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1. Introduction

In RAN1#62 meeting, the following was agreed for PUCCH format 3:

· For DFT-S-OFDM with A/N payload size less than or equal 11 bits, the (32, O) RM code from Rel-8 with circular buffer rate matching is reused
In RAN1#62bis meeting, the following was agreed for PUCCH format 3:

· Adopt proposal from R1-105776 for >11 A/N bits (support Dual RM coding)
In RAN1#63 meeting, the following was agreed for power control details of PUCCH format 3:

· n_harq based on the number of received TBs (also including SPS release)
· h(n_harq, n_SR) = (n_harq + n_SR - 1)/2, where n_SR = {0,1}
· delta_(F_PUCCH) = {-1, 0, 1, 2}
· Add delta_TxD  to PUCCH power control formula as follows:
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In the email discussion after RAN1#63 meeting, the following delta_TxD configuration was further agreed for power control of PUCCH format 3:
· UE-specific delta_TxD per PUCCH format, with values {0, -2} dB
Based on the observation that PUCCH format 3 with different channel coding methods have different performances, in this contribution, we provide our views on the definition of h function and delta_(F_PUCCH) configuration for PUCCH format 3 with different ACK/NAK codebook (CB) sizes.
2. Dual RM segmentation
It has been agreed that for PUCCH format 3 with ACK/NAK codebook size larger than 11 bits, Dual RM coding is used [1]. However, there is still no conclusion on the segmentation rule for Dual RM coding. Generally, the following segmentation rules are possible:
· Alt 1: Sequentially order the ACK/NAK bits via CC first and subframe second, then the first and second half of ACK/NAK bits form two segments [2]
· Alt 2: Sequentially order the ACK/NAK bits via CC first and subframe second, then the even and odd ACK/NAK bits form two segments [2]
· Alt 3: Many other segmentation rules as shown in reference [3]
As shown in Figure 1 and Figure 2, with different schedulers, none of the above segmentation rules can avoid unequal distribution of ACK/NAK information bits between the two segments. Thus, any segmentation method cannot be universally suitable for all different eNB scheduler implementations.

[image: image2.emf]DL CC 1

DL CC 2

ACK

ACK

b0

NACK

NACK

ACK

NACK

No 

scheduling

No 

scheduling

ACK ACK

No 

scheduling

No 

scheduling

Subframe 1 Subframe 2 Subframe 3 Subframe 4

b1

b3

b4

b6

b7

b5 b2

Generate 

NACK as b8

Generate 

NACK as b9

Generate 

NACK as b10

Generate 

NACK as b11

The first segment The second segment


Figure 1: Segmentation example of Alt 1
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Figure 2: Segmentation example of Alt 2
3. Power control for PUCCH format 3

It has been agreed that PUCCH format 3 power control is based on the number of received TBs, while ACK/NAK codebook size is based on the number of configured CCs and the transmission modes. When ACK/NAK codebook size is larger than 11 bits, Dual RM coding will be used. Considering that Dual RM segmentation rule cannot ensure equal distribution of ACK/NAK information bits between the two segments, the performance of Dual RM and the corresponding power control parameters shall be different from the single RM coding case, i.e. when the ACK/NAK codebook size is less than or equal to 11.
Although h(n_harq, n_SR) = (n_harq + n_SR - 1)/2 and delta_(F_PUCCH) = {-1, 0, 1, 2} have been defined for PUCCH format 3 in RAN1#63, those definitions do not consider the impact of unequal distribution of ACK/NAK information bits between the two segments using Dual RM coding. 
In this section, we primarily focus on
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 for power control of PUCCH format 3 with different ACK/NAK payload sizes.

3.1. Definition of 
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In Rel-8, 
[image: image7.wmf](

)

HARQ

CQI

n

n

h

,

 is defined as 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 
[image: image9.wmf]HARQ

n

 is the number of HARQ bits.
Figure 3 and 4 show that the SNR difference of PUCCH format 3 transmitting x (>2) bits and 2 bits, using RM coding and Dual RM coding with different channel models and different transmission modes. It is observed that with different channel models in each figure, the slopes of the curves vary, which impacts the definition 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 
[image: image12.wmf](

)

HARQ

CQI

n

n

h

,

, 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 each figure. 
In addition, the fixed slopes for RM coding and Dual RM coding with/without SORTD are different as well, due to the performance difference of RM coding and Dual RM coding. Thus, to improve power control of PUCCH format 3, RM coding and Dual RM coding with/without SORTD shall use separate
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. In summary, considering SR transmission together with ACK/NAK, we have the following proposal:

Proposal: 
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Where 
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represent whether there is a positive SR in current subframe
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Figure 3: SNR difference of PUCCH format 3 using RM coding transmitting 2 – 11 bits and 2 bits, non-TxD (left), SORTD (right)
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Figure 4: SNR difference of PUCCH format 3 using Dual RM coding transmitting 2 – 16 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. These error can be compensated by the value of 
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3.2. 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. Tables 1 – 2 show the SNR difference between PUCCH format 3 (2 bits ACK/NAK information bit) and PUCCH format 1a, using RM coding and Dual RM coding with different channel models. The simulation assumptions are aligned with [5].
Table 1: SNR difference between PUCCH format 3 (2 bits) and PUCCH format 1a, RM coding, non-TxD
	
	ETU 3km/h, 5MHz
	ETU 120km/h, 5MHz
	EPA 3km/h, 10MHz

	Format 3, 2bits
	-9.38*
	-9.63*
	-8.10*

	Format 1a, 1bits
	-9.96*
	-10.46*
	-9.06*

	SNR difference 
	0.58
	0.83
	0.96


Table 2: SNR difference between PUCCH format 3 (2 bits) and PUCCH format 1a, Dual RM coding, non-TxD
	
	ETU 3km/h, 5MHz
	ETU 120km/h, 5MHz
	EPA 3km/h, 10MHz

	
	CB16
	CB12
	CB16
	CB12
	CB16
	CB12

	Format 3, 2bits
	-4.39**
	-4.31**
	-5.09**
	-4.33**
	-5.87**
	-5.16**

	Format 1a, 1bits
	-9.96*
	-9.96*
	-10.46*
	-10.46*
	-9.06*
	-9.06*

	SNR difference 
	5.57
	5.65
	5.37
	6.13
	3.19
	3.90


It is observed that the SNR difference between PUCCH format 3 (2 bits) and PUCCH format 1a varies for different coding methods. Thus, the values of 
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for PUCCH format 3 shall be defined separately for RM and Dual RM coding. Considering both the SNR difference between PUCCH format 3 (2 bits) and PUCCH format 1a and the discrepancy between the truly required SNR and the 
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Table 3: 
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	RM coding
	[-1, 0, 1, 2]

	Dual RM coding
	[3, 4, 5, 6]


4. Conclusions

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

· Separate 
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 shall be used for PUCCH format 3 with RM coding and Dual RM coding.
· 
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· Separate 
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shall be used for PUCCH format 3 with RM coding and Dual RM coding.
	PUCCH format 3
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