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1 Introduction

In the RAN1 #82 meeting, the PUCCH format 4 with PUSCH-like structure (without CDM for data/control symbols) was introduced for CA with configuration of up to 32 serving cells. In the RAN1 #82bis meeting, the following agreements were reached on the new PUSCH-like PUCCH format (PUCCH format 4) [1].
· The PUSCH-like new PUCCH format is designed as follows:

· No. of DMRS per slot is 1 for both CP cases.

· Inter-slot FH is applied as in legacy PUCCHs
· Shortened PUCCH format is supported
· The PUCCH resource without multiplexing is represented by the following factors.

· Starting PRB index (0-109)

· The number of PRBs (3 bits)

· For transmit power control of the PUSCH-like new PUCCH format,

· 10log10(MPUCCH_PRB) is included with MPUCCH_PRB being the no. of PRBs.

· For the PUSCH-like new PUCCH format,

· Transmit diversity scheme is not supported for the PUSCH-like new PUCCH format.

The power control of the PUCCH format 4 is discussed in the previous meeting and there are the following agreements: 

· Inform RAN2 that RAN1 will use new RRC parameters for power-control for the new PUCCH format.
· For the PUSCH-like new PUCCH format, 
· Reusing the existing power control parameters

· FFS: necessity of additional parameters
The RRC parameters [2] defined for PUSCH-based and PUCCH based power control are, respectively:

Alt.1: p0-UE-PUCCH-r13 (INTEGER (-8..7))

Alt.2: deltaF-PUCCH-Format5-r13    ENUMERATED of eight entries

(Note: each delta value is still FFS)

(Note: it is FFS whether the new TPC parameter is separately introduced for P-CSI only and other cases) 

Another new PUCCH format 5 is supported in the previous RAN1 #82bis meeting for multiuser multiplexing. The new PUCCH format 5 is described in [4]. In this contribution, the power control of the two new PUCCH formats for eCA would be discussed.
2 Current power control of PUCCH and PUSCH
2.1 Current power control of PUCCH

In the power control section of 36.213 specifications [3], if serving cell 
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is the primary cell, the setting of the UE Transmit power
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for the physical uplink control channel (PUCCH) transmission in subframe i is defined by
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Where 

· 
[image: image4.wmf])

(

c

CMAX,

i

P

is the configured UE transmit power in subframe i for serving cell 
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. 
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is based on higher layer configured parameters.
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 is the downlink path loss estimate calculated in the UE for serving cell 
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 is a PUCCH format dependent value, where 
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 corresponds to the number of information bits for the channel quality information defined in subclause 5.2.3.3 in 36.212. 
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 = 1 if subframe i is configured for SR for the UE not having any associated transport block for UL-SCH, otherwise 
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=0.  If the UE is configured with more than one serving cell, or the UE is configured with one serving cell and transmitting using PUCCH format 3, the value of 
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 is defined in subclause 10.1; otherwise, 
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 is the number of HARQ-ACK bits sent in subframe i. 
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 value corresponds to a PUCCH format (F) relative to PUCCH format 1a.
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is provided by higher layers for transmitting PUCCH on two antenna ports. If the UE is not configured to transmit PUCCH on two antenna ports, 
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 is the closed loop power control factor for PUCCH in the subframe i indicated to UE by physical layer procedure.
2.2 Current power control of PUSCH

In the power control section of 36.213 specifications [2], the UE transmit power for PUSCH is defined as:

If the UE transmits PUSCH without a simultaneous PUCCH for the serving cell
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, then the UE transmit power 
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 for PUSCH transmission in subframe i for the serving cell 
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is given by
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If the UE transmits PUSCH simultaneous with PUCCH for the serving cell
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, then the UE transmit power 
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  for the PUSCH transmission in subframe i for the serving cell 
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 is given by
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Where,
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is the configured UE transmit power in subframe i for serving cell 
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is the bandwidth of the PUSCH resource assignment expressed in number of resource blocks valid for subframe i and serving cell 
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is based on higher layer configured parameters and is the j=0,1,2 depends on the PUSCH is corresponding to SPS PUSCH (re)transmission, dynamic PUSCH (re)transmission, or random access response related PUSCH transmission.

