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[bookmark: _Ref45896452]Introduction
[bookmark: _Hlk525462591]As per RAN1 meeting #105-e, NACK-only feedback on group-common PUCCH resources is agreed to be supported in release 17 MBS. Transmit power control for NACK-only feedback has been identified as an issue that needs further study due to the expected superposition of signals arriving at the gNB from different UEs, cf. [1][2].
In [3], we are proposing a closed-loop power control mechanism for transmission of NACKs on group-common PUCCH resources, in particular one that runs inside the UE based on measurements of the rate at which the gNB responds with retransmissions to a UE’s NACKs. In this document, we present some simulation results illustrating the great potential of applying closed-loop power control instead of plain open-loop pathloss-compensating power control.

[bookmark: _Hlk68180689][bookmark: _Hlk4137067][bookmark: _Hlk520894743][bookmark: _Hlk7596973]NACK-only Power Control – Simulation Results
In [3] we are proposing a closed-loop power control mechanism for transmission of NACKs on group-common PUCCH resources. In short, UEs keep track of the rates at which NACKs that they are sending to the gNB are missed by the latter, i.e., not responded to with a retransmission. The UEs then continuously adapt their transmit power so as to have this NACK-miss rate close to, but not exceed a certain targeted reliability. For more details and flow charts see [3]. 
In this section, we present some system-level simulation results to corroborate our intuition and support our proposals for NACK-only power control made in [3]. The main simulation parameters are collected in Table 1.
[bookmark: _Ref77252342]Table 1 Main simulation parameters.
	Parameter
	Setting

	Scenario
	TR 38.901 UMa
· 3 cells per site
· 21 cells with wraparound

	Avg. number of UEs per cell
	20

	NACK-only PUCCH
	· Format 1
· 14 symbols
· 12 subcarriers

	Reliability target (TB loss rate and NACK-miss rate)
	0.01

	NACK-only power control
	· max. 23dBm
· step-size in case of missed NACK: 2dB

	PDSCH
	· MCS adapted for BLER<=reliability target for all UEs
· Fixed rank 1
· PMI cycling from slot to slot
· 2 PRBs per slot

	gNB antenna configuration
	(M,N,P,Mg,Ng,Mp,Np)=(8,1,2,1,1,1,1) 

	UE
	(M,N,P,Mg,Ng,Mp,Np)=(1,1,2,1,1,1,1)

	Duplexing
	FDD

	Max. number of HARQ Txs per TB
	8



Figure 1 shows traces of a couple of UEs transmitting NACKs on group-common PUCCH with OLLA-like power control running such that the NACK-miss rate does not exceed the targeted 1%. Each coloured dot indicates that the UE transmitted a NACK at the power as shown on the vertical axis, while the colour reflects the HARQ transmission index (HTID), i.e., whether the NACK was sent in response to a first transmission, a first HARQ retransmission, a second HARQ retransmission etc. We can observe that while the powers that UEs use to transmit their NACKs vary over time due to the OLLA-like power adaptation, i.e., increment power for every missed NACK and decrement power for every honoured NACK, they are overall stable. We also see that the powers used for NACKs corresponding to different HTIDs can be vastly different; between first and last NACK sent by the same UE for a given TB, there can easily be 10dB difference in this configuration. Additionally, for the first sample UE (UE 23) we observe the expected behaviour that transmit power mostly increases with the HTID. However, for the second sample UE (UE 27) that is served by the same gNB, we observe that the Tx power behaves quite differently, i.e., e.g., for HTIDs>3 the Tx power required to achieve the desired reliability is lower than for HTID=3. This shows that it is beneficial to control the Tx power for NACK-only feedback on group-common PUCCHs per UE, either by means of UE-specific configuration of power offsets for different HTIDs or by a HTID-specific autonomous power control running in the UE. [bookmark: _Ref77236166]Figure 2 Distribution of Tx power received SNR for NACK-only transmission on group-common PUCCH resources.
[bookmark: _Ref77235367]Figure 1 A couple of sample Tx power traces for NACK-only transmissions on group-common PUCCH resources.

Figure 2 shows—for on average 20 UEs per cell—on the left the distribution of NACK Tx powers used by all UEs and for all HTIDs and on the right the distribution of the received SNR based on which NACK-detection is performed. The vertical green dashed line indicates the detection threshold illustrating how the power control ensures the NACK-miss rate target of 1%. As reference, we included the results for a system that relies on open-loop power control with full pathloss compensation and manually tweaked P0. 

We observe that the probability of SNRs, i.e., of powers received by the gNB for NACKs, being much higher than necessary is considerably reduced. At the same time, the power that UEs spend on transmitting their NACKs is generally reduced by several decibels. 

We further observe that overall the power control scheme can adapt well to the UEs’ current environment and provide the targeted reliability of NACK-only HARQ feedback. But it is also obvious that the details of the behaviour very much depend on the scenario, e.g., density of UEs, the UEs own and other UEs’ DL and UL reception conditions, such that a flexible mechanism, as the one proposed here needs to be implemented to well adapt to any particular situation. However, it should also be pointed out that the manual tweaking of the fixed P0 also leads to different values of P0 depending on the UE density (not shown here), highlighting that some sort of adaptive power control is needed here.

It should also be noted that there are more degrees of freedom to optimize. E.g., there might be situations, where the PUCCH resource configuration provides a robustness that is insufficient for certain UEs to achieve the desired reliability. This is, why we believe the above power control should be complemented by a mechanism by means of which UEs can report to the gNB about insufficient reliability.

Observation 1: Low-complexity UE-autonomous power control for NACK-only HARQ FB on group-common PUCCH resources can be efficient to offer targeted reliability of NACK-only HARQ FB detection while minimizing the transmit power spent by the UEs on doing so.
Observation 2: The optimal settings for transmit power control for NACK-only HARQ FB on group-common PUCCH resources depends on the density and distribution of the UEs in the cell. 
Observation 3: Limited feedback from UEs to gNBs regarding reliability of NACK-only HARQ FB experienced by UEs would be beneficial to fine-tune the boundary conditions for NACK-only HARQ FB and UE-autonomous power control.
We would like to point out that we expect that similar benefits could also be obtained using a power control mechanism, in which UEs report information about NACK detection reliability to the gNB and the gNB adjusts the UEs’ transmit power directly based on this feedback.
Observation 4: We expect that a gNB-side transmit power control for NACK-only HARQ FB signalling on group-common PUCCH resources based on feedback from the UEs about NACK-detection reliability can—at the expense of signalling overhead—offer similar benefits as UE-side transmit power control.
Conclusions
In this contribution, we have presented some simulation-based analysis of NACK-only HARQ FB for MBS and in particular transmit power control for this feedback signaling. From this we have the following observations:
Observation 1: Low-complexity UE-autonomous power control for NACK-only HARQ FB on group-common PUCCH resources can be efficient to offer targeted reliability of NACK-only HARQ FB detection while minimizing the transmit power spent by the UEs on doing so.
Observation 2: The optimal settings for transmit power control for NACK-only HARQ FB on group-common PUCCH resources depends on the density and distribution of the UEs in the cell. 
Observation 3: Limited feedback from UEs to gNBs regarding reliability of NACK-only HARQ FB experienced by UEs would be beneficial to fine-tune the boundary conditions for NACK-only HARQ FB and UE-autonomous power control.
Observation 4: We expect that a gNB-side transmit power control for NACK-only HARQ FB signaling on group-common PUCCH resources based on feedback from the UEs about NACK-detection reliability can—at the expense of signaling overhead—offer similar benefits as UE-side transmit power control.
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