is far away from the test configurations that stresses the transmitter and receiver. In this case there would be no way of knowing that the BS performs according to the specifications unless the BS was configured exactly the way it was tested.
We propose to develop a number of test configurations that test different aspects of the BS. The exact carrier configuration in a test configuration should be possible to derive using a predefined method (function) with the manufacturer declaration as input parameter. A list of MSR declared parameters is given in Annex A.
In this paper we give five different examples of test configurations and the method for deriving those. Note that some parts are still missing, for example how to allocate power is not discussed. These proposals can serve as a basis when further developing the test configurations.
2.2
Avoid redundant tests

If we assume that a property of the BS is tested by one test with one test configuration, sometimes the same property will be tested in another test. Obviously these cases should be avoided so that the same property is not tested twice.

Some conformance tests performed as multi-RAT should fully cover the single RAT requirements and thus eliminate the need for performing such test in single RAT mode. One example is Out-of-band blocking. If Out-of-band blocking is tested on e.g. GSM carriers in multi-RAT with test configuration covering full RF bandwidth with GSM carriers at the edge, additional single RAT requirements would not be needed.

There is no need to test simultaneous operation of three RATs even if the BS supports it. It is enough to test combinations of two RATs. This is due to the fact that from testing point of view, the RATs allocated at the edges of declared RF bandwidth are of interest and thus the combinations of two RATs (can be more than one combination) should be sufficient. (There are only two edges of the RF bandwidth and it is not possible to combine more than two RATs at the edges.) As an example, if certain MSR equipment is declared to handle GSM, UTRA and E‑UTRA, in addition to single RAT tests, test configurations based on combination of GSM/UTRA and GSM/E-UTRA will fully cover the multi-RAT requirements.

For large operating bands the RF bandwidth will only cover a part of the band. For single RAT specifications it is common to test the BS at the bottom, middle and top (B,M,T) of the band. However the difficult cases are when the RF bandwidth is at the top or the bottom of the band and thus testing in the middle of the band is not necessary in most cases.

3
Test Configurations (TCx)
3.1
GSM multicarrier test

The GSM multi carrier aspects are already covered in the GSM specification as MC-BTS and thus we only focus on UTRA and E-UTRA. 
3.2
TC1: UTRA multicarrier aspects
The purpose of TC1 is to test the multicarrier aspects for UTRA of the MSR BS. It is applicable to all BS supporting UTRA.
The UTRA multi-carrier Test Configuration (TC1) is quite straight forward. The declared maximum RF bandwidth should be filled with maximum number of UTRA carriers with same power allocated on each carrier.
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Figure 1
UTRA multi-carrier test configurations (TC1)
The following method can be used to find the carrier configuration:
· Place a UTRA carrier adjacent to the high and low edge of the RF bandwidth. The RF bandwidth should be the declared maximum supported RF bandwidth.

· Alternately place a UTRA carrier adjacent to the carrier at the low and high end of the RF bandwidth until there is no more room to fit a carrier or the BS does not support more carriers.
3.3
TC2: E-UTRA multicarrier aspects
The purpose of TC2 is to test the E-UTRA multicarrier aspects of the MSR BS. It is applicable to a BS supporting E-UTRA. Thus for a BC2 BS that only supports GSM and UTRA the tests where this test configuration is used do not apply.
Since E-UTRA currently supports up to six different bandwidths, the-UTRA multi carrier test configuration can be defined as follows:
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Figure 2
E-UTRA multi-carrier test configurations (TC2)
The proposed E-UTRA multi-carrier test configuration is constructed in a way that it consist of lowest supported E-UTRA bandwidth and a number of 5 MHz E-UTRA carriers.

The proposed test configurations put more stress on implementation compared to using wider E-UTRA carriers than 5 MHz since the 5 MHz E-UTRA carrier has lower guard towards the edge compared to 10,15 and 20 MHz E-UTRA carriers.
The single-RAT E-UTRA ACLR should cover bandwidths larger than 5 MHz from test coverage point of view.
The following method can be used to find the carrier configuration:
· Select the narrowest supported E-UTRA carrier and place it at the one RF bandwidth edge. Notice that the specified FOffset-RAT shall apply on any edge carrier. 
· Select as many 5 MHz E-UTRA carriers as possible that fit in the rest of the RF bandwidth. Place the carriers adjacent to each other and at the other RF bandwidth edge.

· The distance between the high and low RF bandwidth edge should be the declared maximum supported RF bandwidth.
3.4
TC3: UTRA and E-UTRA multi RAT operations
The purpose of this test configuration is to test simultaneous operation of UTRA and E-UTRA. It applies for BS supporting both UTRA and E-UTRA.
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Figure 3
UTRA / E-UTRA test configurations (TC3)
The proposed E-UTRA / UTRA multi-RAT test configuration is constructed in a way that it consist of at least one UTRA carrier and one 5 MHz E-UTRA at the edge of declared maximum RF bandwidth. The remaining bandwidth should be filled with additional UTRA and 5 MHz E-UTRA bandwidths.

The following method can be used to find the carrier configuration:
· Select a UTRA carrier to be placed at one RF Bandwidth edge
· The RF bandwidth should be the declared maximum supported RF bandwidth.

