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1 Introduction

RET communication functionality has been introduced in 3GPP, which has for Layer 1 issues generated the TS 25.461, [1]. 

This document is an overview and clarification document to the change requests proposed in references [3] - [7] and to future change requests.
2 Discussions regarding Change Requests to RAN4 #34

2.1 Modem Time Delay and accuracy

There is no requirement defining how the BS modem and RET modem can be introduced in the antenna system. One possible configuration might be that the modems are introduced on one of the TX feeders. The modems will cause a delay of the signal and in this case only for one of the branches. For TX diversity there is a requirement of ¼ chip of difference in delay of the TX branches. To be able to meet this requirement the additional delay in one of the branches has to be handled by the system. It is therefore proposed to have a value that is declared by the manufacturer and from that value the tolerance has to be minimized. 

2.2 Modem operating band

There are a lot of bands defined in TS 25.104 and more bands are likely to come. When defining a RET for a special market it might be beneficial to define the RET for a subgroup of all bands to minimize size and cost. By introducing the term Modem Operating Band it is possible in TS 25.461 to refer requirements only to the bands that are applicable to that specific modem. An external BS and or RET modem could be designed for some or all of the operating bands.

2.3 Modem intermodulation attenuation

To achieve 0.1 dB receiver degradation, which was the goal for the spectrum emission mask, the IM products should be below –125 dBm/MHz. That is not believed to be realistic for all configurations if we consider many carriers, high output powers or long time in field environment.

Modem intermodulation attenuation (IM3) is for the case of 2 carriers of 43 dBm specified to be less than –120 dBm/MHz in the UL operating bands to achieve 0.3 dB receiver sensitivity degradation. For other configurations with more carriers and higher output power it is noted that the IM3 levels will increase and an upper limit of–98 dBm/100kHz is specified to fulfill spurious emission requirements for co-location. Receiver sensitivity can be restored with different antenna configurations and other site engineering solutions.
The –125 dBm/MHz is not measurable since it is below the thermal noise. The IM products should therefore be measured as CW. The translation from modulated carriers to a measurement with CW signals has to be investigated before defining the measurement. 

2.4 Modem return loss

We assume that a maximum of 9% reflected power is acceptable. 9% is calculated to be achieved with return loss > 20 dB and still leave some margins for additional equipment between the modems. Return loss for modems in external BS and RET modem operating band is specified to be >20 dB.
2.5 Modem insertion loss

The insertion loss has to be specified and limited. Too high insertion loss will degrade system performance. Unspecified insertion loss can not be compensated for in the reporting values and would result in wrong measurement reporting to RNC.
3 Discussions regarding future Change Requests
3.1 Modem filtering requirement

The current requirement specifies > 41 dB attenuation below 400 MHz. That is a requirement that is not needed from system performance point of view and it will drive cost. 41 dB was calculated as the requirement needed at the F0 frequency and was then extended to 400 MHz for specification simplicity. A more optimal filtering curve should be introduced, which will require a new CR.

3.2 Modem spectrum emission

There is no requirement defining how the BS modem and RET modem can be introduced in the antenna system. The modem could be introduced on a feeder, which is TX and/or RX feeder. The spectrum emission requirements therefore have to fulfill both RX and TX requirements.

3.2.1 Desensitizing of the BS receiver 

-125 dBm/Mhz was set as the requirement for the UL frequency band. This is the emission from the RET modem towards the base station, which will not be possible to filter in the BS modem. The level was calculated from the ambition to have only 0.1 dB desensitizing of the BS receiver. To achieve 0.1 dB the added noise would have to be 16 dB below the current noise floor. Calculating the current noise floor as the thermal noise plus the system noise figure we reach –174 dBM/Hz * 1 MHz + 5 dB = -109 dBm measured in 1 MHz. The level 16 dB below would then be –109 dBm – 16 dB = -125 dBm.

-125 dBm/MHz was applicable for the frequency range of 400 MHz to 12.75 GHz. For 1 GHz to 12.75 GHz the measurement bandwidth was chosen to be 1 MHz. Between 30 MHz and 1 GHz the bandwidth was chosen to be 100 kHz. The –125 dBm/MHz should therefore be converted to –135 dBm/100kHz  for frequency range of 400 MHz to 1 GHz. This was earlier wrongly converted to –115 dBm/100 kHz, which will require a new CR.

