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1 Introduction

At RAN1 #62 bis power control for PUCCH format 3 was discussed and the following was agreed

At RAN1#63:

· Define 4 values for
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 for PUCCH format 3.

· Decide whether the parameter 
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 for PUCCH format 3 is based on 

· number of activated component carriers together with configured transmission modes on the associated component carriers

· number of configured CCs

· number of received PDCCHs

· Agree formula for 
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In this contribution we address the above remaining topics for power control for PUCCH format 3. 
2 Discussion

Power control for PUCCH is described in section 5.1.2.1 in ‎[1]. The power control for PUCCH contains a general part for all PUCCH formats and specific parameters that are based on the payload on PUCCH. The specific part is constructed by the two parameters 
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The parameter 
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 defines the relative performance difference between PUCCH 1a and the used PUCCH format. For PUCCH format 3 there will be a need define this relative offset. Similar to the other PUCCH formats the aim should be to define 3 to 4 different values that can cover potential different eNB receiver implementations. Evaluations results to find the applicable values for 
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 for PUCCH format 3 are available in section ‎3.
The parameter 
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 adapts the power to the number of bits that are transmitted. For PUCCH 1a/1b this is 0 dB since these formats only support one payload size for the format. PUCCH format 3 is however similar to PUCCH format 2 in that it supports different payload sizes. The power control should therefore adapt based on the number of ACK/NACK bits that are transmitted with PUCCH format 3. The power control would be possible to adapt to

· The number of ACK/NACK bits that corresponds to the number of configured component carriers and configured transmission modes

· The number of ACK/NACK bits that corresponds to the number of activated component carriers and configured transmission modes

· The number of ACK/NACK bits that corresponds to the number of transmitted ACK/NACK bits by the UE.

At a first glance it may seem beneficial that the UE would set it power based on the number of actual transmitted ACK/NACK bits, because then the UE would adapt its power to the actual number of feedback bits. 
In case the UE would miss one ore several DL assignments from the eNB, the UE would set these corresponding ACK/NACK bits to NACK, because it has been agreed for PUCCH format 3: Codebook selection based on configured CCs and configured transmission modes for each CC.
The fact that the UE has missed the downlink assignments is not known to the eNB and consequently the eNB has to use a hypothesis when decoding that the UE has actually received the missed DL assignments. If the UE would in such a case transmit with lower power it would be very difficult for the eNB to correctly decode the ACK/NACK feedback. When discussing this subject we should also keep in mind that the ACK/NACK feedback for carrier aggregation should be designed for a low number of simultaneously scheduled UEs. 

Do not optimize the A/N feedback for multiple DL CC assuming large number of UEs being simultaneously scheduled on multiple DL CC

In other words this means that it is very seldom that a UE is not scheduled on all resources that it can receive. I.e. if the UE is activated on multiple component carriers and it is scheduled it is then in most times scheduled on all it’s activated component carriers. To avoid that the UE transmits with too low power it is therefore beneficial that the UE would set the power on PUCCH format 3 based on the number of activated component carriers. 

The reason why the code-book size for PUCCH format 3 is based on the number of configured CCs and not the number of activated component carrier was the potential error cases that could occur if the eNB and UE have different understanding about the number of activated component carriers. There are mainly two aspects here, NACK->ACK or ACK->NACK error in the MAC (de-)activation message in case a component carrier is activated or deactivated, and the case with autonomous deactivation of component carriers. Autonomous deactivation was introduced in case the eNB “forgets” to deactivate component carriers; this could therefore be avoided by the eNB implementation. The NACK->ACK or ACK->NACK errors will however occur in some situations; but the impact of this would be small if it only affects the power control compared to the coding part, because for the power control the eNB could compensate by transmitting some additional TPC commands. Further if the power control is based on the number of activated component carriers together with the configured transmission modes on these component carriers, the transmitted power of the UE will in most cases correspond to the number of scheduled component carriers.

Proposal:

· The parameter 
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 for PUCCH format 3 is based on the number of activated component carriers together with configured transmission modes on the associated component carriers.

2.1 Evaluation results

The values for 
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 should give sufficient implementation marginal and should cover different receiver implementations. It is also important that the values cover different operation scenarios the eNB may be deployed in, i.e. if the environment around the eNB will create a very dispersive channel.
2.1.1 Conventional receiver
In Figure 1, we examine the operating SNRs for PUCCH format 3 under different channel model assumptions ‎[2]

 REF _Ref276385924 \r \h 
‎[3]. We observe that the shortened format causes small SNR offsets. With average offset sizes less than 0.3 dB, an additional PUCCH power control term accounting for SRS subframes explicitly ‎[7] is not warranted.
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Figure 1 Operating SNR for Format 3 with conventional receiver ‎[2]

 REF _Ref276385924 \r \h 
‎[3]. Receiver DTX detection is based on 
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Figure 2 Operating SNR increments and power control functions. Receiver DTX detection is based on 
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 REF _Ref276385924 \r \h 
‎[3].
To be able to determine 
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 and the correct function of 
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 we make the assumption that the eNB can correctly control the power of PUCCH format 1a. With that assumption what is then needed is to fit a curve that matches the slope of all the different scenarios in Figure 1. Determining 
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 is done in the same process by calculating the difference between PUCCH format 1a and the corresponding PUCCH format 3 curves for each channel type and velocity. 

To construct Figure 2 each set of colored curves including the PUCCH format 1a results have been arbitrary moved per color so that they lay on top of each other to be able find the slope of the curves that fit together, i.e. to determine 
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. Based on the 
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 function it is then also possible to determine the corresponding 
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 for each scenario. 
In Figure 2, the A/N bit range is expanded to cover the previously provided simulation results for Format 3 PUCCH under different channel model assumptions ‎[2]

 REF _Ref276385924 \r \h 
‎[3]. We observe the following formula fits the SNR increments very well:
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Furthermore, we conclude two of the values for 
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 should be 0 and 1 dB. To give some extra implementation margin it would further be good to expand the range to also cover 2 dB. The fourth value could for now be left as spare and be utilized in case evaluation results indicate that there is need to expand the value range of 
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As also shown in the plot, the log-based 
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 formula ‎[7] does not appear to fit the data.

Proposal:

· The parameter 
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 for PUCCH format 3 consist of the values {0 dB, 1dB, 2dB, spare}
· For PUCCH format 3 
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2.1.2 Further verification for different receiver algorithms

In Figure 3, we consider performance results based on alternative receiver algorithms from ‎[4]

 REF _Ref276386403 \r \h 
‎[5]. We find the proposed linear 
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 function fits the data very well. 
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Figure 3 Operating SNR increments and power control functions for advanced receiver algorithms ‎[4]

 REF _Ref276386403 \r \h 
‎[5]. Receiver DTX detection is based on 
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3 Conclusion
In this contribution we discuss power control for PUCCH format 3, based on the discussion we propose

· The parameter 
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 for PUCCH format 3 is based on the number of activated component carriers together with the configured transmission modes on the associated component carriers.

· The parameter 
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 for PUCCH format 3 consist of the values {0 dB, 1dB, 2dB, spare}
· For PUCCH format 3 
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