Otherwise

· 
[image: image37.wmf]c

PL

 is the downlink path loss estimate calculated in the UE for serving cell 
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 in dB. For j =0 or 1, 
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 is a 3-bit parameter provided by higher layers for serving cell 
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. For j=2, 
[image: image41.wmf].

1

)

(

=

j

c

a


· 
[image: image42.wmf](

)

(

)

PUSCH

offset

K

BPRE

c

TF

s

i

b

×

-

=

D

×

1

2

log

10

)

(

10

,

, for 
[image: image43.wmf]25

.

1

=

S

K

and 0 for 
[image: image44.wmf]0

=

S

K

where 
[image: image45.wmf]S

K

 is provided by higher layers for each serving cell
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for control data sent via PUSCH without UL-SCH data and 
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for other cases.  
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 is the number of code blocks, 
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 is the size for code block 
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 is the number of CQI/PMI bits including CRC bits  and 
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 for control data sent via PUSCH without UL-SCH data and 
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 for other cases.
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is the closed loop power control factor for PUSCH of the subframe i indicated to UE by physical layer procedure. 
3 Reuse the current parameters for PUCCH format4/5 power control
Considering PUCCH format 4/5 has a PUSCH-like structure while it is also control channel similar as the existing PUCCH formats, the power control equation for the PUCCH format 4/5 with the current PUSCH-based mechanism and with the current PUCCH-based mechanism would be analyzed in this section. The parameters in the current PUCCH and PUSCH power control equation are listed in the Table 1 below and each item is categorized into bandwidth, P0, pathloss, transmission format, transmit diversity, and closed-loop adjustment. 
Table 1. Power control parameters in the current equations
	
	Bandwidth
	P0
	Pathloss
	Transmission Format
	Transmit diversity
	Closed-loop adjustment

	PUCCH based
	N/A
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	PUSCH based
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3.1 Bandwidth
For PUCCH format 4, it was agreed to include 10log10(MPUCCH_PRB)  for transmit power control with MPUCCH_PRB being the number of PRB pairs.
For PUCCH format 5, the PUCCH resource only includes one PRB pair which results in that the number of PRBs does not need to be considered for transmit power calculation.
Observation 1: For PUCCH format 5, the number of PRB pairs does not need to be considered for transmit power calculation.
3.2 P0 and pathloss
The item of “Pathloss” is to compensate the radio propagation loss in the uplink by increasing the transmit power. On the other hand, the UL power control purpose is to improve throughput of PUSCH transmission and provide reliable transmission for PUCCH. Moreover, intra-cell, inter-cell, inter-system interference and power consumption limitation should also be considered when determining the UL transmit power. Currently, the pathloss can be fractionally compensated using a compensation factor 
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 for PUSCH, while the pathloss is fully compensated for PUCCH. The value of 
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 is configured by higher layers for each serving cell 
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 and generally less than 1. 

For the PUCCH format 4/5, the transmission reliability should be firstly ensured in the same manner as for the existing PUCCH formats. Hence, the 
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 should also be fully compensated.
Observation 2: The pathloss, 
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, should be fully compensated for PUCCH format 4/5.
The parameter P0 configured for PUCCH format 4/5 could be composed of the sum of 
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 and 
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, similar as for the existing PUCCH formats. The RRC parameter “p0-UE-PUCCH-r13” is defined as alternative for PUCCH format 4/5 transmit power control. According to [5], P0 = ·(SINR0 + IN) + (1–)·(Pmax – 10logM0). For PUCCH format 4/5, the P0 depends on the SINR0 and IN (the noise plus interference level) assuming the pathloss is fully compensated. Considering the difference of SINR0 and the range of IN for PUCCH format 4/5 and for other PUCCH formats could be adjusted by 
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 configured for other PUCCH formats could be reused for the transmit power determination of PUCCH format 4/5.
Observation 3: The parameter 
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 configured for other PUCCH formats could be reused for the transmit power determination for PUCCH format 4/5.
3.3 Transmission Format

