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1. Introduction
In the Shanghai meeting, the uplink ACK/NACK channelization proposal in [1] was agreed upon. The proposal presented the structure for allocating UL ACK/NACK channel resources, which are cyclic shifts of a computer generated CAZAC sequence and orthogonal covers for the block spreading, for the case that 18 ACK/NACK channels with normal CP are supported within one RB. In this contribution, we extend the structure in [1] to include designs for the following numbers of ACK/NACK channels cases which should be supported in EUTRA:

· Normal CP: 12, 18, and 36(FFS) ACK/NACK channels per RB
· Extended CP: 8, 12 ACK/NACK channels per RB
The defined cyclic shift and orthogonal cover resources will be mapped to ACK/NACK channels according to appropriate hopping patterns, by which the mapping will change per symbol or per slot. Although the hopping of ACK/NACK resources is not the scope of this contribution, the hopping patterns should also be defined. 
2. Proposals
The decision from the last Shanghai meeting, which is not yet reflected into the specifications due to lack of other related decisions, is the definition of the four sets of Walsh codes triplets, as shown in Table 1.
Table 1: ACK/NACK orthogonal cover sequences sets

	Set index
	Orthogonal cover sequence

	
	OCindex=0
	OCindex=1
	OCindex=2

	1
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The rationale behind the agreement for the partitioning in Table 1 is that for the case of 18 ACK/NACK channels per RB, the channelization structure of Table 3 combined with the orthogonal cover sequence set defined in Table 1 outperforms other designs, as shown in [2][3][4]. The orthogonal cover sequence set to be used in a given slot can be cell specific and can change per slot according to sequence hopping patterns. 
The ACK/NACK channelization structures, which vary depending on the CP length and the minimum cyclic shift separation between adjacent ACK/NACK channels with the same orthogonal cover sequences, can be represented by the formulation below which also covers the structure agreed in the Shanghai meeting. 

The k-th ACK/NACK resource for allocating an ACK/NACK channel is identified by OCindex(k) and CSindex(k), where OCindex(k) is the index of the orthogonal cover sequences applied to RS and ACK/NACK symbols of the ACK/NACK channel, respectively, and CSindex(k) is the cyclic shift value of the computer generated CAZAC sequence used for the ACK/NACK channel. Then, the ACK/NACK channel resources within an RB can be formulated as given below:
· Normal CP case
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· Extended CP case
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In the above formulas, shift and offset are cell specific values. offset is the cyclic shift offset for enabling neighboring cells to use non-overlapping resources for ACK/NACK channelization in order to reduce the inter-cell interference. shift is the cyclic shift difference between two adjacent ACK/NACK resources using the same orthogonal cover sequence and can be decided considering multipath delay spreads for the given cell deployment. For example, in a cell deployment where the channel experienced by the UEs is very frequency selective, shift = 3 can be chosen. It is also noted that the number of supportable ACK/NACK resources within one RB, i.e., ranges of k, is determined by the value of shiftandCP length. The case of shift = 1 with normal CP is FFS, considering the trade-off between the multiplexing capacity and performance. 
The orthogonal sequences applied to the RS symbols in PUCCH formats 0 and 1 are defined in TS 36.211 as shown in Table 2. 
Table 2: RS orthogonal cover sequences sets
	
	Orthogonal cover sequence

	
	OCindex=0
	OCindex=1
	OCindex=2

	Normal CP
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	Extended CP
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	N.A.


In Section 3 below, Tables 3-7 illustrate the ACK/NACK channel configurations generated by the above formulas for a given CP configuration and values of shift and offset. The proposed ACK/NACK channelization can be described by the formulas above or by Tables 3-7, resulting to the same structures.
3. Illustrations of the ACK/NACK channelization structures
3.1. Normal CP, 18 ACK/NACK resources per RB (shift = 2) 
· Usage

· This configuration may be adopted in most urban cell deployment scenarios
· Channelization
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Table 3:
 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
	


3.2. Normal CP, 12 ACK/NACK resources per RB (shift = 3) 

· Usage

· This configuration may be preferred in cells where the channel experienced by each UE is highly frequency selective, but the normal CP is employed in uplink transmissions.
· Channelization
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Table 4:
 Resource allocation for the case of 12 ACK/NACK channels with normal CP
	Cell specific 

cyclic shift offset 
	RS orthogonal cover
	
	ACK/NACK orthogonal cover

	offset=2
	offset=1
	offset=0
	OCindex=1
	OCindex=2
	OCindex=3
	
	OCindex=1
	OCindex=2
	OCindex=3

	CSindex=2
	CSindex=1
	CSindex=0
	k=0
	
	
	
	k=0
	
	

