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1 Introduction

In this contribution, we propose designs for UL ACK/NACK channel structures depending on the CP length in uplink transmissions and the assumed maximum delay spread in the channel and time error at the eNB. The design issue is mainly which combinations of cyclic shifts and orthogonal covers are allocated to the ACK/NACK channels. Three different structures are presented for the following cases:

· Normal CP case with 18 ACK/NACK channels per RB

· Extended CP case with 8 ACK/NACK channels per RB

· Normal CP case with 36 ACK/NACK channels per RB (FFS)

The employed structure in the cell will be mainly decided by the CP length and if the third case above is also allowed, the eNB could select between the 1st and 3rd structures for the normal CP case, considering the multiplexing capacity and performance trade-off. Although the structure of 36 ACK/NACK channels per RB may be preferable in cells where the channel experienced by each UE is not very frequency selective (e.g. indoor environments) or in cells with a small number of high speed UEs as it doubles the ACK/NACK multiplexing capacity. But the additional performance degradation due to the timing errors, near-far effects and filter spillover should be seriously considered for the feasibility of the structure as evaluated in [5].
2 Cyclic shift and orthogonal cover allocation

The ACK/NACK channel structures presented in this section are for providing the appropriately robust design for each case of the CP length. In addition to considering the channel delay spread and possible time errors, giving protection against high mobility UEs is also an important issue in the design.  Results in [2] have shown which cyclic shift and Walsh orthogonal cover combinations for ACK/NACK channels give the best performance by reducing interference between ACK/NACK channels in the same RB. In this regard, Table 1 proposed in [1] was agreed in the Shanghai meeting, though the notation is different in [1]. 
	
	Code ‘A’ (Best)
	Code ‘B’ 

(2nd)
	Code ‘C’ 
(3rd)

	Subset 0

{W0, W1, W2}
	W1
	W2
	W0

	Subset 1

{W0, W1, W3}
	W0
	W3
	W1

	Subset 2

{W0, W2, W3}
	W3
	W0
	W2

	Subset 3

{W1, W2, W3}
	W2
	W1
	W3


Table 1: Best and worst sequences in terms of cross-interference in subsets of three length-4 Walsh codes
The Walsh sequences in Table 1 are shown in Table 2 below. The relation between the sequence index and pattern is as defined in TS 36.211 [4].
	Sequence index
	Sequence pattern
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Table 2: Length-4 Walsh sequences for ACK/NACK orthogonal covering
It was shown in [2] that for a given subset of three Walsh sequences, there is a best code giving the smallest cross-interference to the other two Walsh codes in high mobility cases, denoted as Code ‘A’ in Table 1. This is due to the fact that Code ‘A’ achieves length-2 orthogonality with the other sequences in a given subset. This property is exploited in the ACK/NACK channel designs in the subsequent sections.
Table 3 below captures the length-3 DFT sequences defined in TS 36.211 [4], which are used for the RS and shortened ACK/NACK orthogonal covering. 
	Sequence index
	Sequence pattern
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Table 3: Length-3 DFT sequences for RS and shortened ACK/NACK orthogonal covering
Normal CP case: 18 ACK/NACKs per RB
Table 2 shows the cyclic shift and Walsh code allocation for ACK/NACK channels for the normal CP case, resulting to 18 ACK/NACK channels per RB as agreed in the Shanghai meeting. This structure may be adopted in most urban cell deployment scenarios. 
	
	ACK/NACK orthogonal cover
	RS orthogonal cover 

	Cyclic shift value
	Code ‘A’ of Subset ‘i’
(or D0)
	Code ‘C’ of Subset ‘i'
(or D2)
	Code ‘B’ of Subset ‘i'
(or D1)
	D0
	D2
	D1

