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1. Overall description
There have been a lot of agreements in the last meeting related to PUCCH index and hopping. However, due to the hasty decision [1]-[3], some modifications and changes to the previous agreements seem to be inevitable, and some issues are left to be resolved. Considering them, we would like to address here channelization index of punctured PUCCH format that haven’t been taken into account so far.
2. Orthogonal Sequences in Punctured PUCCH format
In punctured ACK/NAK format, one SC-FDMA symbol over which Sounding RS is to be transmitted will be punctured when a certain UE transmits its Sounding RS at the same sub-frame time as ACK/NACK. This impacts the length of the ACK/NACK orthogonal cover sequence which is used to define ACK/NACK channelization index. For instance if the last one symbol in a subframe is punctured in case of normal CP, the length of orthogonal cover sequence is reduced from 4 to 3 in the data part of ACK/NACK in the 2nd slot , entailing the necessity of new orthogonal cover sequence with length of 3. However, since DFT sequence with length of 3 have already been defined in the TS36.211 [1], additional sequence for time-domain orthogonal sequence needs not be introduced. So we propose to reuse the DFT sequences in section 5.5.2.2.1 of TS 36.211 v8.2.0 for the purpose of punctured ACK/NACK [1]. We here show one example in the table below. The order of sequence index 0, 1 and 2 may be changed, but there is no impact on the performance.
----------------------------------------------------------------------------------------------------------------------
Table 5.4.1-2: Orthogonal sequences 
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----------------------------------------------------------------------------------------------------------------------
In addition, it is desirable that the description of orthogonal sequence to be used in reference signal part of ACK/NACK is added to make the current version of specification complete. For example, following description may be applicable to the specification.
------------------------------------------------------------------------------------------------------------------------------------

“The orthogonal sequences 
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for the punctured PUCCH format 1, 1a and 1b are used in the same sequences as shown in Table 5.5.2.2.1-2”
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3. Un-necessity of Staggering in Punctured PUCCH format
As described before, the punctured format uses only 3 symbols for ACK/NACK data transmission in the presence of Sounding RS at the same subframe. So the orthogonal covering (OC) sequence for punctured format should be defined as the same sequence as the OC sequence for ACK/NACK RS part captured rather than to introduce new OC sequence of length 3 redundantly. 
Recalling the past discussion on ACK/NACK channelization index, the staggering pattern of channelization index was introduced and adopted for the purpose of mitigating the inter-sequence interference because Walsh OC sequences of length 4 have imbalanced interference among them especially in high-speed UE. However this staggering pattern would rather cause a derivative problem in case of mixture of ACK/NACK and CQI in the same RB. That is to say, one index (‘X’ mark in Table 1) should be got rid of from the index table below even though guard CS (agreed in the last meeting) is used for interference protection. This index could have been saved if non-staggering pattern were used in case of mixed RB as illustrated in Table 2. Looking into the number of available OC indices in Table 1 and Table 2, non-staggering pattern provides one more index compared to staggering pattern. Therefore, the usage of staggering pattern in case of mixed RB entails an apparent trade-off between ACK/NACK performance in high speed and efficiency in index management. In some cases, it might not be necessary to adopt staggering pattern at least in case of mixed RB, even though this is not in line with current agreement. These are shown in Table1 and Table 2.
Table 1:
 ACK/NACK Channelization index in mixed RB in case of Staggering pattern
	Cell specific 

cyclic shift offset 
	RS orthogonal cover
	
	ACK/NACK orthogonal cover

	offset=1
	offset=0
	OCindex=0
	OCindex=1
	OCindex=2
	
	OCindex=0
	OCindex=1
	OCindex=2

	CSindex=1
	CSindex=0
	k=0
	
	5
	
	k=0
	
	5

	2
	1
	
	3
	
	
	
	3
	

	3
	2
	1
	
	6
	
	1
	
	6

	4
	3
	
	4
	
	
	
	4
	

	5
	4
	2
	
	7
	
	2
	
	7

	6
	5
	
	X
	
	
	
	X
	

	7
	6
	
	
	

	8
	7
	
	
	

	9
	8
	
	
	

	10
	9
	
	
	

	11
	10
	
	
	

	0
	11
	
	
	
	
	
	
	


Table 2:
 ACK/NACK Channelization index in mixed RB in case of Non-Staggering pattern
	Cell specific 

cyclic shift offset 
	RS orthogonal cover
	
	ACK/NACK orthogonal cover

	offset=1
	offset=0
	OCindex=0
	OCindex=1
	OCindex=2
	
	OCindex=0
	OCindex=1
	OCindex=2

	CSindex=1
	CSindex=0
	k=0
	3
	6
	
	k=0
	3
	6

	2
	1
	
	
	
	
	
	
	

	3
	2
	1
	4
	7
	
	1
	4
	7

	4
	3
	
	
	
	
	
	
	

	5
	4
	2
	5
	8
	
	2
	5
	8

	6
	5
	
	
	
	
	
	
	

	7
	6
	
	
	

	8
	7
	
	
	

	9
	8
	
	
	