	3
	2
	1
	
	4
	
	
	
	4
	

	4
	3
	2
	
	
	8
	
	
	
	8

	5
	4
	3
	1
	
	
	
	1
	
	

	6
	5
	4
	
	5
	
	
	
	5
	

	7
	6
	5
	
	
	9
	
	
	
	9

	8
	7
	6
	2
	
	
	
	2
	
	

	9
	8
	7
	
	6
	
	
	
	6
	

	10
	9
	8
	
	
	10
	
	
	
	10

	11
	10
	9
	3
	
	
	
	3
	
	

	0
	11
	10
	
	7
	
	
	
	7
	

	1
	0
	11
	
	
	11
	
	
	
	11


3.3. Extended CP, 12 ACK/NACK resources per RB (shift = 2) 

· Usage

· This configuration may be preferred in cells where the extended CP is employed in uplink transmissions, but the performance impact on ACK/NACK due to the frequency selectivity is tolerable with shift = 2.
· Channelization
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Table 5:
 Resource allocation for the case of 12 ACK/NACK channels with extended CP
	Cell specific

cyclic shift offset
	RS orthogonal cover 
	
	ACK/NACK orthogonal cover

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

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

	2
	1
	
	6
	
	
	6

	3
	2
	1
	
	
	1
	

	4
	3
	
	7
	
	
	7

	5
	4
	2
	
	
	2
	

	6
	5
	
	8
	
	
	8

	7
	6
	3
	
	
	3
	

	8
	7
	
	9
	
	
	9

	9
	8
	4
	
	
	4
	

	10
	9
	
	10
	
	
	10

	11
	10
	5
	
	
	5
	

	0
	11
	
	11
	
	
	11


3.4. Extended CP, 8 ACK/NACK resources per RB (shift = 3) 

· Usage

· This configuration may be adopted in cells where the extended CP is employed and UEs in the cell experience severe frequency selective fading.
· Channelization
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Table 6:
 Resource allocation for the case of 8 ACK/NACK channels with extended CP
	Cell specific 

cyclic shift offset
	RS orthogonal cover
	
	ACK/NACK orthogonal cover

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

	CSindex=2
	CSindex=1
	CSindex=0
	k=0
	
	
	k=0
	

	3
	2
	1
	
	4
	
	
	4

	4
	3
	2
	
	
	
	
	

	5
	4
	3
	1
	
	
	1
	

	6
	5
	4
	
	5
	
	
	5

	7
	6
	5
	
	
	
	
	

	8
	7
	6
	2
	
	
	2
	

	9
	8
	7
	
	6
	
	
	6

	10
	9
	8
	
	
	
	
	

	11
	10
	9
	3
	
	
	3
	

	0
	11
	10
	
	7
	
	
	7

	1
	0
	11
	
	
	
	
	


3.5. Normal CP, 36 ACK/NACK resources per RB (shift = 1) (FFS)

· Usage

· This configuration can increase the multiplexing capacity per RB significantly, compared to the other configurations.
· Channelization
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Table 7:
 Resource allocation for the case of 36 ACK/NACK channels with normal CP
	
	RS orthogonal cover
	
	ACK/NACK orthogonal cover

	
	OCindex=0
	OCindex=1
	OCindex=2
	
	OCindex=0
	OCindex=1
	OCindex=2

	CSindex=0
	k=0
	12
	24
	
	k=0
	12
	24

	1
	1
	13
	25
	
	1
	13
	25

	2
	2
	14
	26
	
	2
	14
	26

	3
	3
	15
	27
	
	3
	15
	27

	4
	4
	16
	28
	
	4
	16
	28

	5
	5
	17
	29
	
	5
	17
	29

	6
	6
	18
	30
	
	6
	18
	30

	7
	7
	19
	31
	
	7
	19
	31

	8
	8
	20
	32
	
	8
	20
	32

	9
	9
	21
	33
	
	9
	21
	33

	10
	10
	22
	34
	
	10
	22
	34

	11
	11
	23
	35
	
	11
	23
	35


4. Conclusion

We propose that the UL ACK/NACK channelization formulas given in Section 2 are agreed upon and reflected into TS 36.211 along with Table 1. It is noted that Tables 3-6 are equivalent to the formulas and may be included into the specification with Table 1 instead for clearer (though may look more messy) description. 
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