For the UCI transmission on PUCCH and PUSCH, the UL transmission power requirements with different transmission formats are considered. For PUCCH, 
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 is used to address each PUCCH format’s UL transmission power setting. For PUSCH, the item of 
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 is used for this purpose. In the following, how to use these parameters for the PUCCH format 4/5 for the UL transmit power calculation is discussed.   
Current PUCCH-based power control for transmission format 
The parameter
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 value corresponds to a PUCCH format (F) relative to PUCCH format 1a. The parameter
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 is calculated as a function of the number of transmitted UCI bits transmitted for the PUCCH format. To decide the calculation of 
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 for PUCCH format 4/5, an operating SNR may need to be determined as a function of number of UCI bits.
For such evaluation, the range of the number of UCI bits transmitted on the new PUCCH format should be decided. For PUCCH format 4, the maximum number of HARQ-ACK bits in UL by one UE in one subframe for DL CA of up to 32 CCs would be selected from 128, 256, 319, 638 in the case of TDD PUCCH cell. Currently, there are no agreements for the maximum HARQ-ACK number for TDD. In addition, it is agreed that PUCCH format 4 can be used to carry P-CSIs for multiple serving cells. The payload of P-CSI for 32 carriers could be 11*32=352 bits. Furthermore, it is possible to transmit HARQ-ACK and multiple P-CSIs simultaneously through PUCCH format 4 which results in a large range of UCI payload transmitted on the new PUCCH format. For PUCCH format 5, there are also no agreements about the maximum supported number of HARQ-ACK bits. In summary, the range of UCI payload transmitted on PUCCH format 4 would be large and it is difficult to decide the maximum number of UCI bits transmitted on PUCCH format 4 and the maximum number of UCI bits transmitted on PUCCH format 5 currently.
For the evaluation, the PUCCH resource with the PUCCH format 4/5 to carry the corresponding UCI bit number should also be decided. According to [4], the PUCCH resource with PUCCH format 5 only includes 1 PRB pair. For PUCCH format 4, it is agreed that the number of PRB pairs for the PUCCH resource is configured with 3 bits. Then it is possible the PUCCH resource is in the range 1~8 PRB pairs. Moreover, both PUCCH format 4 and PUCCH format 5 support shortened PUCCH format. Then PUCCH resource with both non-shortened and shortened PUCCH format should be evaluated. 

After determining the range of UCI payload transmitted on the new PUCCH formats and the size of corresponding PUCCH resource, the operating SNR with the new PUCCH formats could be evaluated. However, for PUCCH format 4, the range of supported UCI payload with different size of PUCCH resource should also be determined. For example, 1 PRB PUCCH resource with PUCCH format 4 is cannot be used to transmit 256 bit UCI, while it is unreasonable to transmit 23 bit UCI with 8 PRB PUCCH resource, etc. 

According to the above analysis, a large evaluation campaign is needed to obtain the operating SNR for  PUCCH format 4 considering the large range of UCI payload in combination with many possible PUCCH bandwidths, different channel type and velocity condition. Moreover, the undetermined maximum number of UCI bits transmitted on PUCCH format 4, the range of supported UCI bit number with different size of PUCCH resource with PUCCH format 4, and maximum number of UCI bits transmitted on PUCCH format 5 make the evaluation undesirable at this time.
Observation 4: It would require considerable amount of evaluations to determine 
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 for PUCCH format 4/5, considering the large amount combinations of UCI payload and PUCCH bandwidth.
Current PUSCH-based power control for transmission format 

When PUSCH transmits A-CSI and other UCI bits through PUSCH without UL-SCH data, it is quite similar as the PUCCH format 4/5. For the current PUSCH power control calculation, 
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 is used to obtain the UL transmission power requirements with different MCS related factor. 
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 is given by the parameter deltaMCS-Enabled provided by higher layers for each serving cell 
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for control data sent via PUSCH without UL-SCH data where 
[image: image91.wmf]CQI

