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1. Introduction
In RAN1-62bis, the following was agreed for power control details of PUCCH format 3:
· 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 provide our views on these remaining issues.
2. Power control for PUCCH format 3
In Rel-8, the power control formula for PUCCH [1] is defined as following:

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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For PUCCH format 3, the definition of the parameters other than 
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 can follow the Rel-8 design. Hence, in this section, we primarily focus on 
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 for power control of PUCCH format 3.
2.1. Values for 
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The parameter 
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 is provided by higher layers. Each 
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 value corresponds to a PUCCH format (F) relative to PUCCH format 1a. In Rel-8, the supported PUCCH format [2] and the corresponding 
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 values [3] are shown in Table 1.

Table 1: Rel-8 PUCCH format and the corresponding 
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	PUCCH format
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 values (dB)

	PUCCH format 1
	[-2, 0, 2]

	PUCCH format 1b
	[1, 3, 5]

	PUCCH format 2
	[-2, 0, 1, 2]

	PUCCH format 2a
	[-2, 0, 2]

	PUCCH format 2b
	[-2, 0, 2]


Table 2 shows the SNR difference between PUCCH format 3 (2 bits) and PUCCH format 1a, for the different channel models. The other simulation assumptions are aligned with [6]. It is observed that 
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 of values of {0, 1} dB is proper.
Table 2: SNR difference between PUCCH format 3 (2 bits) and PUCCH format 1a

	Channel model
	SNR difference between PUCCH format 3 (2 bits) and PUCCH format 1a (dB)

	ETU, 5MHz, 3km/h
	0.58

	ETU, 5MHz, 120km/h
	0.83

	EPA, 10MHz, 3km/h
	0.96


2.2. Definition of 
[image: image18.wmf](

)

HARQ

CQI

n

n

h

,


In Rel-8, 
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 is defined as following [1]:
· 
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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 section 5.2.3.3 in [4] and 
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 is the number of HARQ bits.

· For PUCCH format 1,1a and 1b 
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· For PUCCH format 2, 2a, 2b and normal cyclic prefix 
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· For PUCCH format 2 and extended cyclic prefix 
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Figure 1 shows that the SNR difference of PUCCH format 3 transmitting x (>2) bits and 2 bits, for different channel models. It is viewed that with different channel models, the slopes of the curves in Figure 1 vary, which impacts the definition of 
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. Ideally, the slope of 
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 shall be set according to the corresponding channel model. On the other hand, it is difficult for eNB to set the proper values for the slope of 
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, since the UE channel model may not be known by the eNB. Hence, a fixed slope is determined to best approximate the data points in Figure 1. In summary, we have the following proposal:

Proposal: 
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 for non-TxD PUCCH format 3
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 for PUCCH format 3 with SORTD
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Figure 1: SNR difference of PUCCH format 3 transmitting x (>2) bits and 2 bits, non-TxD (left), SORTD (right)

It is further noticed that the linear curve fitting leads to some discrepancy between the truly required SNR and the approximated value. Hence, it is proposed that the value range of 
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 is expanded to {-1, 0, 1, 2} dB, in order to accommodate the possible errors resulted from curve fitting. 
3. Power control for PUCCH with TxD

In RAN1-62bis, the following was agreed for PUCCH

· PUCCH configuration
· Transmission scheme
· Single transmission port 
· SORTD (if the corresponding Format support it)

· Independent configuration of single transmission port or SORTD for

· Format 1
· Rel.8 Format 1a/1b and Rel.10 Format 1a/1b with channel selection (if TxD supported)

· Format 2/2a/2b
· Format 3 (if TxD supported)
Since TxD is independently configured for different format, it is necessary to include a separate parameter 
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 in the PUCCH power control formula, taking into account of the gain of TxD if configured for some PUCCH formats, by the following equation:
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Note that the gain of SORTD over single antenna PUCCH transmission is largely limited by 3 dB. Hence, it is proposed that 
[image: image36.wmf](

)

'

TxD

F

D

 can take values of {0, -1, -2, -3} dB. Further, the configuration of 
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 shall be independent for the PUCCH formats 
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 in Table 3, following the agreements in RAN1-62bis, i.e., a 2-bit higher layer signaling is provided for each PUCCH formats 
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 in Table 3, for the configuration of 
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Table 3: Definition of PUCCH formats 
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 for SORTD configuration

	PUCCH formats 
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	PUCCH format 1

	PUCCH format 1a/1b

PUCCH format 1b with channel selection (if supported)

	PUCCH format 2/2a/2b

	PUCCH format 3 (if supported)


4. Conclusions

In this contribution, we discuss power control for PUCCH format 3, with the following proposals:

· 
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 shall take values of {-1, 0, 1, 2} dB

· 
[image: image44.wmf](

)

64

.

1

6

.

0

,

-

=

HARQ

HARQ

CQI

n

n

n

h

 for non-TxD  PUCCH format 3
· 
[image: image45.wmf](

)

15

.

1

46

.

0

,

-

=

HARQ

HARQ

CQI

n

n

n

h

 for PUCCH format 3 with SORTD
In addition, we discuss the PUCCH power control when SORTD is configured for some PUCCH formats, with the following proposals:
· A separate parameter 
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· 
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 can take values of {0, -1, -2, -3} dB

· A 2-bit higher layer signaling is provided for each PUCCH formats 
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(shown in the following table) for the configuration of 
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	PUCCH formats 
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	PUCCH format 1

	PUCCH format 1a/1b

PUCCH format 1b with channel selection (if supported)

	PUCCH format 2/2a/2b

	PUCCH format 3 (if supported)


5. References

[1]. 3GPP TS36.213
[2]. 3GPP TS36.211
[3]. 3GPP TS36.331
[4]. R1-103468, “Performance evaluation of UL ACK/NACK multiplexing methods in LTE-A,” CATT
[5]. R1-105171, “Transmit Diversity Schemes for PUCCH Format 3 in Rel-10,” CATT
[6]. R1-104140, “ACK/NAK Multiplexing Simulation Assumptions in Rel-10,” CATT, LG Electronics, Qualcomm Incorporated, ZTE[image: image52.png]




































































































































































































































































































































































































































































































































































































































































































































_1350910106.unknown

_1350915470.unknown

_1350915421.unknown

_1316344679.unknown

_1350889909.unknown

_1350890234.unknown

_1350890283.unknown

_1350889941.unknown

_1347443461.unknown

_1316367002.unknown

_1347443421.unknown

_1280613312.unknown

_1292829344.unknown

_1280613399.unknown

_1280673949.unknown

_1280613352.unknown

_1272189216.unknown

_1272189234.unknown

_1255377784.unknown

