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1. Overall
From our investigation, current formulas of PUCCH index do not generate ACK/NACK channelization index well in case of some input parameter sets [1]. So we propose two alternatives to resolve it; one is to give a simple restriction to the available values of
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. The other is to make a correction of whole formulae related the index generation, depending on proposed methods, new parameter may be introduced. Either way is ok for us for completion of current specification, but if the impact of restriction of available 
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values on the overall system operation seems to be negligible, we have a slight preference on the first option due to the simplest way as well as doing not harm current formulas.
2. Alternative #1: Using limited values of 
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We propose to make a restriction on the formula such as 
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, where the values of k are followed by equation below, depending the input parameter 
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For more information, we listed the normal cases in Figure 1, marked by green colour. As indicated in Figure 1, the number of limited values for 
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 is about 50% relative to total available values, but it seems that the decrease of granularity between allowed cyclic shifts do not much impact on overall system performance. 
For an example of abnormal cases , in case of  c=3, 
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, the generated index for ACK/NACK is not in line with the current agreement.  It causes inter-sequence interference, leading to degradation of system throughput.
In Figure 1, the mixed RB is the special resource block of PUCCH over which both ACK/NACK and CQI are transmitted, while the ordinary RB is the normal resource block of PUCCH over which only ACK/NACK is transmitted.  
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Figure 1: Problems with current PUCCH ACK/NACK index generation formulas. Even though some of total abnormal cases above may be used for ACK/NACK index without any correction of formulas, eventually it may cause a negative affect system operation (OK: correct index generated, Abnormal: problematic index generated).
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Figure 2: PUCCH RB model for ACK/NACK index generation in mixed and ordinary RB.

3. Alternative #2: Modification of PUCCH index generation formulae

The following text proposal is to make a correction of whole formulae related to ACK/NACK channelization index generation. The bundle of proposed equations can cover the whole ACK/NACK index generation for not only normal CP but also extended CP, even including slot-based OC/CS remapping. However, according to current WA, the slot-level OC/CS remapping of ACK/NACK index in mixed RB is not applied to, that is, the same index pattern for even-numbered slot will be applied to odd-number slot. 
It is noted that the new variable, 
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is introduced to fix the problems with current version of specification.
----------------------------------- Start of Text proposal --------------------------------------------
5.4.1
PUCCH formats 1, 1a and 1b
For PUCCH format 1, information is carried by the presence/absence of transmission of PUCCH from the UE. In the remainder of this section, 
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 shall be assumed for PUCCH format 1.

For PUCCH formats 1a and 1b, one or two explicit bits are transmitted, respectively. The block of bits 
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 shall be modulated as described in Section 7.1, resulting in a complex-valued symbol
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. The modulation schemes for the different PUCCH formats are given by Table 5.4-1.

The complex-valued symbol 
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where 
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 is defined by section 5.5.1 with
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The block of complex-valued symbols 
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with 
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 is given by Table 5.4.1-1.

Resources used for transmission of PUCCH format 1, 1a and 1b are identified by a resource index 
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The resource indices within the two resource blocks in the two slots of a subframe to which the PUCCH is mapped are given by
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are set by higher layers. 

Table 5.4.1-1: Orthogonal sequences 
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 for PUCCH formats 1, 1a and 1b.

	Sequence index 
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	Orthogonal sequences 
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----------------------------------- End of Text proposal --------------------------------------------

4. Conclusion
We here summarize our suggestions given by the section 2 and 3.

· Alternative #1: One simple way to fix the problems of ACK/NACK index generation to specify that several values from available 
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 values shall not be used for ACK/NACK resource reservation in mixed RB. In other words, only allowed 
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 values (refer to Figure 1) is used for ACK/NACK resource reservation in mixed RB. 

· Alternative #2: The other way to fix the problems of ACK/NACK index generation is to make a correction of all the equations related to PUCCH ACK/NACK index generation.

Regardless of how to fix this problem, it is no doubt that it should be resolved for system implementation as well as specification completion as quick as possible.
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6. Appendix
<Example of Index Generation for PUCCH formats 1, 1a and 1b>
In this section, we presents several examples of ACK/NACK channelization index generated by proposed formulas in section 3, in case of
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 which is independent of index equation in the other part of that is not considered in order directly to focus on the problem indicated earlier.
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