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1. Introduction  
It has made great progress in the A/N design during the last meeting. DFT-s-OFDM based scheme has been agreed as the A/N transmission scheme for Rel-10 UEs that support more than 4 A/N bits. But the details about this new format have not been decided yet. In this contribution, we will discuss the details for this new PUCCH format, including the Data-RS structure, channel coding, frequency position, orthogonal sequence etc. For simplicity’s sake, we call this DFT-s-OFDM based scheme as PUCCH format 3.
2. Data-RS structure
When it comes to the Data-RS structure design for PUCCH format 3, there are several aspects should be taken into account: the number of reference signals, the multiplexing capacity in one PRB, the sensitivity to UE speed and the ACK/NACK performance. 

For the number of reference signal, there should be a trade off between the accuracy of channel estimation, the multiplexing capacity (when the multiplexing capacity is determined by the length of orthogonal sequence) in an RB and the performance of ACK/NACK. In our simulation shown in Annex, we find that the 2-RS structure for normal CP and 1-RS for extended CP can achieve the best tradeoff between them in various UE speed. The details of simulation parameters and results are listed in Annex.
Besides the factors mentioned above, the simultaneous transmission with SRS should also be considered. In Rel-8, if ackNackSRS-Simultaneous is set to 1, shortened PUCCH format 1/1a/1b would be used. We think the shortened format for PUCCH format 3 should also be supported. Therefore, the last symbol in the second slot is punctured to transmit SRS.

Figure 1 illustrates the RS structure for PUCCH format 3 in normal CP and extended CP respectively.
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Figure 1 Data-RS structure for PUCCH Format 3
3. Channel coding 
There are two alternatives for the channel coding for PUCCH format 3.

Alternative#1: the ACK/NACK bits are encoded into 24 bits and transmitted in the two slots repeatedly.

Alternative#2: the ACK/NACK bits are encoded into 48 bits and the first 24 bits are transmitted in the first slot and the last 24 bits are transmitted in the second slot.

Considering the lower code rate for Alternative#2 and the typical uses case for PUCCH format 3 which is relatively large ACK/NACK payload, Alternative#2 is preferred. The channel coding scheme for (48, O) is not defined in Rel-8, but it can easily be achieved by the (32, O) RM code with circular rate matching. As the (32, O) RM code can only support up to 11 bits, channel coding scheme for more than 11 bits should also be considered. We think the TBCC, which is already defined in Rel-8 for larger CQI payload, can be reused. 
There is a problem left FFS in the last meeting about the update rate for the ACK/NACK codebook. In order to avoid the misalignment between the UE and eNB, we think the ACK/NACK codebook should be based on the configured DL CC set which is semi-statically configured. That is, the so called slow codebook adaptation [2] should be used.
4. Frequency position
Since the PUCCH format 3 is DFT-s-OFDM based, which is different from PUCCH format 1/1a/1b and PUCCH format 2/2a/2b, it needs a separate PRB to transmit. Regarding the frequency location of PUCCH format 3, we think it is a good choice to locate PUCCH format 3 between the PUCCH format 2/2a/2b and mixed RB/PUCCH format 1/1a/1b (Figure 2), or to locate PUCCH format 3 between the mixed RB and PUCCH format 1/1a/1b (Figure 3). Note that when the mixed RB is not configured, Figure 2 and Figure 3 are the same. 
In Rel-8, the high layer configured parameter 
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 is used to determine the frequency position of PUCCH format 1/1a/1b, which denotes the bandwidth in terms of resource blocks that are available for use by PUCCH formats 2/2a/2b transmission in each slot [1]. For the example illustrated in Figure 2, we can reuse 
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 with redefinition to keep backward compatibility for Rel-8 UE. In LTE-A, 
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 may be redefined as the bandwidth in terms of resource blocks that are available for used by PUCCH format 2/2a/2b and PUCCH format 3. With this new definition, the Rel-8 UEs can use it to determine the frequency position of PUCCH format 1/1a/1b with the same process as in LTE without any modification. 
For the example shown in Figure 3, we can keep 
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 as defined in Rel-8. But the configuration of the other high layer configured parameter 
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 should take the existence of PUCCH format 3 into account. But the disadvantage of this frequency allocation is that the implicit mapping 
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can not fall into the mixed RB since 
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 can not make 
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 fall into both the mixed RB and normal RB, which may cause some waste of PUCCH resource. But resource waste may not be a big problem in practical since the high layer configured 
[image: image13.wmf](1)

PUCCH

n

 may occupy all of the PUCCH format 1/1a/1b resource in the mixed RB.

