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1
Introduction
In RAN1#52 meeting, we have reached the agreement on the relation of ACK/NAK resources and the first CCE used in DL PDCCH. However, the exact mapping rule for the ACK/NAK on mixed PRB containing CQI and ACK/NAK is not addressed. 

In this document, we generalize the implicit one-to-one mapping of UL ACK/NAK to DL PDCCH for the mixed PRB. 
With the implicit mapping of UL ACK/NAK resources to the first CCE used in DL PDCCH, the UL ACK resources for the scheduled PDSCH is well defined. However, with persistent assignment, the PDCCH may not be present for each transmission. Such a case is also addressed in this document.
2 Implicit mapping for the mixed PRB
The implicit mapping for the PRB containing both ACK and CQI is a generalized version as we agreed for the non-mixed case.

Define an implicit one-to-one mapping with reordering from DL VRB index to UL ACK location in { RB allocation + time varying cyclic shift + orthogonal cover }.
Let there be  
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 the number of cyclic shifts reserved for ACK in the mixed PRB

m0  cyclic-shift/orthogonal-cover combinations configured for UL ACK in the mixed RB. Note that at most one RB in each slot contains both ACK and CQI [1].
m  cyclic-shift/orthogonal-cover combinations configured in the regular (non-mixed) RBs

Further, define the mapping from kth ACK resource to the ith PDCCH as agreed in RAN1 #52 meeting:
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Note that the linking of k to the corresponding (OCk, CSk) is the same as we agreed for the non-mixed RBs in RAN1 #52 meeting.
Prune this PDCCH index i -> ACK resource 
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 mapping as follows: 
· Step 1: 
i. Start with i=0 and n=0
· Step 2: 
i. Check whether the corresponding 
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1. If 
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 belongs to the regular(non-mixed) ACK RB indices and 
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2. If 
[image: image7.wmf]n

b

 is the mixed PRB index

a. Declare 
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b. Else 
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· Step3: 
i. If 
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1. Find the closest 
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2. Assign the new mapping 
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3. Update 
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ii. Else 
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1. Assign the mapping 
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2. Update 
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· Step4: 
i. Proceed to i+1 and repeat step 2, 3 and 4 until i=total number of individual ACK resources 
3 Summary

In the current spec 36.211, the implicit mapping for UL ACK in the mixed PRB scenario may end up in significant interference among the UL ACK transmissions. This issue is illustrated in detail in the appendix.
In this document, we generalize the implicit mapping rule for UL ACK on the mixed PRB which contains both ACK and CQI. The generalized mapping rule can avoid the undesirable mapping for the UL ACK transmission. 
Appendix

In the current 36.211 for the uplink control format 1 it is specified to derive the corresponding orthogonal cover and cyclic shift as follows:
Resources used for transmission of PUCCH format 1, 1a and 1b are identified by a resource index 
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 from which the orthogonal sequence index 
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where 
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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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for 
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are set by higher layers. 

However, the equation for deriving the cyclic shift only holds for non-mixed RBs. With the mixed RB, take 
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 as an example. With the normal cyclic prefix configuration there are 4 ACK resources can be supported, and we end up in the following mapping: 
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The mapping is clearly undesirable as it requires the channel to be static within a slot since there are 3 ACK resources corresponding to the same cyclic shift and they are separated only by time domain orthogonal cover.

One way to address this issue is to keep the linking of 
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 to the corresponding (OCk, CSk) the same as we agreed for the non-mixed RBs in RAN1 #52 meeting and prune the invalid entries when the RB contains both ACK and CQI. The detailed description is given in Section 2 with the pseudo code.
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