· Place a 5 MHz E-UTRA carrier at the other RF bandwidth edge. If that is not possible put the widest E-UTRA carrier supported at the other RF bandwidth edge. The specified FOffsetRAT shall apply on the edge carriers.
· Alternately add UTRA carriers at one end and 5 MHz E-UTRA carriers at the other end until the RF bandwidth is filled or the maximum number of supported carriers is reached.
3.5
TC4: BC2 transmitter operation
The purpose of test configuration 4 (TC4) is to verify the correct operation of the transmitter in a BC2 MSR BS. This applies to all BS supporting GSM.
For BC2 multi-RAT scenarios, where GSM, UTRA and E-UTRA are involved, we propose to design the test configurations based on two RATs where GSM is one of the RATs. The most stringent scenarios from transmitter design and linearization is when carriers with high PSD are allocated at the edges of the declared maximum RF bandwidth. Considering the above, the following test configuration (TC4) with GSM carrier(s) at the edge is combined with UTRA/ 5 MHz E-UTRA carriers in the middle. 
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Figure 4
BC2 transmitter test configuration (TC4)

The following method can be used to find the carrier configuration:
· The RF bandwidth should be the declared maximum supported RF bandwidth.

· Alternately put GSM carriers at the high and low end of the RF bandwidth.

· If the BS supports E-UTRA put 5 MHz E-UTRA carriers in the middle of the RF bandwidth.
· If the BS only supports UTRA put UTRA carriers in the middle of the RF bandwidth. 

3.6
TC5: BC2 receiver operation
The purpose of test configuration 5 (TC5) is to verify the correct operation of the receiver in a BC2 MSR BS. This applies to all BS supporting GSM.
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Figure 5
BC2 receiver test configuration (TC5)
· The TC4 is the most strict case for the transmitter while the receiver characteristics for UTRA / E-UTRA is not fully captured due to the fact that UTRA / E-UTRA carriers are not allocated at the edge. Thus for BC2, we need an additional test configuration where GSM and UTRA / E-UTRA are allocated at each edge of declared RF bandwidth. Notice that the specified FOffset-RAT shall apply.
The following method can be used to find the carrier configuration:
· The RF bandwidth should be the declared maximum supported RF bandwidth.

· Place GSM carriers at one edge.
· Place 5 MHZ E-UTRA carriers at other end. If that does not fit select a narrower E-UTRA carrier. For BS supporting only wider E-UTRA bandwidths than 5 MHz select the narrowest possible E-UTRA carrier.
· For a BS supporting only UTRA place UTRA carriers at the other end.
3.7
Mapping of requirements on test configurations
As discussed earlier, the proposed test configurations have been developed to stress and capture different receiver and transmitter characteristics. Due to nature of proposed models, there is a natural mapping between test models and the requirements. Table 1 gives an example overview of possible mapping between test configurations and various receiver and transmitter requirements.

Table 1: Mapping between test configurations and requirements.
	
	TC1
	TC2
	TC3
	TC4
	TC5

	Transmitter requirements
	Output power

EVM

Operating band unwanted emission 

…


	Output power

EVM

Operating band unwanted emission 

…


	Output power

EVM
Operating band unwanted emission 

Spurious emission

…
	Output power

EVM
Operating band unwanted emission 

Spurious emission

…
	Output power

EVM
Operating band unwanted emission 

…



	Receiver requirements
	Receiver IM

…


	In-band blocking

In channel selectivity

…
	In-band and Narrow-band blocking

Out-of-band Blocking

Receiver IM

…
	…


	In-band and Narrow-band blocking

Out-of-band Blocking

Receiver IM

…


It should be noted that in addition, there are a number of single RAT requirements that need to be conformance tested using the declared maximum RF bandwidth.
4
Proposal

In order to progress the work we propose that the following principles are agreed as a way to guide the continuing work of creating the test specifications.

· Test configurations should be selected so that the most challenging configuration is used to test the BS.

· All test configurations (multi-RAT and single RAT) use an RF bandwidth which is equal to the declared maximum supported RF bandwidth.

· The main effort is placed on the edge carriers, thus there is no need to test combinations of three different RATs.
· A method/algorithm/function is used to derive the test configurations with the manufacturer declaration as input parameter.
· Redundant test should be avoided.
5
Conclusions

In this paper, we have initiated the discussions on test configurations for MSR conformance testing. We also propose a generic approach to define configuration depending on the declared MSR parameters. We promote limited number of test configurations which stresses and captures the receiver and transmitter characteristics as a way forward in RAN4. Since the proposed test configurations are designed to fulfill a certain purpose, there is a relation between test configurations and requirements. We also showed some examples of mapping between transmitter /receiver requirements and test configurations. 
We have also proposed general principles and a way forward for defining test configurations that should be used when further developing the MRS conformance test specification. 
6
References

[1]
RP-090764 “Presentation of Specification to TSG: TS 37.104, Version 1.0.0”, Ericsson

Annex A 
Declared MSR parameters

Even though the declared parameters for MSR are still under discussion, there is a minimum set of parameters in [2 TR 37.900] which contain information about supported RATs, band widths and power related parameters:

The manufacturer shall declare which of the following RAT and bandwidth specific parameters are supported by the MSR BS. 

-
Supported band category

-
Which RAT(s) the MSR BS support and in what bands

-
The maximum RF bandwidth supported by a MSR BS within an operating band 
-
Which of the E-UTRA channel bandwidths specified in TS36.104 clause 5.6 are supported

-
The maximum number of supported carriers

-
in total

-
per RAT

-
The rated output power for each supported

-
carrier

-
RAT

-
The rated total output power as a sum over all RATs

-
Maximum supported power difference between carriers
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