3.2.2 Trade off between the modem spectrum emission mask and filtering

The spectrum emission mask is the allowed emission from the BS modem towards the antenna and from the RET modem towards the base station. The emission from the BS modem has to be filtered in the RET modem before reaching the antenna and the emission from the RET modem has to be filtered in the BS modem before reaching the base station. There is therefore a trade off between the allowed modem emission and the required modem filtering. The filtering would have to be done as a high pass filtering in the RF path (drives size and cost) or as a low pass filtering in the ON/OFF keying modem before coupled to the RF path. There is a clear benefit from size and cost trying to push the requirement from the RF-path. By choosing an appropriate filtering requirement the spectrum emission mask can be calculated. A new spectrum emission mask calculated from a more optimal filtering curve will require a new CR.

3.2.2.1 Calculation of modem emission mask regarding spurious emission

Seen from the spurious emission requirement at the antenna there are the following requirements that are applicable:

· -36 dBm  
Frequency 9 kHz to 1 GHz. Transmitter requirement, Category B.

· -57 dBm

Frequency 30 MHz to 1 GHz. Receiver requirement.

It is only values below 400 MHz that is of concern here. Above 400 MHz are calculated from allowed desensitizing of the BS receiver according to chapter 3.2.1.

The allowed spectrum emission can then be calculated as below, using the filtering requirement according to chapter 3.2.1 and a mismatch margin.

Frequency: antenna emission + filtering – mismatch margin = modem emission

3.2.2.2 Calculation of modem emission mask regarding receiver blocking 

Seen from the blocking requirements of the receiver there are the following requirements that are applicable:

· > 1 MHz: -15 dBm CW interferer assuming wanted signal at –115 dBm.

Assuming the wanted signal at –115 dBm is 6 dB higher than the reference sensitivity level at –121 dBm. Allowing a noise rise from the interferer of 6 db the interferer can be calculated to be 10log(106/10-1) ≈ 5 dB above the noise. Still assuming only 0.1 dB receiver desensitizing the allowed interferer level shall be compensated to be 16 dB below the noise and the absolute level is calculated as

· -15 dBm –5 dB –16 dB = -36 dBm

From blocking perspective it is the f0 frequency that is limiting. The allowed spectrum emission can then be calculated as below, using the filtering requirement according to chapter 3.2.1 and a mismatch.

· Frequency: interferer level + filtering – mismatch margin = modem emission

· f0:  -36 dBm + (41+x) – x = 5 dBm

3.3  Modem DC characteristics

The RET modem might be included in an installation with only a jumper and the antenna outside the RET modem. The RET modem might as well be included in an installation with a TMA outside the RET modem and the TMA might need DC supply over the feeder through the RET modem. These are two types of configurations that should be taken care of by the RET modem manufacturer. The RET modem might support one type of configuration or both types but the capability would have to be declared. These definitions will require a CR.

3.4 Modem Isolation between DC and RF ports.

The noise from the RET towards the RET modem and from a DC supply towards the BS modem will have to be considered. An isolation requirement between the DC and RF ports for the BS and RET modem will be needed, which will require a CR.

3.5 Modem reference points

We see a need for further reference points, which will require a CR.

3.6 EMC

There is no requirement in TS 25.461 regarding EMC. A reference to TS 25.113 should be added to clarify that the reference is applicable, which will require a CR. If TS 25.113 will have to be updated is under investigation.

3.7 Testing

The testing of the modems has not been addressed so far in RAN4. The test specification of the modems should be introduced as a new specification or as an appendix in the TS 25.461. 

There are several issues that would have to be solved in the test specification. The spectrum mask is now specified to be below –125 dBm/MHz, which is below the thermal noise. A test method has to be decided and specified. The intermodulation products should also be specified at a level, which is below the thermal noise. The intermodulation attenuation could be measured with CW signals instead of modulated carriers, but the conversion factor between modulated and un-modulated IM-products would have to be investigated and decided. A test method has to be decided and specified. The isolation between DC and RF ports will include ports with different impedance and the measurement method will have to be investigated and specified. The test specification will require more CR’s or a new test specification.
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