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1 Introduction

In the previous RAN1 #82bis meeting, the PUCCH format(s) to support the UCI feedback for the carrier aggregation beyond 5 is discussed and the following agreements are reached.
· New PUCCH format(s) for HARQ-ACK feedback should be introduced in Rel-13 CA
· Specify at least one new PUCCH format:
· PUSCH-like PUCCH structure (without CDM for data/control symbols)
· Working assumption: One DMRS per slot
· FFS: Two DMRS per slot (normal CP)
· Frequency hopping between slots
· FFS: Whether /when FH is applicable
· With at least one PRB per slot
· FFS: Coded bits-to-RE mapping 
In this contribution, the power control of the PUSCH-like PUCCH structure 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 [1], if serving cell 
[image: image1.wmf]c

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]O_PUCCH

P

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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 in dB.
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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 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

· 
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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, 
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 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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, 
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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 Power control of new PUCCH format with PUSCH-like structure
3.1 Power control of the new PUCCH format based on the current PUCCH mechanism

The new PUCCH format is designed for the large amount of UCI feedback requirements. From the point of UCI reporting purpose, it is straightforward to design the power control of the new PUCCH format based on the current PUCCH power control mechanism.
For the current PUCCH power control mechanism, there are three items that is related to the PUCCH format while other items are common for all the PUCCH formats. The three items are
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In the current mechanism, 
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denotes relative operating SNR difference between with each PUCCH format and with PUCCH format 1a by different formulas to adapt different size of UCI payload for each PUCCH formats. For PUCCH format 1,1a and 1b 
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. For PUCCH format 2, 2a, 2b and PUCCH format 3, the value depends on the UCI bits transmitted in the PUCCH.  The maximum payload size of UCI bits with the current PUCCH formats is 22 bits which is supported with the PUCCH format 3. To support carrier aggregation of up to 32 CCs, it is agreed in the previous meeting that the maximum number of HARQ-ACK bits in UL by one UE in one subframe for DL CA of up to 32CCs would be selected from 128, 256, 319, and 638. In [1], the detailed design for PUSCH-like PUCCH to support large size of HARQ-ACK payload size is discussed and it is concluded that the PUSCH-like PUCCH format with multiple PRBs per slot should maximally support 319 bits HARQ-ACK transmission for Rel-13 CA. Then the current formulas of 
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 factor are not expected to enough when the new PUCCH format is introduced. Therefore, it is necessary to design the calculation of 
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 for the new PUCCH format.

To get the same ACK missed detection performance of not exceeding 1% as PUCCH format 1a, the operating SNR for up to 128bits UCI transmission with the new PUCCH format is evaluated. In the simulation, 1RB of the new PUCCH is assumed in the simulation. In the left figure of Fig.1 below, the required operating SNR for different UCI payload size with the new PUCCH format and with PUCCH format1a under the typical channel model assumptions are evaluated. In addition, the right figure of Fig.1 shows the relative operating SNR difference between with the new PUCCH format and with PUCCH format 1a. The simulation assumptions could be found in the appendix.
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Fig. 1 UE LBT with short duration just before UL transmission 
In the evaluation, PUCCH transmission diversity is not considered yet. For the new PUCCH format, the different operating SNR requirements with different UCI bits comparing with PUCCH format 1a could be addressed with 
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 in the PUCCH power control equation. As shown in the right figure in the Fig.1 above, it is observed that 
[image: image60.wmf])

,

,

(

SR

HARQ

CQI

n

n

n

h

could be approximately functioned as the following formula.
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In addition, based on
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 could compensate the difference for each scenario. It is observed that
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 could be 0dB and 1dB. Considering extra implementation margin 
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 should be expanded to -2dB and 2 dB.
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 is used to adjust the power requirements with PUCCH transmit diversity considered. 0dB and -2dB is used to configure this parameter for the current PUCCH formats. The transmit diversity gain may be to some extent independently with the PUCCH format. Therefore, it is proposed to still adopt 
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with 0dB and -2dB for the new PUCCH format.
Proposal 1: For the power control of the new PUCCH format based on the current PUCCH mechanism, setting the following parameters should be reconsidered.
· 
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, where
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is the bits of CQI, HARQ-ACK, SR transmitted in the new PUCCH format.

· Configuration of 
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· Configuration of 
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In addition, the agreements for denotes the new PUCCH format may be use at least one PRB per slot. For large payload size of UCI reports like 319 bits, multi-PRB resource with the new PUCCH format is needed. Consequently, the RB number of the PUCCH should be introduced in the power control equation such as
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. With the number of PUCCH PRB considered, the value of
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 should be reconsidered. For example, 
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could be used to denote the influence with different UCI bits transmitted by different number of PUCCH RBs. Alternatively, a function decided by 
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 is the number of modulated symbols in the PUCCH.
Proposal 2: Introduce 
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 is the number of modulated symbols in the PUCCH.

3.2 Power control of the new PUCCH format based on the current PUSCH mechanism

Considering the new PUCCH format is with PUSCH-like structure, it is also possible to design the power control procedure based on the current PUSCH mechanism.
Firstly, 
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in the equation should be replaced by 
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with the target received performance of PUCCH considered. 
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, the downlink path loss is compensated with a coefficient parameter 
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. For PUCCH transmission, full power compensation should be considered. That is 
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 denotes the different power requirements with different MCS factor. Considering the supported bit width range in the PUCCH varies much in the new PUCCH format and TBCC coding would be used. This 
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4 Conclusions
In this contribution, the power control of the PUSCH-like PUCCH structure based on the current PUCCH and PUSCH power control mechanisms are discussed. The following proposals are reached:
Proposal 1: For the power control of the new PUCCH format based on the current PUCCH mechanism, setting the following parameters should be reconsidered.
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is the bits of CQI, HARQ-ACK, SR transmitted in the new PUCCH format.

· Configuration of 
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Appendix

Table A1. Simulation assumption
	Parameter
	Setting

	Carrier frequency
	2 GHz

	Carrier bandwidth
	5,10MHz

	Channel model
	EPA, 3 km/h, ETU,3 km/h; ETU 120 km/h

	Antenna setup
	1Tx, 2Rx, antenna correlation = 0.5

	Channel coding
	TBCC

	Channel estimation
	LS

	Number of scheduled PRBs in one slot
	1

	Codebook size
	23~128bit

	Modulation scheme
	BPSK for PUCCH format 1a

QPSK for the PUSCH-like PUCCH

	Performance metric
	SNR targeting 1% BLER
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