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1 Introduction

Power control for the new PUCCH format was discussed in RAN1#82bis. Although the PUCCH format with the PUSCH structure was considered (no UE multiplexing), similar arguments can apply for the PUSCH-based PUCCH format that multiplexes HARQ-ACK transmission from 2 UEs. The main issue is whether to base power control on the Rel-12 power control for UCI-only PUSCH or to define 
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 function similar to PUCCH Format 3.
This contribution considers the power control for PUCCH Format 4 and PUCCH Format 5. 

2 Power Control Considerations
A PUCCH Format 4 or Format 5 transmission power based on the formula for PUCCH Format 3 and the agreement to include 
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   (1).
A PUCCH Format 4 or Format 5 transmission power based on the UCI-only PUSCH formula [1] can be determined as 

[image: image4.wmf]ï

þ

ï

ý

ü

ï

î

ï

í

ì

+

D

+

+

+

=

)

(

)

(

))

(

(

log

10

),

(

min

)

(

c

TF,

c

O_PUCCH,

c

PUCCH,

10

,

CMAX

c

PUCCH,

i

f

i

PL

P

i

M

i

P

i

P

c

c

c

   (2).
From (1) and (2), it can be immediately observed that the choice between a “PUCCH-based” and a “PUSCH-based” power control (PC) formula reduces to a choice between using the sum of 
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 versus using 
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. From [1] and for a given UCI payload 
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 is the number of available REs in subframe 
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. Another observation is that if (1) is used and for a given UCI payload, 
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 does not depend on the subframe 
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 does as it accounts for the number of available REs in subframe 
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 and it is unclear if the intention is to define different 
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 between normal CP and extended CP.  
The motivation for use of 
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 dates back to Rel-8 and it is based on the fact that UL BLER for payloads that are not very small can be closely approximated (e.g. [2]) by the modified Shannon formula for the bits per RE (BPRE) as 
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Then, the SINR required for a certain BPRE is 
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 can be removed and absorbed into 
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. Therefore, using 
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 is optimal in terms of matching spectral efficiency to the Shannon formula while accounting for receiver imperfections through the setting of 
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 can directly account for variations in the code rate. The value of 
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 accounts for practical receiver imperfections and has been evaluated/confirmed by RAN4.
Figure 1 presents the required SINR for 1% BLER as a function of the UCI payload (EPA3 and 1x2 Tx/Rx). The SINR from using 
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 is accounted for by an additional 5 dB offset (can be absorbed in 
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). Excellent match is observed both with and without SRS multiplexing.  
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Figure 1: SINR for 1% BLER as a function of UCI payload without and with SRS multiplexing.

Figure 2 compares 
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 [3] based PC for PUCCH Format 4 over 1 PRB (EPA3, 1x2 Tx/Rx) without and with SRS multiplexing.
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Figure 2: SINR for 1% BLER for 
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The following can be observed:
a) For practically all UCI payloads, using 
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is accurate within a small fraction of 1 dB.

a. If UCI payloads are within 100 bits, accuracy can further improve by a slightly different setting of 
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b) 
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 can directly account for different code rates thereby allowing for an excellent match to the required SINR for all ranges of the code rate. 
a. Unlike Rel-12 PUCCH formats, the number of PRBs for PUCCH Format 4 can be variable. Corresponding variation in code rate cannot be expected to be generally captured by a single 
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 ad-hoc function. 

b. Unlike Rel-12 PUCCH UL PC that had to be introduced due to the very small UCI codeword payloads, 
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 is more appropriate for the eCA UCI codeword payloads. 

c) 
[image: image44.wmf])

(

,

i

c

TF

D

 can directly match to code rate variations due to SRS multiplexing where an additional ~0.35/0.7 dB is required for relatively small/high code rates. This additional SINR cannot be captured by a single 
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 ad-hoc function. The same holds for use of normal CP or extended CP.
d) 
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 is applicable to both PUCCH Format 4 and PUCCH Format 5 by adjusting for the 50% fewer available REs for mapping UCI bits in case of PUCCH Format 5. Nothing more is needed.
e) 
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 is optimal with respect to the Shannon capacity formula and avoids new specifications, new UE/eNB implementations, and new associated testing.
Observation 1: 
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provides excellent match to required SINR for various UCI payloads, with/our SRS multiplexing, and for both normal/extended CP and is applicable to both PUCCH Format 4 and PUCCH Format 5.

Observation 2: Using 
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is preferable over any ad-hoc formula that cannot adapt to non-linear BLER variations due to code rate variations as a function of the UCI payload, the number of PRBs, SRS multiplexing, and normal CP vs. extended CP. New specifications are unnecessary and disadvantageous.
Based on the previous results and analysis, the following is proposed.

