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1. Introduction

At RAN meeting #28 the study item on UTRA Tower Mounted Amplifier (FDD) was approved. One of the objectives of this study item is to assess the feasibility of splitting the radio requirements between base station and UTRA FDD TMA. 

This contribution provides a text proposal for the TMA SI TR related to this area.

2. Text Proposal for the TMA SI TR

Feasibility of splitting radio requirements between Radio Basestation and UTRA FDD TMA
Dividing IMD contributions between 3GPP TMA and BS
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The above IMD scenarios will ultimately define the requirements for the 3GPP TMA RX filters and LNA linearity, once the maximum permissible noise+interference of the test scenario and the corresponding BS IMD contributions are known. The following figure and formulas detail the noise and IMD contributions generated within the cascade TMA + feeder + BS:

Fig. 1. Cascade TMA + feeder + BS

For a given IMD scenario the following signals are present at the reference point A’:

· Wanted signal: 
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· Interfering signals: 
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· Noise contributions: 
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· IMD contributions (as referred to the device input): 
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How could one derive from this a requirement for the maximum permissible noise+interference power caused by the TMA for a given IMD scenario?

Assuming the following:

1. The BB performance (Ec/No) of the 12.2 kbps wanted signal would have been agreed for the BS (without TMA).

2. The feeder loss a would have been agreed.

3. The TMA inband gain G would have been agreed.

4. For the given IMD scenario a maximum desensitisation for the TMA+feeder+BS receive chain would have been agreed (e.g. 6 dB). From this and 1,2,3) one can compute then the maximum allowed noise+interference 
[image: image5.wmf]test

I

(referred here to point A’) for this scenario.

5. The IMD 
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 and noise 
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 contribution of the BS would have been agreed. Note that this, however, requires an agreement on the TMA gain values 
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 (these may be out-band gains on the interfering signals 
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 depending on the IMD scenario at hand).

Then one could set the following constraint on the maximum permissible noise+interference contribution generated by the TMA (referred to point A’): 
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(*)

Equation (*) (or an equivalent formulation) would need to be fulfilled for each of the elected IMD scenarios e.g. in order to ensure that the chain 3GPP TMA + BS still fulfils the requirements of TS 25.104 at test port B. 

There are a couple of caveats in attempting to partition the IMD contributions between TMA and BS in this (or a similar) manner:

· A lot of assumptions (agreements) need to be made (TMA gain values, feeder loss, BS IMD contributions for many scenarios) and any TMA IMD requirement will then hold only under these assumptions.

· The RHS of equation (*) depends on the RF implementation of the BS and thus different values are expected from each BS system vendor. Moreover the IMD contributions 
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 cannot be expected to be readily available as the assumptions in today’s system vendor TMA specifications are likely to differ from those in a 3GPP WI. Hence these must be newly obtained either by measurements or RF calculations, which is expected to be a significant task given the large set of potential IMD scenarios and their parameters.

· In some of the above IMD scenarios there is a circularity of the required data in the sense that in order to determine the IMD contribution 
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from the BS one should know the out-band TMA gain values 
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 which, however, depend on the assumed TMA RX filter mask which is just what we are trying to define (indirectly) by TMA IMD requirements.

· In some of the above IMD scenarios one of the interfering signals may be the own TX carrier; hence the IMD requirement is also coupled to the maximum carrier power handling of the TMA.

Feasibility of defining IMD requirements for the 3GPP TMA

Assuming that all the parameters (Itest, G, a, FTMA, …) related to dividing IMD contributions between 3GPP TMA and BS would have been agreed, how could one then formulate IMD requirements for the 3GPP TMA so that equation (*)(or equivalent) holds for each of the elected IMD scenarios?
The following 3 options may be considered:

1. Attempt to standardise the TMA RX filter responses and LNA IIP3 in 3GPP. Then 
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 and the LHS of equation (*) are known for all elected IMD scenarios and BS system vendors can check the validity of equation (*) throughout this process. For testing the TMA vendors would then need to provide data related to RX filter responses and the LNA IIP3. However, standardising the receiver implementation (RX filters, IIP3) is typically not done in 3GPP as this restricts the design freedom.

2. BS system vendors could propose a minimum value for the RHS of the equation (*) to be met for all IMD scenarios. If this value would be agreed in 3GPP, then the maximum permissible 
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 could be obtained as a TMA requirement to be fulfilled throughout all elected IMD scenarios. However, a single maximum value for 
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 may be over-specifying the TMA: e.g. if in the above IMD scenario 7.) a very low value of 
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 is required (which may be achieved by suitable RX filtering) this would then potentially set overly stringent requirements for the TMA LNA IIP3 due to scenario 1.). Also TMA testing would still require that there is a specific test case for each of the elected IMD scenarios.

3. In order to be able to optimise the LNA cost, it is likely that a whole set of IMD requirements is required, rather than a single maximum IMD figure as in 2. BS system vendors could propose for each elected IMD scenarios a value for the RHS of the equation (*) to be met by the TMA. Also here TMA testing would require that there is then a specific test case for each of the IMD scenarios.

Testability of options 2.) and 3.) also require further study as the expected IMD powers will be close to the noise levels and furthermore, as the testing methodology of TS 25.141 based on the BLER of a reference measurement channel in the presence of interference cannot be assumed for the TMA.

Whatever the chosen method defining IMD requirements for the 3GPP TMA in the end may be, it should be equally applicable to all frequency Bands (i.e. also bands other than Band I), in order to be able to generate coherent 3GPP TMA specifications.

Summary of the feasibility of splitting the radio requirements between base station and 3GPP TMA

As shown, there are a large number of TMA radio parameters whose permissible values will depend on the detailed RF characteristics and performance of the BS to be supported. The most critical TMA radio parameters are:

1. Nominal RX passband gain (depends on BS gain distribution and receiver linearity)

2. Out-band gain mask (depends on BS gain distribution and receiver linearity)

3. IMD requirements (depends on BS receiver linearity)

4. Maximum power handling (depends on BS TX characteristics and configurations)

5. EVM on RX/TX paths (depends on BS EVM budget (filtering, clipping), this is relevant for frequency bands with narrow duplex gap)

Dividing these radio parameters between TMA and BS is non-trivial and will require a lot of detailed investigations for the TMA+BS receive (transmit) chain. If the aim of any 3GPP TMA standard would be to support a wide range of BS makes and configurations but also to meet at least the requirements of TS 25.104 at test port B with the TMA + BS cascade, then the likely outcome is that the TMA radio requirements would need to be set according to the worst case BS radio performance. In case this turns out to be not viable, the requirements in TS 25.104/141 at test port B would need to be revised in accordance with the assumed 3GPP TMA characteristics (performance).
In particular, there appears to be no obvious way in setting TMA IMD requirements without either restricting the TMA design flexibility or having a large number of IMD test cases potentially driving TMA cost. Moreover, in order to derive the TMA IMD requirements in such a way that any chain 3GPP TMA + BS still fulfils the requirements of TS 25.104 at test port B, a potentially large set data points, (for
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, see above) will be required from the BS system vendors. It is expected that 3GPP TMA IMD requirements and tests will be significantly more comprehensive (complex) than those for RET (covering only PIM) but also when compared with the BS as per TS 25.104. This will be required in order to ensure minimal interference due to the TMA under a wide range of operating scenarios without the need for involvement or responsibilities of the BS system vendor.
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