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1 Introduction 
The uplink ACK/NAK channel uses CDM based multiplexing of different UE signals transmitted in the same resource block. The CDM multiplexing combines both frequency- and time-domain orthogonal codes:

-  Cyclic shifts of the Zadoff-Chu (ZC) sequence within the transmission block

-  Orthogonal covers (using e.g. DFT or Walsh-Hadamard sequences) spreading over the transmission blocks 

A sequence allocation scheme, which fully utilizes the code space, has been shown to achieve a good ACK/NAK performance for high speed UEs [1][2]. In this contribution, we further study sequence allocation for optimal performance and propose a new sequence allocation pattern for 18 UEs. Finally, we discuss sequence hopping design for intra-cell interference randomization. 
2 Sequence allocation for uplink ACK/NAK channels
The sequence allocation pattern for CDM UEs, which can work well at both low and high UE speeds, is designed with consideration of the following guidelines.
1. Minimize the maximum number of UEs that are assigned with the same cyclic shift, keeping in mind that three UEs with the same cyclic shift cannot be supported at high UE speed such as 350 km/h [5].
2. Maximize the minimum separation of cyclic shifts of UEs with the same orthogonal cover, and the minimum separation should be at least two. 
3. For ACK/NAK data part, if the same cyclic shift is allocated for two UEs, the orthogonal covers for the two UEs are chosen to be orthogonal under length-2 cross correlation.
By defining length-4 Walsh sequences as shown in Table I, the third guideline in the above implies that two UEs with the same cyclic shift should be given adjacent Walsh sequence indices; In Table I, the length-4 Walsh code is defined such that two adjacent sequence indices satisfy the following length-2 orthogonality, i.e., If 
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 (k = 0, 1, 2, 3) is a length-4 Walsh sequence with sequence index r. 
Table 1 Length-4 Walsh sequence Wr(k)
	k

r
	0
	1
	2
	3

	0
	1
	1
	1
	1

	1
	1
	-1
	1
	-1

	2
	1
	1
	-1
	-1

	3
	1
	-1
	-1
	1


Table 2 shows the proposed sequence allocation pattern for 18 UEs by [1] and [2], and Table 3 shows a modified sequence allocation pattern for the ACK/NAK information part.
	Cyclic Shift Index
	DFT Sequence Index

	
	0
	1
	2

	0
	0
	
	12

	1
	
	6
	

	2
	1
	
	13

	3
	
	7
	

	4
	2
	
	14

	5
	
	8
	

	6
	3
	
	15

	7
	
	9
	

	8
	4
	
	16

	9
	
	10
	

	10
	5
	
	17

	11
	
	11
	


Table 2 Sequence allocation for reference signals (left) and ACK/NAK information (right) (Code Alloc #1) [1][2]
	Cyclic Shift Index
	Walsh  Sequence Index

	
	0
	1
	2
	3

	0
	0
	
	
	15

	 1
	16
	4
	
	

	2
	
	
	8
	

	3
	1
	
	
	12

	4
	17
	5
	
	

	5
	
	
	9
	

	6
	2
	
	
	13

	7
	
	6
	
	

	8
	
	
	10
	

	9
	3
	
	
	14

	10
	
	7
	
	

	11
	
	
	11
	


Table 3 Modified sequence allocation for ACK/NAK information (Code Alloc #2)
	Cyclic Shift Index
	Walsh  Sequence Index

	
	0
	1
	2
	3

	0
	0
	6
	
	

	1
	
	
	
	12

	2
	
	1
	7
	

	3
	13
	
	
	

	4
	
	
	2
	8

	5
	
	14
	
	

	6
	9
	
	
	3

	7
	
	
	15
	

	8
	4
	10
	
	

	9
	
	
	
	16

	10
	
	5
	11
	

	11
	
	
	
	17


3 Simulation results

Figures 1 and 2 show the BER performances of uplink ACK/NAK for the two code allocation patterns shown in Table 2 and 3, at low (3 km/h) and high (350 km/h) UE speeds, respectively. In the figures, the average performance of 18 UEs, and the performances of the best and worst UEs for each allocation pattern are plotted for comparison. The link-level simulation parameters are listed in Table 4. 
Table 4 Link-level simulation parameters
	Parameter
	Configuration

