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1 Introduction
An extension scheme of Rel-8 PUCCH Mode 2-1 was brought forward in RAN1#62b[1] and was adopted by LTE Rel-10[2]. Some contributions proposed more detailed discussion on the scheme [3]

 REF _Ref300906262 \r \h 
[4]

 REF _Ref300906263 \r \h 
[5]

 REF _Ref300906264 \r \h 
[6][7]. Contribution [3] pointed out that an error in PTI would result in inconsistent assumptions on the feedback content for the whole RI period. We think the protection of PTI should be important. PTI is even more important than RI. In this contribution we discussed the importance and protection of PTI in PUCCH Mode 2-1. The order of PTI /RI in the joint coding of PTI and RI is focused. It is proposed to locate PTI in the front of RI in the joint coding of PTI and RI. The simulation results demontrate that this scheme helps to protect PTI. 
2 The Importance of PTI over RI
In general, RI needs strong protection for RI is important to the system. In fact, PTI  is more important than RI in PUCCH 2-1. The following figures illustrate the reporting offsets are quite different for PTI=0 or 1. If PTI get wrong, the following WB, W1/W2 will be totally incorrect. However, if the RI gets wrong, code book still can be used. Then, the CQI can further adjust in the following few sub-frame. In this sense, system is more robust to RI error. Another specific example: if UE report PTI = 0 and eNodeB decode it as 1, it will cause all i1 reporting opportunity lost, and the following PTI=1 cycles will be missed.
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                                            Fig.1 Feedback structure for PTI = 0[7]
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                       Fig.2 Feedback structure for PTI = 1[7]
3 The Protection of PTI 

The current version of 212 puts PTI after RI into joint coding, as shown by Table 1. Table 1 is named as table 5.2.3.3.2-4A in 3GPP TS 36.212 V10.2.0. 
Table 1  UCI fields for joint report of RI and PTI for transmission mode 9 [2]
	Field
	Bit width

	
	2 antenna ports
	4 antenna ports
	8 antenna ports

	
	
	Max 2 layers
	Max 4 layers
	Max 2 layers
	Max 4 layers
	Max 8 layers

	Rank indication
	1
	1
	2
	1
	2
	3

	Precoder type indication
	-
	-
	-
	1
	1
	1


The channel quality information is coded using a (20, A) code. The code words of the (20, A) code are a linear combination of the 13 basis sequences denoted Mi,n and defined in Table 2. Table 2 is named as table 5.2.3.3-1 in 3GPP TS 36.212 V10.2.0. The channel quality bits input to the channel coding block are denoted by  
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 where A is the number of bits. After encoding the bits are denoted by 
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 where i = 0, 1, 2, …, B-1. [2]
Due to the property of (20, A) coding and  the first basis sequence Mi,0 is a vector of ones, the first 1 bit 
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 gets better protection, especially in case of small code length. And it seems better to reverse the current order of PTI and RI to achieve better BER for PTI, since the PTI will determine the reporting contents/offsets in the following reporting cycle and is quite important than RI. 
Table 2: Basis sequences for (20, A) code [2]
	i
	Mi,0
	Mi,1
	Mi,2
	Mi,3
	Mi,4
	Mi,5
	Mi,6
	Mi,7
	Mi,8
	Mi,9
	Mi,10
	Mi,11
	Mi,12