If the 
[image: image14.wmf](2)

RB

N

 can be redefined, Figure 2 is more preferred, otherwise, Figure 3 is adopted.
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Figure 2 Frequency location for PUCCH format 3—Example 1
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Figure 3 Frequency location for PUCCH format 3—Example 2

5. Orthogonal sequence

The multiplexing capacity of PUCCH format 3 in one RB is related to the length of time domain orthogonal sequence and the separation of cyclic shift the reference signal used. Denoting the minimum length of the two time domain orthogonal sequences in two slots as 
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 and the separation of cyclic shift the reference signal used as 
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, then the multiplexing capacity of PUCCH format 3 is 
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. If the high layer configured parameter 
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 is set to 2 (the most typical scenario), the multiplexing capacity will be determined by 
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. Based on the analysis in section 2, we will have 
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 for normal format and 
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 for shortened format. And the time domain orthogonal sequence could be DFT based sequence for 
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6. Conclusions 
In this contribution, we show our views on the details of PUCCH format 3. In conclusion, we suggest:

· The structure shown in Figure 1 is adopted as the Data-RS structure for PUCCH format 3. 
· the (32, O) RM code with circular rate matching into 48 coded bits and TBCC are used as the channel coding for PUCCH format 3 for small and large payload respectively.
· The frequency position of PUCCH format 3 should be located between PUCCH format 2/2a/2b and mixed RB/PUCCH format 1/1a/1b or between mixed RB and PUCCH format 1/1a/1b.
· Use DFT based sequence or Walsh sequence as the orthogonal sequence.
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Annex
Table 1 Simulation parameters
	Parameters
	Assumptions

	Carrier frequency
	2.0GHz

	System BW
	5MHz 

	Channel model
	TU

	UE speed
	30km/h, 120km/h, 250km/h, 350km/h

	CP configuration
	Normal CP, Extended CP

	Number of UEs in one RB
	5 for normal format, 4 for shortened format

	Orthogonal sequence
	DFT sequence with length 5, Walsh code with length 4

	Number of Tx/Rx antennas
	1Tx-2Rx 

	RX antenna correlation
	uncorrelated

	Channel estimation
	Practical

	Noise estimation
	Ideal

	Signal bandwidth
	180kHz

	ACK/NACK bits
	6 bits

	slot-level hopping
	ON
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In normal CP, the candidates of Data-RS structure for comparison are shown in Figure 4 and the corresponding performance comparison is shown in Figure 5.
From the simulation results, we observe that the performance of all RS Formats is similar in low to medium UE speed (not higher than 250km/h). And as the UE speed increases, the performance of RS Format 3 and 4 decreases accordingly. There is about 0.5-1.5dB performance gap between RS Format 3/4 and Format 1/2/5. For RS format 3/4, the RS symbols are located continuously while for RS Format 1/2/5, the RS symbols are scattered over one slot. And comparing RS Format 1/2 and 5, the multiplexing capacity is 5 and 4 for RS Format 1/2 and RS Format 5 respectively when the multiplexing capacity is determined by the length of time domain OCC. Therefore, RS Format 1 or 2 is more preferable over RS Format 5 from the multiplexing capacity point of view. 
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RS Format-1
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RS Format-2
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RS Format-3
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RS Format-4
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Figure 4 Candidate RS structures for comparison in Normal CP
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Figure 5 Simulation results for different RS structures in different UE speed
In Extended CP, the candidates of Data-RS structure for comparison are shown in Figure 6 and the corresponding performance comparison is shown in Figure 7
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Figure 6 Candidate RS structures for comparison in Extended CP
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Figure 7 Simulation results for different RS structures in different UE speed
From the simulation results we observe that RS Format-1 outperforms RS Format-2 by 1~2dB in different UE speed. But it also should be noted that the multiplexing capacity of RS Format 2 is 25% more than RS format 1. And considering the consistency with normal CP, including the multiplexing capacity, the orthogonal sequence used for normal format and shortened format, we think RS format 2 is better. 
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