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1. Introduction

At the Sorrento Meeting, RAN1 agreed on the basic multiplexing method for the PUCCH [1] 

 REF _Ref169347360 \r \h 
[2] . The combination of Zadoff-Chu sequence and Walsh covering scheme is assumed as the user multiplexing scheme [3] .
Also at the Kobe meeting, following sentence was agreed. "For non-persistent scheduling the ACK/NACK resource is linked to the index of the control channel used for scheduling."  How to manage persistently scheduled UEs’ ACK/NACK (and the CQI) is FFS. One possibility is to allocate separate radio resources to the uplink ACK/NACK for the persistently scheduled UEs and CQIs as shown in [4] .

After the Kobe meeting, there were some e-mail discussions about utilizing all the values for cyclic shifts of 12 length ZC sequences in e.g. different cells. Some companies see benefits of utilizing all the values for shifts for some purposes. In this contribution, we will show our preference on how to utilize these cyclic shift values from the performance/complexity points of the view.
2. Discussion
Current working assumption is that UL ACK/NACK is defined by "1 of 6 cyclic shifts within a LB" and "1 of 4 Block-wise spreading codes", but the PUCCH RSs are restricted to use 3 orthogonal covers. So there are 18 simultaneous usages of cyclic shifts/Block-wise spreading codes combinations.

In the e-mail discussions, some companies prefer not to rule out using all the values for shifts although it was shown that it may not be possible to utilize more than 6 out of the 12 cyclic shifts of ZC sequences due to delay spread.
We agree to the basic idea of not to rule out using all the values for shifts. We see two alternatives how to utilize all the values for shifts.

a) Utilize the different values for shifts when different block-wise spreading codes are applied (Intra-cell)

b) Utilize the different values for shifts in different cells (Inter-cell)

Regarding a), some benefits to define the different values for shifts depend on block-wise spreading codes like Table 1 would be seen. Since it has been shown that the orthogonality of the Walsh-covering (block-wise spreading) is distorted especially in the presence of high speed UEs, this small delta of cyclic shifts among different block-wise spread codes would help to suppress inter-code interference. We propose to investigate using different values of cyclic shifts within the cell for different Block-wise spreading codes.

Regarding b), though we agree the merit on having the different sets of cyclic shifts based on cell conditions, this requires additional complexities for both eNBs and UEs especially since RAN1 agreed on the implicit resource allocation for UL ACK/NACK. If the set of cyclic shifts is changed, eNB should indicate not only the combination of shifts/codes but also the implicit resource allocation table for UL ACK/NACK to all the UEs in short intervals.

To minimize additional complexities, we propose to define some restrictions for the usage of cyclic shifts and block-wise spreading codes, such as;

· The number of the definitions for the usage of cyclic shifts/block-wise spreading codes is small
· The definition of the usage in a cell should not be changed.
Table 1
Example of orthogonal sequence combinations for PUCCH (ACK/NACK)
	
	Block-wise spreading code w(i)

	Cyclic shift within a LB
	1
	2
	3

	0
	ACK/NACK#0
	
	ACK/NACK#12

	1
	
	ACK/NACK#6
	

	2
	ACK/NACK#1
	
	ACK/NACK#13

	3
	
	ACK/NACK#7
	

	4
	ACK/NACK#2
	
	ACK/NACK#14

	5
	
	ACK/NACK#8
	

	6
	ACK/NACK#3
	
	ACK/NACK#15

	7
	
	ACK/NACK#9
	

	8
	ACK/NACK#4
	
	ACK/NACK#16

	9
	
	ACK/NACK#10
	

	10
	ACK/NACK#5
	
	ACK/NACK#17

	11
	
	ACK/NACK#11
	


3. Conclusion

We discussed whether all the values of cyclic shifts should be used for UL ACK/NACK. We see the merit to use all the values of cyclic shifts. 
We propose following way forwards;
· Investigate the utilization of different values of cyclic shifts for different block-wise spreading codes
· Define small sets of tables (or rules) for cyclic shifts/block-wise spreading codes combinations for UL ACK/NACK and define small sets of implicit resource allocation tables for "UL ACK/NACK resources"/"index of control channel" in the specification. The choice of these tables should not be changed in a cell.
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