	0
	ACK/NACK channel #0
	
	#12
	#0
	
	#12

	1
	
	#6
	
	
	#6
	

	2
	#1
	
	#13
	#1
	
	#13

	3
	
	#7
	
	
	#7
	

	4
	#2
	
	#14
	#2
	
	#14

	5
	
	#8
	
	
	#8
	

	6
	#3
	
	#15
	#3
	
	#15

	7
	
	#9
	
	
	#9
	

	8
	#4
	
	#16
	#4
	
	#16

	9
	
	#10
	
	
	#10
	

	10
	#5
	
	#17
	#5
	
	#17

	11
	
	#11
	
	
	#11
	


Table 4: OC and CS allocation for the case of normal CP with 18 ACK/NACK channels per RB
In Table 4, it is noted that in case that one ACK/NACK symbol is punctured within a slot due to SRS, the Fourier sequences {D0, D1, D2} of length-3 are used as orthogonal covers for ACK/NACK symbols instead of the Walsh codes, as it is done for the RS symbols. Otherwise, the length-4 Walsh codes are used as ACK/NACK orthogonal covers according to the Code categorization given in Table 1. The channel index assignment for the ACK/NACK channels in Table 4 is just for illustration purposes. The important thing is which combinations of cyclic shifts and orthogonal covers are allocated for ACK/NACK channels in the normal CP case. It should be noted that the mapping between the ACK/NACK channel index and the cyclic shift/orthogonal cover combination can change slot-by-slot [3] or even symbol-by-symbol in accordance with the RAN1 decisions on the code hopping operations. Also, different orthogonal cover subset can be used between slots, in other words, the subset index ‘i’ can be different slot by slot.
The staggered structure shown in Table 4 reduces the intra-cell interference between the ACK/NACK channels using the same cyclic shift, compared to the case that all three orthogonal covers are used for the same cyclic shift. It was shown in [2] that the proposed structure outperforms non-optimized code allocation cases. The basic design rationale is that since Code ‘A’ gives the smallest cross-interference to the other sequences as evaluated in [1], ACK/NACK channels using Code ‘A’ are placed on the cyclic shift where multiple ACK/NACK channels are transmitted. On the other hand, Code ‘B’ and Code ‘C’ give the largest mutual cross-interference in high mobility cases as shown in [2], and thus are combined with different cyclic shifts between each other. Specifically, Code ‘C’ is combined with cyclic shifts where only a single ACK/NACK channel is transmitted in the design of Table 2.
For illustration purposes, we assumed that all 12 cyclic shifts are used in an RB. However, depending on the placement of other PUCCHs and depending on the required ACK/NACK resource amount in each of the PUCCH RBs, only a part of cyclic shifts within an RB can be used for ACK/NACK channels. For instance, 8 cyclic shifts within an RB are used for ACK/NACK and the remaining 4 cyclic shifts may be used for CQI. 
Extended CP case: 8 ACK/NACK per RB
The structure shown in Table 5 is for the cases of very large delay spread (UEs in the cell experience severe frequency selective fading). Thus, the extended CP format is assumed to be employed in uplink transmissions. Note that for the extended CP format, the length-2 DFT sequences are used for the orthogonal covering. It can be seen in Table 5 that only one orthogonal cover is used for each of the cyclic shift values and different orthogonal covers are used between adjacent cyclic shifts. In total, 8 ACK/NACK channels can be supported within an RB. Note that the length-2 orthogonality is satisfied by using Code ‘A’ and ‘C’, which is equivalent to employing the length-2 Walsh codes, making the structure robust even for high speed UEs.

	
	ACK/NACK orthogonal cover
	RS orthogonal cover

	Cyclic shift value
	Code ‘A’ of Subset ‘i'
(or D0)
	Code ‘C’ of Subset ‘i'
(or D2)
	[+1 +1]
	[+1 -1]

	0
	#0
	
	#0
	

	1
	
	#4
	
	#4

	2
	
	
	
	

	3
	#1
	
	#1
	

	4
	
	#5
	
	#5

	5
	
	
	
	

	6
	#2
	
	#2
	

	7
	
	#6
	
	#6

	8
	
	
	
	

	9
	#3
	
	#3
	

	10
	
	#7
	
	#7

	11
	
	
	
	


Table 5: OC and CS allocation for the case of extended CP with 8 ACK/NACK channels per RB
Normal CP case with 36 UEs in an RB (FFS)
The structure shown in Table 6 is for the case that all 12 cyclic shifts and all 3 orthogonal covers for each of the cyclic shifts are used in the normal CP case. This configuration is preferable in cells where the channel experienced by each UE is not very frequency selective. Then, the multiplexing capacity can be doubled compared to the one in Table 4 and 36 ACK/NACK channels are supportable per RB. However, it needs further investigation on whether the configuration can be supported while achieving the desired ACK/NACK BER targets under realistic scenarios where the effects of filter spill-over and timing errors are considered as well as the impact of near-far effects.
	
	ACK/NACK orthogonal cover
	RS orthogonal cover

	Cyclic shift value
	Code ‘A’ of Subset ‘i'
(or D0)
	Code ‘C’ of Subset ‘i'
(or D2)
	Code ‘B’ of Subset ‘i'
(or D1)
	D0
	D2
	D1

	0
	#0
	#12
	#24
	#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


Table 6: OC and CS allocation for the case of the 1-sample cyclic shift separation with normal CP
3 Conclusion

In this contribution, we proposed cyclic shift and orthogonal cover allocations for ACK/NACK channels for the cases of normal CP and extended CP in uplink transmissions, respectively. We propose to include the configurations shown in Tables 4 and 5 into TS 36.211 along with Table 1. Whether to support the structure of 36 ACK/NACK channels per RB in the specification is FFS.
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