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1. Introduction
In previous RAN4 meeting, RAN4 discussed about new feature, PUCCH format 2 DTX detection function of eNB and sent LS to RAN2 [1]. This function will discard a PUCCH format2 if it doesn’t have enough reliability. By this new feature, NW can take some benefits such as improvement of reliability of PUCCH format 2. However, RAN4 has no performance requirement for PUCCH format 2 reception considering DTX detection function, although there is one without it. When RAN4 tries to specify the performance requirement for it via simulations, the false alarm rate of DTX detection function should be identified. In the LS from RAN4, it is asked to confirm whether “1%” and “10%” false alarm is a suitable target value for DTX detection function considering the following procedure:
· To assume the false Alarm as “1%” for PUCCH format 2 similar to PUCCH format 1 and 3 at first.
· If the BLER including missed detection obtained from the simulation is similar to that of Rel-8, i.e. the requirement without DTX detection, RAN4 will specify the similar SNR requirement as the Rel-8.
· If not, RAN4 will assume higher False Alarm than “1%” up to “10%” so that the BLER including missed detection is quite small and the similar SNR requirement as Rel-8 could be specified.
· If more than "10%" False Alarm seems to be needed for the similar SNR requirement as Rel-8, RAN4 will discuss additional procedure and ask RAN2 again.
In this contribution, we address whether 1% and 10% false alarm is a suitable target value for PUCCH format 2 DTX detection function.
2. Discussion
2.1 PUCCH format 2 DTX detection function
In this subsection, we would like to briefly review the overview of PUCCH format 2 DTX detection function. This function discards unreliable PUCCH format 2 signals using a received power level threshold. The benefits to support this function as indicated in the RAN4 LS are as follows:
· Accuracy and latency improvement on detection of UE’s disconnection due to the out of service area. Note that the required SNR for PUCCH format 2 is lower than other periodical signals, e.g. SRS, and is a good candidate for such detection.

· Reliability improvement of received CQI values. eNB can discard unreliable CQI values and improve scheduling performance

Note that although PUCCH format 2 is a periodic signal in which the eNB knows in general when the UE will transmit this signal, the notion of false alarms for PUCCH format 2 will apply in the following scenarios:

· At the timing of PUCCH format 2 resource allocation via RRC connection reconfiguration (i.e. the eNB does not exactly know when the UE receives the RRC connection reconfiguration message on DL-SCH and the delay within the UE for processing the RRC message and starting PUCCH format 2 transmission).

· When the UE autonomously stops PUCCH format 2 transmission (e.g. due to RLF detection, HO command, maximum dedicated SR retransmission failure, eNB unexpected TA timer expiry, eNB unexpected DRX transition)

· When the PUCCH format 2 signal quality is very poor (e.g. the signal quality is comparable to noise level in which case the eNB will most likely erroneously decode the CSI value)

So, the threshold of DTX detection should be set to a value that:
· 1) Pure noise would not be falsely detected as a transmitted PUCCH format 2 signal (i.e. prevent false alarm), and
· 2) PUCCH format 2 signal with very low reception level (which would likely result in CSI “block error”) will not be considered as a reliable feedback (i.e. prevent “false alarm” in the sense that a transmitted but very poor reception level signal will not be used)
On the other hand, the DTX detection threshold should not be set to a value more than required so as not to:
 3) Require more PUCCH format 2 transmission power to correctly reflect CSI (i.e. the DTX detection function should not discard CSI when it can be correctly decoded)
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Fig.1 False alarm of DTX detection function
2.2 Is 1% and 10% PUCCH format 2 false alarm a suitable target?

In this subsection, we discuss whether or not 1% and 10% false alarm would be a suitable target value for PUCCH format 2 DTX detection function.

Note that the RAN4 procedure described in their LS [1] is as follows:

· 1) First they will assume 1% false alarm. Unless this incurs a relatively strict condition for the PUCCH format 2 BLER requirement compared to Rel-8, they will use the 1% false alarm rate.

· 2) If the 1% false alarm rate incurs a relatively strict condition for the BLER requirement, they will then assume 10% false alarm. And they will check again whether or not this (10% false alarm) incurs a relatively strict condition for the BLER requirement compared to Rel-8. If not (the 10% false alarm rate is OK), they will use the 10% false alarm rate.

· 3) If even with a 10% false alarm rate, the BLER requirement becomes relatively strict compared to Rel-8, then RAN4 will once again consult RAN2 (e.g. on whether a higher false alarm rate is acceptable)
I.e. RAN4 will take responsibility in not negatively impacting the PUCCH format 2 BLER requirement by introducing the DTX detection requirement for PUCCH format 2. Therefore, RAN2 only needs to check whether the 1% and 10% false alarm requirements are not too relaxed considering the purpose of PUCCH format 2 DTX detection.

Observation 1: RAN2 only needs to check whether the 1% and 10% false alarm requirements are not too relaxed considering the purpose of PUCCH format 2 DTX detection.

Below, we indicate our views on the 1% and 10% false alarm from the DTX detection requirement perspective.
· Does a 1% false alarm meet the PUCCH format 2 DTX detection requirement?