O

 is the number of CQI/PMI bits including CRC bits  and 
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 for control data sent via PUSCH without UL-SCH data and 
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 for other cases.
According to the above calculation principle, 
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 adjusts, through the BPRE factor, the transmit power to the UCI payload and the number of resources, e.g., the number of allocated PRBs or whether the corresponding transmission is with non-shortened and shortened formats. Therefore, no further evaluation is needed to determine the transmission format impact if 
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denotes the number of UCI(HARQ-ACK, CSI, SR) bits including CRC bits transmitted in PUCCH format 4/5. The scaling factor could also be kept the same, 
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 for control data sent via PUSCH without UL-SCH data is used to denote the operating SNR requirements difference between PUSCH (target BLER of 10%) and CQI (target BLER of 1%).  For PUCCH format 4/5, a CRC is attached before encoding. Then the target BLER of all the UCI types would be 1% as, i.e., the same BLER as for CQI. Therefore, 
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 calculation for PUCCH format 4/5. In addition, considering the UCI transmission reliability is the most important factor for PUCCH transmission, 
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Observation 5: The parameter 
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 defined for PUSCH without UL-SCH could be reused for PUCCH format 4/5.
3.4 Transmit diversity

The parameter
[image: image106.wmf])

'

(

F

TxD

D

 is used to adjust the power with PUCCH transmit diversity. Since it is agreed that transmit diversity scheme is not supported for the PUSCH-like new PUCCH format. This item is not needed for the power calculation.
Observation 6: The parameter
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is not needed for the power determination of PUCCH format 4/5.
3.5 Closed-loop adjustment
With the current PUCCH power control calculation mechanism, 
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 is used to calculate the closed-loop power adjustment. The value of 
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 depends on the signalling on PDCCH with DCI format 1A/1B/1D/1/2A/2/2B/2C/2D or EPDCCH with DCI format 1A/1B/1D/1/2A/2/2B/2C/2D for the PDSCH scheduling. For the current PUSCH power control, the closed-loop item
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 is calculated with the signalling on PDCCH/EPDCCH with DCI format 0/4 or PDCCH with DCI format 3/3A.
For PUCCH format 4/5 not associated with DCI format 0/4, the formulation of
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 in the current PUCCH power control calculation equation should be reused. For the P-CSI only transmission on PUCCH format 4, as the existing PUCCH formats, TPC command based on the DCI format 3/3A could be used for the transmit power determination.
Observation 7: The parameter 
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 in the current PUCCH power control calculation equation should be used for the PUCCH format 4/5.
Furthermore, considering the target BLER of all the UCI types are the same in the PUCCH format 4, it is straight forward to use the same TPC parameter for P-CSI transmission on PUCCH format 4. Since there is no corresponding PDCCH/EPDCH with DCI format 1A/1B/1D/1/2A/2/2B/2C/2D, the TPC command for the closed-loop adjustment would be absent. However, TPC command carried by DCI format 3/3A could take the role.
4 Conclusions
In this contribution, the power control of PUCCH format 4/5 based on the current PUCCH and PUSCH power control mechanisms are discussed. Based on the analysis, considerable work would be needed to determine the power control parameters for reusing the PUCCH-based power control mechanism. The PUSCH-based power control mechanism, on the other hand, is directly applicable to varying UCI payloads and PUCCH bandwidths and has small specification impact. 

Therefore, UE Transmit power
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 in subframe i with PUCCH format 4/5 could be defined by
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is the configured UE transmit power in subframe i for serving cell 
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is the bandwidth of the PUCCH resource expressed in number of resource blocks (the number of resource blocks is 1 for PUCCH format 5)
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 is the downlink path loss estimate calculated in the UE for serving cell 
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 is the current PUCCH power control adjustment state and where 
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is the first value after reset.
Furthermore, use the same TPC parameter for P-CSI transmission on PUCCH format 4. 
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