Proposal 1: The Rel-12 UL PC for UCI-only PUSCH is reused for PUCCH Format 4 and for PUCCH Format 5. New specifications are not introduced.
To allow a network flexibility in compensating potentially different interference experienced by PUCCH and PUSCH transmissions, the value of 
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 should be configured for PUCCH Format 4 or PUCCH Format 5. Further, regardless of the UL PC formula, a network should be capable to set different BLER targets for P-CSI and HARQ-ACK (this is controlled by configuring different 
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 for the Rel-12 PUCCH formats). Therefore 
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 should be separately configured for HARQ-ACK transmission and for P-CSI transmission.

Proposal 2: A 
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 value is configured for HARQ-ACK transmission and a 
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 value is configured for P-CSI transmission.

In Rel-10 CA, the TPC command is provided by the DL DCI format for the PCell in FDD with the further restriction for DAI=1 in TDD. In eCA, scheduling on the PCell will often be infrequent for example due to the existence of several small cells (e.g. 10 small cells) or for Scenario 4 and closed-loop UL PC can then become ineffective. Conversely, when PUCCH Format 4 or PUCCH Format 5 is used, the UE will be scheduled on multiple cells and ARI detection for determining a PUCCH resource can practically be guaranteed. Therefore, using the TPC field in a few DL DCI formats for SCells to actually provide TPC commands should be considered.    
Proposal 3: TPC field in some DL DCI formats for SCells provides TPC command.

3 PHR for PUCCH
Due to the large HARQ-ACK and/or P-CSI payloads a UE can have to transmit in a subframe and due to the typically low target BLER of ~1%, the UE can be power limited. In order for the eNB to determine whether or not the UE is power-limited and the power the UE has available to transmit PUCCH, the eNB should be provided with a PHR for PUCCH. For example, the eNB can use the PUCCH PHR to determine whether or not to configure spatial domain HARQ-ACK bundling, if supported, or to configure a proper number of P-CSI reports, etc.
  

In Rel-12, if a UE is configured for simultaneous PUCCH and PUSCH transmissions, the UE reports type 1 PHR and type 2 PHR together; otherwise, the UE reports only type 1 PHR. The power headroom for type 1 PH report is computed as [1]:  
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The power headroom for a type 2 PH report is computed as [1]: 


[image: image56.wmf](

)

(

)

(

)

(

)

(

)

÷

÷

ø

ö

ç

ç

è

æ

+

-

=

+

D

+

D

+

+

+

+

D

+

×

+

+

10

)

'

(

,

,

10

)

(

)

(

)

(

)

(

))

(

(

log

10

10

,

CMAX

type2

F_PUCCH

0_PUCCH

c

TF,

c

O_PUSCH,

c

PUSCH,

10

10

10

log

10

)

(

)

(

i

g

F

F

n

n

n

h

PL

P

i

f

i

PL

j

j

P

i

M

c

TxD

SR

HARQ

CQI

c

c

c

c

i

P

i

PH

a

(dB)

When the eNB has available both type 1 PHR and type 2 PHR, the eNB can derive the power as:
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Therefore, if the UE is configured for simultaneous PUCCH and PUSCH transmissions, the eNB can derive the PH for the PUCCH. In RAN2#91bis it was agreed that both PH types are reported for PCell and PScell when two PUCCH CGs are configured, even when the UE is not configured for simultaneous PUCCH and PUSCH transmissions. To allow the calculation of PHR for PUCCH in all cases, the UE should report both PHR types regardless of configuration for simultaneous PUCCH and PUSCH transmissions or for a Scell PUCCH CG.
Proposal 4: The UE reports both type1 PHR and type2 PHR regardless of whether or not the UE is configured for simultaneous PUCCH and PUSCH transmissions or with SCell PUCCH CG.

4 Conclusions

This contribution considered UL PC for PUCCH Format 4 and PUCCH Format 5. In particular, the following are observed.

Observation 1: 
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provides excellent match to required SINR for various UCI payloads, with/our SRS multiplexing, and for both normal/extended CP and is applicable to both PUCCH Format 4 and PUCCH Format 5.

Observation 2: Using 
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is preferable over any ad-hoc formula that cannot adapt to non-linear BLER variations due to code rate variations as a function of the UCI payload, the number of PRBs, SRS multiplexing, and normal CP vs. extended CP. New specifications are unnecessary and disadvantageous.
Based on the above observations and the analysis/results, this contribution proposes the following.

Proposal 1: The Rel-12 UL PC for UCI-only PUSCH is reused for PUCCH Format 4 and for PUCCH Format 5. New specifications are not introduced.

Proposal 2: A 
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 value is configured for HARQ-ACK transmission and a 
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 value is configured for P-CSI transmission.

Proposal 3: TPC field in some DL DCI formats for SCells provides TPC command.

Proposal 4: The UE reports both type1 PHR and type2 PHR regardless of whether or not the UE is configured for simultaneous PUCCH and PUSCH transmissions or with SCell PUCCH CG.
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