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1. Introduction
Whether the transmitter should be on for receiver tests has been discussed in previous RAN4 meetings. Currently it seems to be unclear whether it is necessary to have the transmitter on for the receiver tests. In this contribution we give some examples of why it is necessary to keep the transmitter on for the tests.
In this paper, we consider the existing receive requirements in the spec and show that if blocking is not tested with TX on, conformance to existing requirements would not be sufficient to capture proper implementation of the receiver.

Note that with CA, MSR and NC-MSR the trend is towards higher and higher RF bandwidth. In addition the IM products become wider when one or more of the interferers is broad banded.
2. Discussion

The purpose of the specified tests is to ensure that the BS will conform to the requirements in the core specifications for all operating conditions. 
The examples in this contribution are based on the E-UTRA BS specification, TS 36.104. However similar argumentation can be made for the 25 and 37 series specifications.
2.1
Reference sensitivity 

It has previously been agreed that the transmitter should be on for the reference sensitivity tests, so we assume that the test is performed with the transmitter on. This would capture the spurious emission levels into own receiver as well as selectivity of the RX part of the duplex to suppress the own carrier.

[image: image1]
Figure 1: Signals at the receiver for the Reference Sensitivity test

It is not possible to directly infer the design of the BS receiver from this requirement. The total amount of emissions in the receive band depends on the power of the emissions generated by the PA and the suppression in the duplex filter and the tradeoff can be done differently depending on the design for the other components in the BS. The same apply on selectivity of the whole receiver chain including the duplexer. For the purpose of this example we assume that this suppression is sufficient to pass the test.
Duplexer RX attenuation in the range 80-90 dB have been discussed previously when feasibility of the new bands are investigated and we assume that the filter attenuation is in this range. For these attenuation levels we would need additionally 60-70 dB selectivity in the receiver.
Considering the upper part of duplexer attenuation, for a 46 dBm transmit power and 89 dB attenuation in the duplex filter we get a remaining carrier level at the receiver of -43 dBm.
2.2
Rx intermodulation

One important design parameter of the receiver stage is the linearity of the receiver which is captured by the third order intercept point. This parameter allows us to estimate the levels of third order intermodulation products generated in the receiver.
The third order intercept point (IIP3) point can be deduced from the receiver intermodulation requirement. The signal setup for this requirement is illustrated in figure 2:
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Figure 2: Signal setup for Receiver intermodulation test

If we know the levels of the interfering signals and the level of the IM3 product we can calculate the IIP3 level of the receiver.

Assuming a reference sensitivity of -101.5 dBm and a 6 dB noise rise we get a power of the IM3 product of approximately -97 dBm. The power of the interfering signals according to the specification is -52 dBm. This allows us to calculate the IIP3 point of the receiver which is: (PIF – PIM3)/2 + PIF which in this case results in an IIP3 point of approximately -30 dBm.

It has been pointed out that there are commercially available receivers with better IIP3 performance. However the main point here is that any BS with an IIP3 of at least -30 dBm will pass the test.

2.3
In-band Blocking with transmitter off

We first look at the signals with present in the in-band blocking test with the transmitter off.
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Figure 3: Signals at the receiver for in-band blocking tests

In this case it is relatively easy to see that the assumed design will pass the test. The selectivity needed to meet the requirement is approximately 54 dB and we assumed in 2.1 that the selectivity in the receiver was of this order. The interfering signal is a bit closer to the received signal in this case, but it’s still reasonable to assume that the receiver passes the test.

2.4
In-band Blocking with transmitter on
We can now look at the blocking test again but with the transmitter turned on.
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From the assumptions in subclause 2.1 we saw that the level of the carrier present on the input of the receiver was -43 dBm and the blocker signal is also -43 dBm. We also saw that the required IIP3 level was -30 dBm.
We can calculate the level of the IM3 product generated in the receiver as 3PIF - 2IIP3 = -69 dBm. This will result in a bit higher than the required 6 dB degradation. Actually this will correspond to a desensitization of 32 dB.
The proper BS receiver implementation should thus cope with own transmitter when an interferer (in-band blocking) is present and thus the needed level of IIP3 would be approximately -16 dBm. This is significantly more stringent than what is required to pass the receive intermodulation requirement which requires an IIP3 of around -30 dBm.
2.5 Summary

From the requirements it is possible to understand some of the minimum requirements for the receiver design. In this example we looked at carrier suppression and IIP3 of the receiver. We then showed that using these minimum design parameters the receiver passed the blocking test while at the same time the receiver did not pass the test with the transmitter turned on.

This is the important conclusion. If only the reference sensitivity test is performed with the transmitter on it is possible that a BS that passed all the tests with the transmitter off may actually have a desensitization of 32 dB when the transmitter is on.
3. Channel in the middle of the band

Looking at the test procedure it is only carrier positions in the middle of the band that are tested for blocking (at least for LTE). That means that at the particular test the IM3 products will be generated with the blocker in the middle of the duplex gap. So for the particular signal setup discussed previously is not actually part of the test.
For the particular signal setup in the test one could argue that the duplex filter will attenuate some of the blocking signals, but at the same time the blocking level is at -15 dBm instead of -43 dBm, i.e. the level is 28 dB higher. Thus we believe that the signal levels present on the receiver will be of the same order as we used in the previous example.
4. Implications of increasing bandwidths

In this particular example there will only be a limited set of blocking frequencies that will generated IM3 products within the 5 MHz receive band. Today however, the trend is towards wider and wider RF bandwidths of the transmitters and receivers for handling carrier aggregation and non-contiguous scenarios. As bandwidths are increasing and more and more carriers are aggregated within the same radio the risks of IM3 interference is rapidly increasing. Another impact is that the interfering signals become wider and wider which causes wideband IM3 products. This will also increase the risk of interference from the IM3 products.
5. Conclusions

In this contribution we have shown an example of how a BS may pass all the tests with the transmitter off while the same BS would show a desensitization of 32 dB when the transmitter is on (and obviously not pass for example the blocking test).
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