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Introduction
[bookmark: _Hlk115171677]In RAN4#104e almost all open issues for sub-slot based PUCCH repetition performance requirements were agreed. There is only one discussion that is still FFS, as captured in the summary [1] and WF [2]:
	KPIs (Issue 1-2-2)
· Use Prob(DTX to ACK)<1%.
· FFS: Prob(ACK miss)<1%.
· FFS: Prob(PUCCH NACK to ACK bits) < 0.1%.



In this contribution we will give our propoasal concerning the remaining KPIs.

Remaining KPIs
In RAN4#104e it was agreed that “Prob(DTX to ACK)<1%” is used as a KPI for the performance reuqiremens of PF0.
Since the other parameters of the requirements were only aligned in the last meeting, it was not possible to decided on other KPIs. As a quick summary, the following three KPIs are commonly used in RAN4:
	(a) Prob(DTX to ACK) < 1%. 
(b) SNR @ Prob(ACK miss, when ACK was sent) < 1%.
(c) SNR @ Prob(PUCCH NACK to ACK bits, when NACK was sent) < 0.1%.



We will now quickly review the usual definitions of “Prob(ACK miss)” and “Prob(PUCCH NACK to ACK bits)”, as currently captured repeatedly in TS 38.104:
	“The ACK missed detection probability is the probability of not detecting an ACK when an ACK was sent.”

“The NACK to ACK detection probability is the probability that an ACK bit is falsely detected when an NACK bit was sent on the particular bit position,”

[“The DTX to ACK probability, i.e. the probability that ACK is detected when nothing was sent”]



We note that both definitions require for an ACK or NACK to have been sent, before an error event is possible. Hence, those KPIs are independent of error events in DTX periods.
Furthermore, in our agreed 1bit ACK/NACK payload the only difference between NACK and ACK is the cyclic shift of the low PAPR sequence allocated on all 12 tones of the chosen PRB (m_CS=0 for NACK, m_CS=6 for ACK).
Hence, at the same SNR, the probability of the first cyclic shift moving in the detection window of the second cyclic shift is symmetrical in our configuration, i.e., prob(ACK to NACK|ACK sent) = prob(NACK to ACK|NACK sent).
However, the KPI of ACK MD has a secondary error event. An error is created both if (a) an ACK was sent and a NACK was wrongly detected, or (b) an ACK was sent and DTX was wrongly detected.
The KPI of NACK to ACK does not count the failure of detecting a NACK bit as an error event, only #(NACK bits decoded as ACK bits), as per below formula. It has also been clarified to explictely exclude any wrongly detected NACK bits, during the DTX period in the total NACK bit count:
	[image: ]



As such the “Prob(ACK miss)” and “Prob(PUCCH NACK to ACK bits)” KPIs are not symmetric, or the same, for 1 bit payloads.
The “Prob(ACK miss)” and “Prob(PUCCH NACK to ACK bits)” KPIs are not symmetric, or the same, for 1 bit payloads.

This requires us rely on simulations to find out which secondary KPI is the bottleneck of the performance requirments
The decision of which KPIs are needed for PF0 on top of Prob(DTX to ACK)<1%, is subject to bottleneck considerations with respect to the remaining candidates. I.e., the choice of “Prob(ACK miss)<1%” and/or “Prob(PUCCH NACK to ACK bits) < 0.1%” requires simulations.
Note: Especially if the ACK detect threshold is set high to meet the FA/DTX2ACK requirement, then the ACK MD and NACK2ACK can be quite different.

Hereunder we copy paste the “Prob(ACK miss)” and ”Prob(PUCCH NACK to ACK bits)” curves from our compagnion simulation paper for reference (all configurations as agreed in last meeting):
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Figure 1: NACK-ACK probability and miss-Ack probability

We see from the results that adhering to ACK MD requirements, also implies adherence to the same NACK2ACK requirements for all SNR. As ACK MD is thus the bottleneck of the performance, we propose to only cover ACK MD in the performance requirements, even though we understand that the proposed targets of 1% and 0.1% respectively, result in differing SNR points.
[bookmark: _Ref115171133]RAN4 to only use Prob(ACK miss)<1%, in addition to Prob(DTX to ACK)<1%, when defining performance requirements for sub-slot based PUCCH format 0 repetition.

Conclusion
In this contribution we have discssed the last remaining issue of KPI selction for sub-slot based PUCCH repetition performance requirements. We have made the following observations and propoals:

1. The “Prob(ACK miss)” and “Prob(PUCCH NACK to ACK bits)” KPIs are not symmetric, or the same, for 1 bit payloads.
The decision of which KPIs are needed for PF0 on top of Prob(DTX to ACK)<1%, is subject to bottleneck considerations with respect to the remaining candidates. I.e., the choice of “Prob(ACK miss)<1%” and/or “Prob(PUCCH NACK to ACK bits) < 0.1%” requires simulations.
RAN4 to only use Prob(ACK miss)<1%, in addition to Prob(DTX to ACK)<1%, when defining performance requirements for sub-slot based PUCCH format 0 repetition.
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8.3.7.21 NACK to ACK requirements

8.3.7.2.1.1 General

The NACK to ACK detection probability is the probability that an ACK bit s falsely detected when an NACK bit was
sent on the particular bit position, where the NACK to ACK detection probability is defined as follows:

#(NACK bits decoded as ACK bits)

Prob(PUCCH NACK — ACK bits) = :
#(Total NACK bits)

where:

#(TOtaI NACK BIfS) o otes the total number of NACK bits transmitied
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#(NACK bits decodedas ACK bits) g1 tes the number of NACK bis decoded as ACK bits af the receiver, i.c.
the number of received ACK bits

- NACK bits in the definition do not contain the NACK bits which are mapped from DTX. i.e. NACK bits
received when DTX is sent should not be considered.

Random codeword selection is assumed.
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