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1. Overall description
In last meeting at Sevilla, joint proposal in [1] on ACK/NACK channelization index and the corresponding number of ACK/NACK index for normal CP and extended CP, including index generation formula, was agreed upon. In this contribution, we extend this structure to the case of ACK/NACK shared by CQI in the same RB. Also, exact definition of channelization index in shortened ACK/NACK structure was addressed in the same case as general ACK/NACK structure.  
2. ACK/NACK channelization index
For a dedicated RB for ACK/NACK transmission, ACK/NACK channelization index is defined as Table 1, (refer to [1] for the equation and further details). As shown in Table 1, the staggering index pattern and the concept of orthogonal set (in case of ACK/NACK data part only, SF4) was agreed in order to mitigate inter-sequence interference among the indices determined by both orthogonal cover sequences and cyclic shift sequences, i.e. sequence combos.
Table 1:
 Resource allocation for the case of 18 ACK/NACK channels with normal CP
	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
	
	12
	
	k=0
	
	12

	2
	1
	
	6
	
	
	
	6
	

	3
	2
	1
	
	13
	
	1
	
	13

	4
	3
	
	7
	
	
	
	7
	

	5
	4
	2
	
	14
	
	2
	
	14

	6
	5
	
	8
	
	
	
	8
	

	7
	6
	3
	
	15
	
	3
	
	15

	8
	7
	
	9
	
	
	
	9
	

	9
	8
	4
	
	16
	
	4
	
	16

	10
	9
	
	10
	
	
	
	10
	

	11
	10
	5
	
	17
	
	5
	
	17

	0
	11
	
	11
	
	
	
	11
	


In addition to the decisions agreed upon, we propose to define the index of ACK/NACK in case that ACK/NACK and CQI coexists. For the purpose of illustration, an example allocation of ACK/NACK and CQI index is shown in Table 2. This table is easily formulated by modifying/adding some variables. Since ACK/NACK index ‘7’ in Table 2 may cause inter-index interference, it would rather not use that one. For example, if k=0~K, K=11, CS shift=2 and 2 CQI channels, it is desirable that the index (K+1)/2+1= 7 be not used for CCE-to-ACK/NACK mapping. This problem can be resolved in other ways if the index needs to be taken out.   
Table 2:
 Resource allocation for the case of 12 ACK/NACK, 2 CQI channels with normal CP
	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
	
	8
	
	k=0
	
	8

	2
	1
	
	4
	
	
	
	4
	

	3
	2
	1
	
	9
	
	1
	
	9

	4
	3
	
	5
	
	
	
	5
	

	5
	4
	2
	
	10
	
	2
	
	10

	6
	5
	
	6
	
	
	
	6
	

	7
	6
	3
	
	11
	
	3
	
	11

	8
	7
	
	7
	
	
	
	7
	

	9
	8
	CQI0
	
	CQI0

	10
	9
	
	
	

	11
	10
	CQI1
	
	CQI1

	0
	11
	
	
	


Regarding the CQI index, the value of Δshift between neighboring CQI indices should be naturally the same value as that of ACK/NACK index, even though the value might decrease provided that channel environment or cell radius is taken into account. 
Another way of CQI indexing method is described in Table 3. CQI index is started from the last CS index in decreasing order (i.e. 11 ( 9). But if PUCCH hopping is applied to ACK/NACK and CQI index both, the same problem in other index number will be incurred. In the end, this example is not much different from that of the Table 2. 
Table 3:
 Resource allocation for the case of 12 ACK/NACK, 2 CQI channels with normal CP
	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
	
	8
	
	k=0
	
	8

	2
	1
	
	4
	
	
	
	4
	

	3
	2
	1
	
	9
	
	1
	
	9

	4
	3
	
	5
	
	
	
	5
	

	5
	4
	2
	
	10
	
	2
	
	10

	6
	5
	
	6
	
	
	
	6
	

	7
	6
	3
	
	11
	
	3
	
	11

	8
	7
	
	7
	
	
	
	7
	

	9
	8
	
	
	

	10
	9
	CQI1 (CQI0)
	
	CQI1 (CQI0)

	11
	10
	
	
	

	0
	11
	CQI0 (CQI1)
	
	CQI0 (CQI1)


Basically, this problem can be resolved to some extent if the index range used for PUCCH hopping are restricted within CSindex= 0~7 (offset=0) for ACK/NACK, CSindex= 8~11 (offset=0) for CQI in the example in Table 2 or 3. The CQI index in the shared RB should be assigned consecutively by unit of Δshift interval, e.g. select index 8, 10 among index 8, 9, 10 and 11 in Table 2 or index 9, 11 among index 8, 9, 10 and 11 in Table 3, so the inter-sequence interference issued is mitigated when ACK/NACK and CQI hopping is enabled concurrently in the same RB.

Meanwhile, ACK/NACK indexing over multiple RB should be of course considered, but we don’t need to have another equation for index generation, that is, one generalized ACK/NACK index formula per RB is enough if we just add one dimension to point to each RB, i.e. [RB(i), AN(j)]. If 2RB and Δshift =2 is set for ACK/NACK, the exact ACK/NACK index becomes [RB(0) or RB(1), AN(0)~AN(17)] which can be easily calculated from the figure given by pre-defined CCE-ACK/NACK mapping rule. If the figure from the mapping rule is 21, the ACK/NACK resource index will be [floor (21/18), mod (21, 18)] = [1, 3], which means RB(0) and ACK/NACK(3) respectively. Consequently, we don’t need to define different equation to support such an index in multiple RB allocation. This makes the spec. description simple and easy as well.
3. ACK/NACK channelization index considering shortened format
In the latest meeting, it was agreed that the ACK/NACK shortened format is applied when ACK/NACK and SRS should be transmitted simultaneously at the same subframe. This format is defined to use only 3 symbols for ACK/NACK data transmission in the presence of Sounding RS at the same subframe. So we think the orthogonal covering (OC) sequence in time domain should be defined as the same sequence as the OC sequence for ACK/NACK RS part captured in [1][2] rather than to introduce OC sequence of length 3 redundantly. The OC RS sequence in [1][2] has a property of balanced inter-sequence interference, then we don’t necessarily have to use staggering pattern to minimize the interference caused by neighboring sequence, rather non-staggering pattern would give better the performance thank to reduced interference. Then, we hope that non-staggering index pattern is used at least for the SF3 slot in shortened format structure that includes Sounding Reference Symbol. For example, if SRS is transmitted over first symbol, it is desirable that non-staggering pattern for 1st slot and staggering pattern for 2nd slot are applied for ACK/NACK channelization index generation.
4. Conclusion
We summarize our conclusions:
· For ACK/NACK dedicated RB,
· Current equation can generate only the index related in dedicated RB, that is, it is not general formula.
· For ACK/NACK+CQI in the same RB,

· General formula is required for ACK/NACK and CQI RB including ACK/NACK dedicated RB
· ACK/NACK and CQI indexing is desirable to be defined as in Table [2] or [3]. 

· Same cyclic shift difference (Δshift) between neighboring index for ACK/NACK and CQI is applied.
· CQI indexing is FFS (or not spec. issue).

· In shortened ACK/NACK structure, 

· Same formula can be applied.

· Non-staggering index pattern is desirable at least in the corresponding slot (1st or 2nd slot)

· The OC sequence in the draft spec [2] is re-used for new format.
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