	Carrier frequency/ System bandwidth
	2.0 GHz / 5 MHz

	Channel model
	TU-6,  No spatial correlation

	Antenna configuration
	1 Tx, 2 Rx

	UE allocation 
	18 UEs, Code allocation pattern #1 (Table 2), #2 (Table 3)

	Resource allocation/ RS structure
	12 sub-carriers per slot, 2 slots (bottom and top bands),

Three RS blocks in the middle of the slot
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One bit ACK/NAK BER, TU 3 km/h, 18 UEs

BER

SNR per Rx antenna (dB)

 Code Alloc #1 Average of 18 UEs

 Code Alloc #1 Best (UE #10)

 Code Alloc #1 Worst (UE #16, #17)



 Code Alloc #2 Average of 18 UEs

 Code Alloc #2 Best (UE #8)

 Code Alloc #2 Worst (UE #1)


Figure 1 One-bit ACK/NAK performance, TU channel, 3 km/h 
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One bit ACK/NAK BER, TU 350 km/h, 18 UEs
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Figure 2 One-bit ACK/NAK performance, TU channel, 350 km/h
From the simulation results, we observe the followings:
In Code Alloc #1, the two UEs (UE #16 and 17) having a neighbor UE with an adjacent cyclic shift show the worst performance, where the error floor starts to appears before it reaches the target BER at high UE speed. 
In Code Alloc #2, all 18 UEs show a relatively well averaged behavior, with good performances at high UE speed.
To mitigate the performance mismatch between UEs, we may introduce a UE-specific hopping at the slot boundary, where, for instance, in case of Code Alloc #1, a UE that uses resource #16 in the first slot hops to resource #10 in the second slot. 
4 Sequence hopping for uplink ACK/NAK channels
To randomize both intra- and inter-cell interference, we propose to use cyclic shift hopping and orthogonal cover hopping as summarized in the below.
· Cell-specific ZC cyclic shift hopping per symbol within the slot
- For randomization of inter-cell interference

· UE-specific ZC cyclic shift  and orthogonal cover hopping at the slot boundary 

- For randomization of intra-cell interference due to a large delay [3][6] and a high Doppler [4]
- The UE-specific hopping pattern can be common across cells.

Table 5 Code allocation for reference signal in the first (left) and second (right) slots
	Cyclic Shift Index
	DFT Sequence Index

	
	0
	1
	2

	0
	0
	
	12

	1
	
	6
	

	2
	1
	
	13

	3
	
	7
	

	4
	2
	
	14

	5
	
	8
	

	6
	3
	
	15

	7
	
	9
	

	8
	4
	
	16

	9
	
	10
	

	10
	5
	
	17

	11
	
	11
	

	Cyclic Shift Index
	DFT Sequence Index

	
	0
	1
	2

	0
	0
	
	10

	1
	
	14
	

	2
	5
	
	9

	3
	
	13
	

	4
	4
	
	8

	5
	
	12
	

	6
	3
	
	7

	7
	
	17
	

	8
	2
	
	6

	9
	
	16
	

	10
	1
	
	11

	11
	
	15
	


Table 5 shows an example of per-slot UE specific sequence hopping described in the above. To randomize the interference due to large delay [3][6], the ordering in the column direction in the second slot is reversed against the one in the first slot. In addition, to randomize the interference due to high Doppler [4], the cyclic shift indices of the UEs in each column are shifted by a constant offset, which is dependent on the column index.
5 Conclusion
In conclusion, we have discussed sequence allocation and hopping for uplink ACK/NAK channels.

The new code allocation scheme for 18 UEs [1] provides much improved performance for high speed UEs. However, there exist UEs that are adjacent in cyclic shift and they show a poor performance at high UE speed. We propose a modified code allocation scheme, in which all 18 UEs exhibit a similar and good performance. 

To fully randomize intra-cell interference due to large delay and high Doppler, we propose to use per-slot UE-specific cyclic shift and orthogonal cover hopping on top of per-symbol cell-specific cyclic shift hopping within the slot. 
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