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1 Introduction
DTX detection for PUCCH format 2 has been discussed [1-4]. In this contribution we present new simulation results and highlight some of the system aspects of introducing DTX detection for CQI. 
2 Disadvantages with introducing DTX detection

When DTX is introduced in the detector some of the signal space is used for encoding the DTX signal. This means that for the same SNR level the CQI block error rate increases or conversely that a higher SNR is needed to maintain the same miss probability. This can for example be seen from the curves in Figures 1 and 2 below. 
The losses of DTX detection are 1 dB for ETU 50km/h and 1.1 dB for EVA 3km/h, respectively or that for the same SNR level the CQI missed probability increase from 1% to 2% and 2.5%.

2.1 Ideal simulation results
Table 1: Simulation assumptions

	Parameters
	Value

	carrier frequency
	2.0 GHz

	bandwidth,
channel model,

UE speed (km/hr)
	5 MHz, EVA, 3 km/hr

5 MHz, ETU, 50 km/hr

	frequency hopping
	at slot boundary

	antenna setup
	1T2R

	RX antenna correlation
	uncorrelated

	CP type
	normal CP

	signal bandwidth
	180 kHz

	number of UEs
	1

	number of PRB for PUCCH
	1
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	noise estimation
	ideal

	channel estimation
	practical

	RX false alarm detection threshold
	Set such that Prob(DTX → detection) = 10‒2

	general RX description
	Generic RX
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Figure 1: Simulation result: 5 MHz, ETU, 50 km/h, 1T2R
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Figure 2: Simulation Result: 5 MHz, ETU, 3 km/h, 1T2R
It must be noted that the impact of the changed detector affects all users in the network. If the network operator decides to maintain the same SNR level it means that the number of simultaneous users on PUCCH must be reduced. The exact impact of the needed increase in SNR is difficult to estimate, but it is clear that there is a capacity loss. 
The other possibility for the network operator is to maintain the same SNR target for PUCCH, but to accept a higher BLER level of CQI detection. The impact of the new detector must be carefully evaluated. For the Rel-8 detector an incorrectly received CQI block may cause the BS to select the wrong precoding matrix. There are other sources of errors as well, e.g. the UE may make estimation errors. The BS must account for all kinds of errors and thus the impact of an extra incorrect CQI block may not be large.
For a detector with DTX detection the analysis is a bit more complicated. When a BS detects the DTX it will likely use the previously used values, this is probably a lesser error to make than selecting a precoder completely at random. On the other hand there is also the possibility of detecting a DTX where a correct CQI block should have been detected. This will have a negative impact on performance.

Is should be remembered that the error probabilities are on the order of 1%, which means that 99% of the CQI blocks are correct. Thus, even if all the errors results in a complete loss of the data the throughput would be reduced by 1% only.
Advantages with introducing DTX detection

In previous contributions a number of use cases for DTX detection hav been discussed:

· “Detection of UE’s disconnection due to the out of service area” [2].

· Better detection of UE resource release due to TA timer expiry or dsr-TransMax [3]
· Detect mismatching of resource between eNB and UE in particular situation, e.g. mismatching of resource due to time lag on the RRC reconfiguration message [2].
· Detect the unexpected DTX of PUCCH format 2 due to unexpected simultaneous transmission of aperiodic CQI in particular situation, e.g.: when the false alarm of the UL grant is occurred at UE side [2].
· Reliability improvement of CQI values [2]

These points can roughly be grouped into two groups 1) reliability improvement of CQI values as discussed above and 2) better detection of error cases, i.e. exceptions from normal operating procedures.

The advantage with improved or faster detection of these error cases is that the BS can release resources quicker.

It should be noted that in many the above situations there are data transmissions where the HARQ feedback also can be used to detect that a UE is out of the service area. Obviously periodic CQI can be scheduled even if there is no data to transmit and in this situation DTX detection on CQI would improve the detection time. However setting up periodic CQI when there is no data to transmit would cause increased battery drain and increased use of radio resources.

Periodic reporting of CQI assumes a time aligned uplink which will require TA commands to be sent from the BS to the UE at least every TAT period and consequently the BS can expect periodic HARQ feedback for the TA commands. We note that the HARQ feedback can also be used for detecting that a UE is out of the service area. The default value for the TAT timer is 0.5 seconds and thus the improvement in resource release time is in the order of 0.5 seconds.
If the dsr-TransMax timer expires the UE will perform a random access. In this case detection of the UE state should be easy due to the UE transmissions on PRACH. It will take some time to identify the UE and during this time the BS keeps the UE resources. However dsr-TransMax timeout is unlikely and the improvement in resource release time typically less than 100 ms. Thus in practice the total reduction in BS resource usage is small.

Finally it should be noted that these are all exceptions or error cases that are not likely to occur. Thus the gain of introducing DTX detection will only be seen by a small UE population.

An interesting aspect which is not covered here is of course that for the error case that the UE actually transmitted a CQI block, but where the receiver detected a DTX the resources in the BS may erroneously be released and the UE may have to set up a new connection again.
Conclusion
When looking at a the specific feature of introducing DTX detection we can see that there is a trade off between reduced performance of the majority of users and increased performance of a few users. Currently there are only qualitative results showing the impact on one of the groups, the gain or loss for the system as a whole is lacking. In order to reach a final conclusion on if the feature is good or not we need this kind of results.

Even if there system results does show a net gain of the feature we must still prioritize the work in RAN4. This may not be the most urgent feature to work on.

Introducing DTX detection in RAN4 specifications will take time, new simulation assumptions will have to be agreed, simulators will have to be aligned (even if the changes compared to the Rel-8 simulators probably will not be overly large) and finally the requirement levels will have to be agreed.

We all know that the RAN4 workload is currently quite high and there are many tasks that have to be prioritized. Thus to help the RAN plenary to make this prioritization we need system level results that shows the likely impact of introducing DTX detection.
Finally a note on obtaining system level results: One method to obtain system level results is obviously through system simulations. Another possibility is to make live measurements of key parameters, e.g. BS resource utilization, dropped calls and throughput in a live network where there is a possibility to select a detector with and without DTX detection.
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Appendix Simulation assumptions
	Parameters
	Value

	carrier frequency
	2.0 GHz

	bandwidth,
channel model,

UE speed (km/hr)
	5 MHz, EVA, 3 km/hr

5 MHz, ETU, 50 km/hr

	frequency hopping
	at slot boundary

	antenna setup
	1T2R

	RX antenna correlation
	uncorrelated

	CP type
	normal CP

	signal bandwidth
	180 kHz

	number of UEs
	1

	number of PRB for PUCCH
	1
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	noise estimation
	Ideal

	channel estimation
	practical

	RX false alarm detection threshold
	Set such that Prob(DTX → detection) = 10‒2

	general RX description
	Generic RX


· Format 2 with 4 bits payloads

· DTX threshold is set such that Pr(DTX->detection)=0.01

· Noise variance estimation is perfect.

· The detector is a “Generic RX”:

· Simple channel estimation from received RS

· MRC received data signals

· Compute metric for each codeword (this in product is via fast Hadamard transform)

· Find the codeword with the highest metric

· Compare the maximum metric with the DTX threshold

· CQI miss probability is plotted which contains two types of errors. In both cases, the CQI report is missed.

· A valid CQI report format 2 signal is declared DTX.

· A CQI report format 2 signal is detected but the decoded CQI value is incorrect.
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