	10
	9
	
	
	

	11
	10
	
	
	

	0
	11
	
	
	
	
	
	
	


Moreover, in case of shortened ACK/NACK format, the necessity of staggering pales further if ACK/NACK data parts are agreed to be covered by DFT sequences of length 3 currently defined for RS OC sequences because the amount of inter-sequence interference among 3 sequences are perfectly equivalent irrespective of sequence pairing. Hence we don’t necessarily have to stick to staggering pattern to minimize the interference caused by neighboring sequence. On the contrary, non-staggering pattern would rather give better performance thanks to reduced interference among neighboring CS sequences in case of DFT sequences. Table 3 shows a set of possible slot configurations with/without staggering index pattern particularly depending on whether to use punctured ACK/NACK structure or not. In the Table, the configuration#1 uses non-staggering index only in the punctured 1st slot, while the configuration#2 uses non-staggering index in both slots. As indicated in Table 3, non-staggering pattern is proposed in case of punctured ACK/NACK format since there is little advantage of resorting to staggering pattern management. 
Table 3: Possible examples of PUCCH Channelization Index Configuration
	PUCCH Structure
	PUCCH RB Usage Type
	Cyclic Prefix Type
	Parts
	#Symbols
	Staggering (S) /Non-staggering (NS)

	
	
	
	
	
	Configuration #1
	Configuration #2

	
	
	
	
	
	1st slot
	2nd slot
	1st slot
	2nd slot

	Non-punctured ACK/NAK
	A/N only RB
	Normal CP
	RS
	3
	S
	S
	S
	S

	
	
	
	Data
	4
	S
	S
	S
	S

	
	
	Extended CP
	RS
	2
	S
	S
	S
	S

	
	
	
	Data
	4
	S
	S
	S
	S

	
	A/N +CQI RB
(mixed)
	Normal CP
	RS
	3
	S
	S
	S
	S

	
	
	
	Data
	4
	S
	S
	S
	S

	
	
	Extended CP
	RS
	2
	S
	S
	S
	S

	
	
	
	Data
	4
	S
	S
	S
	S

	Punctured ACK/NAK
	A/N only RB
	Normal CP
	RS
	3
	NS
	S
	NS
	NS

	
	
	
	Data
	3
	NS
	S
	NS
	NS

	
	
	Extended CP
	RS
	2
	NS
	S
	NS
	NS

	
	
	
	Data
	3
	NS
	S
	NS
	NS

	
	A/N +CQI RB
(mixed)
	Normal CP
	RS
	3
	NS
	S
	NS
	NS

	
	
	
	Data
	3
	NS
	S
	NS
	NS

	
	
	Extended CP
	RS
	2
	NS
	S
	NS
	NS

	
	
	
	Data
	3
	NS
	S
	NS
	NS


In addition, if the usage of non-staggering index pattern can be agreed in case of mixed RB, it is further proposed that CQI Δshift be the same as ACK/NACK Δshift in order to make index management in mixed RB case more easier. One exemplary index allocation with proposed modification is given in Table 4 where Δshift for ACK/NACK is 2 and the CQI index is assigned every other CS just like ACK/NACK Δshift. As shown in Table 4, Guard CS is generated automatically exempting the necessity of artificial Guard CS insertion, which is pre-requisite for staggered pattern application. In addition, OC index removed from staggering pattern application can be restored naturally in case of non-staggered pattern application.
Table 4:
 CQI Δshift = ACK/NACK Δshift in case of Non-Staggering pattern
	Cell specific 

cyclic shift offset 
	RS orthogonal cover
	
	ACK/NACK orthogonal cover

	offset=1
	offset=0
	OCindex=0
	OCindex=1
	OCindex=2
	
	OCindex=0
	OCindex=1
	OCindex=2

	CSindex=1
	CSindex=0
	k=0
	3
	6
	
	k=0
	3
	6

	2
	1
	
	
	
	
	
	
	

	3
	2
	1
	4
	7
	
	1
	4
	7

	4
	3
	
	
	
	
	
	
	

	5
	4
	2
	5
	8
	
	2
	5
	8

	6
	5
	
	
	
	
	
	
	

	7
	6
	CQI#1
	
	CQI#1

	8
	7
	
	
	

	9
	8
	CQI#2
	
	CQI#2

	10
	9
	
	
	

	11
	10
	CQI#3
	
	CQI#3

	0
	11
	
	
	


4. Conclusion
In this contribution, further deliberations are given for some remaining issues on the channelization for punctured PUCCH format together with our suggestion on the remaining issues. The main ideas of our proposal can be summarized as follows.
· Orthogonal Cover sequences for punctured PUCCH format should be defined clearly
· DFT sequences with length of 3 symbols currently defined for RS part should be re-utilized for data parts in case of shortened ACK/NACK

· Non-staggering index pattern should be applicable at least in the punctured PUCCH structure
· Even for the normal PUCCH structure, utilization of non-staggering index pattern is worthy of positive consideration if applied for the mixed RB case
· CQI Δshift = ACK/NACK Δshift is desirable 
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