We believe that a 1% false alarm would be enough to meet the DTX detection requirement. I.e., there is no need for a lower false alarm requirement. It is noted that a 1% false alarm requirement is also specified for PUCCH formats 1 and 3.
· Does a 10% false alarm meet the PUCCH format 2 DTX detection requirement?


Although a 1% false alarm would be more desirable (purely from the PUCCH format 2 DTX detection point of view), we also believe that a 10% false alarm rate would be acceptable if RAN4 considers that with a 1% false alarm requirement, the condition for PUCCH format 2 BLER requirement becomes too strict. The reason we think that a 10% false alarm requirement would also be acceptable are as follows:

From the perspective of detecting UE’s disconnection (or autonomous stopping of PUCCH format 2 transmission), we believe that the eNB should anyways base such detection from a number of PUCCH format 2 occurrences. I.e. a time averaged value should be used. For example, if the eNB tries to detect UE disconnection by just one CSI signal, it may falsely detect UE disconnection due to a fading dip. Considering doppler frequency of e.g. 5Hz, a fading cycle will elapse in 200ms. In that sense, we believe that a sensible eNB implementation will at least try to detect UE disconnection using a window of 100~200ms. Assuming a 20ms PUCCH format 2 periodicity, this will translate into a window of 5~10 PUCCH format 2 occurrences. In this sense, a 10% false alarm requirement should be acceptable.

From the perspective of reliability of received CQI values, there are two aspects. The first aspect would be the case when the UE is not transmitting PUCCH format 2. As this should be fairly corner cases (e.g. at the time of PUCCH format 2 resource (re-)configuration, dedicated SR failure, eNB unexpected TA timer expiry / DRX transition), we believe a 10% false alarm would be acceptable. The second aspect would be the case when the UE does actually transmit PUCCH format 2, but the received signal quality at the eNB is very poor. With sensible link budget design / UL power control operation, such cases should also be kept rare since if the eNB cannot receive PUCCH format 2 reliably, then the situation will be worse for PUCCH formats 1/3 (PUCCH format for HARQ-Ack (and/or SR)), and the DL HARQ operation will not be operating at a desired operating point.
From the above, we believe that a 1% false alarm requirement would be fine (and preferred) for the PUCCH format 2 DTX detection function, and that a 10% false alarm would also be acceptable in case RAN4 considers that a 1% false alarm requirement would have too much impact on the PUCCH format 2 BLER requirement.

Observation 2: 1% false alarm requirement would be fine (and preferred), and 10% false alarm requirement would also be acceptable for the PUCCH format2 DTX detection function.
Therefore, we would like to propose following:

Proposal: RAN2 sends LS response to RAN4 indicating that 1% false alarm would be fine, and if needed that a 10% false alarm would also be acceptable for the PUCCH format2 DTX detection function.
3. Conclusion
In this contribution, we addressed the required false alarm probability for the PUCCH format 2 DTX detection function in response to the RAN4 LS in [1], and the followings are observed / proposed:
Observation 1: RAN2 only needs to check whether the 1% and 10% false alarm requirements are not too relaxed considering the purpose of PUCCH format 2 DTX detection.

Observation 2: 1% false alarm requirement would be fine (and preferred), and 10% false alarm requirement would also be acceptable for the PUCCH format2 DTX detection function.
Proposal: RAN2 sends LS response to RAN4 indicating that 1% false alarm would be fine, and if needed that a 10% false alarm would also be acceptable for the PUCCH format 2 DTX detection function. 
Annex

In this subsection, we provide our simulations on how the DTX detection function for PUCCH format 2 with a 1% and 10% false alarm requirement would affect the PUCCH format 2 BLER requirement, relative to Rel-8 (where the DTX detection function is not specified). We analyzed the performance with the following parameters:
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Table A1: Simulation parameters

Fig.A1 shows the false alarm characteristic of DTX detection function (i.e. how much noise could be miss-detected as PUCCH format2 by the function) with different DTX detection thresholds
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Fig.A1: False alarm characteristic of DRX detection function

It can be observed from Fig.A1 that when the threshold is set to -12dB, -13dB, -14dB, -15dB, the achieved false alarm rate is about 0.01%, 0.1%, 1% and 10%, respectively.
Fig.A2 shows the PUCCH format 2 BLER characteristics (i.e. the probability where the eNB decodes the CSI value wrongly, including the case where the eNB detects the PUCCH format 2 signal to be below the DTX detection threshold) with different DTX thresholds (no DTX threshold, -12dB, -13dB and -14dB DTX threshold). From Fig.A2, compared with the case of no DTX detection requirement, it can be observed that with a 1% false alarm requirement (DTX threshold = -14dB), the required signal power to meet 1% BLER increases by about 1.2 dB. With a 10% false alarm requirement (DTX threshold = -15dB), the increase in the required signal power would be less.
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Fig.A2 PUCCH format 2 BLER characteristic with DTX detection function (Left: EVA50, Right: ETU70)
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