	0
	1
	1
	0
	0
	0
	0
	0
	0
	0
	0
	1
	1
	0

	1
	1
	1
	1
	0
	0
	0
	0
	0
	0
	1
	1
	1
	0

	2
	1
	0
	0
	1
	0
	0
	1
	0
	1
	1
	1
	1
	1

	3
	1
	0
	1
	1
	0
	0
	0
	0
	1
	0
	1
	1
	1

	4
	1
	1
	1
	1
	0
	0
	0
	1
	0
	0
	1
	1
	1

	5
	1
	1
	0
	0
	1
	0
	1
	1
	1
	0
	1
	1
	1

	6
	1
	0
	1
	0
	1
	0
	1
	0
	1
	1
	1
	1
	1

	7
	1
	0
	0
	1
	1
	0
	0
	1
	1
	0
	1
	1
	1

	8
	1
	1
	0
	1
	1
	0
	0
	1
	0
	1
	1
	1
	1

	9
	1
	0
	1
	1
	1
	0
	1
	0
	0
	1
	1
	1
	1

	10
	1
	0
	1
	0
	0
	1
	1
	1
	0
	1
	1
	1
	1

	11
	1
	1
	1
	0
	0
	1
	1
	0
	1
	0
	1
	1
	1

	12
	1
	0
	0
	1
	0
	1
	0
	1
	1
	1
	1
	1
	1

	13
	1
	1
	0
	1
	0
	1
	0
	1
	0
	1
	1
	1
	1

	14
	1
	0
	0
	0
	1
	1
	0
	1
	0
	0
	1
	0
	1

	15
	1
	1
	0
	0
	1
	1
	1
	1
	0
	1
	1
	0
	1

	16
	1
	1
	1
	0
	1
	1
	1
	0
	0
	1
	0
	1
	1

	17
	1
	0
	0
	1
	1
	1
	0
	0
	1
	0
	0
	1
	1

	18
	1
	1
	0
	1
	1
	1
	1
	1
	0
	0
	0
	0
	0

	19
	1
	0
	0
	0
	0
	1
	1
	0
	0
	0
	0
	0
	0


According to the above discussion,  table 1 should be altered as table 3.
Table 3  UCI fields for joint report of RI and PTI for transmission mode 9

	Field
	Bit width

	
	2 antenna ports
	4 antenna ports
	8 antenna ports

	
	
	Max 2 layers
	Max 4 layers
	Max 2 layers
	Max 4 layers
	Max 8 layers

	Precoder type indication
	-
	-
	-
	1
	1
	1

	Rank indication
	1
	1
	2
	1
	2
	3


4 Simulation Results
In the joint report of RI and PTI in PUCCH 2-1, PTI should be located in the front of RI in the bit sequence. It is because that PTI is more important than RI. For the common senarios are the senarios with 4 received antennas or 2 received antennas and the overload of PTI is 1bit, the joint code length of PTI and RI is usually 3bit or 2bit. 

When PTI is located in the front of RI in the bit sequence and the length of the bit sequence is 2—3bit, BER of PTI can become much smaller because that the first basis sequences for used (20, A) code is a vector of ones. The first bit of the bit sequence can be protected most strongly in all bits, and the overload of PTI is just 1 bit. Some simulation results appended also show the better performance with the proposed change.
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As shown in Fig.3 and Fig.4, when PTI is located in the front of RI in the bit sequence, the BER of PTI becomes smaller. Though the ER of RI will become bigger when PTI is located in the front of RI in the bit sequence, PTI is more important than RI in reality based on above analysis. so It is worthy of recommendation that PTI is located in front of RI.
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As shown in Fig.5 and Fig.6, PTI in front of RI helps to decrease the probability of the event with wrong PTI and correct RI.
5 Conclusion
In the joint report of RI and PTI in PUCCH 2-1, scheduler is more vulnerable to PTI misdetection than that for RI. Misdetecting PTI will cause the total misunderstanding of all reporting instances of following cycle. If fixed 1 bit PTI is joint coded before RI in the bit sequence and the length of the bit sequence is 2—3bit, BER of PTI can be reduced because that the first basis sequences for used (20, A) code is a vector of ones. The first bit of the sequence can be better protected among all bits. 
Our propose is to reverse the order of PTI /RI in Table 5.2.3.3.2-4A of 3GPP TS 36.212 V10.2.0. This change has no any impact on other aspect in Rel-10.
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Appendix
Table.A1 Simulation Assumptions
	Parameter
	Assumption

	Bandwidth
	5MHz

	CP Length
	Normal

	Number of transmit antennas
	1

	Number of received antennas
	2

	Modulation
	QPSK

	Channel model
	TU

	UE speed
	3km/h

	Channel estimation
	Realistic
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                      Fig.3 PTI BER/RI BLER when the joint code length of PTI and RI is 3bit 
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          Fig.5 Probability statistics of  4 events when the joint code length of PTI and RI is 3bit
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             Fig.4 PTI BER/RI BER when the joint code length of PTI and RI is 2bit
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   Fig.6 Probability statistics of  2 events when the joint code length of PTI and RI is 2bit
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