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1
Introduction
In RAN1 #49 held in Kobe, it was agreed that that for non-persistent scheduling ACK/NAK resource is linked to the index of the control channel used for (DL) scheduling. In this contribution we concentrate on the ACK/NACK channelization, i.e., how to configure the implicit ACK/NACK resources in terms of cyclic shifts and block spreading codes. The implicit mapping between CCE indexes and ACK/NACK resources is discussed in [1].  The ACK/NACK channelization proposal is based on our earlier proposal [2]. At this time we take into account some practical signalling limitations as proposed in [3]. 
2
ACK/NACK Channelization Proposal
In Athens meeting (RAN1 #50), it was proposed to pair the cover codes of ACK/NACK information blocks and RS blocks. This means that ACK/NACK blocks and RS blocks would not need separate configuration any more. The only difference is that additional signalling of N out of four length-4 Hadamard sequences is needed with ACK/NACK information part. This approach saves some DL signalling and we have adopted the idea into this proposal.   

We define the following formulas to characterize the proposed ACK/NACK channelization principle. 
The kth ACK/NACK resource is identified by OCindex(k) and CSindex(k), where OCindex(k) and CSindex(k) are the orthogonal cover sequence indices for both RS and information part and the cyclic shift values index for kth ACK/NACK resource, respectively.
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(Formula #1)
where

“shiftdiff“ is the cyclic shift difference between two adjacent ACK/NACK resources within the same OC and “n” is the cyclic shift offset for the first ACK/NACK resources. 
Both “shiftdiff“ and “n” could be cell specific values and allowable values for “shiftdiff“ are FFS.
It is noted that (Formula #1) does not take the cyclic shift hopping into account. 

3 Comparison with the other proposal
This section compares properties of our proposal (Formula #1) with other approaches discussed in the 3GPP. In the discussion RAN1 meeting in Athens the other main candidate for ACK/NACK signalling relied on the idea of explicitly limiting the number of ACK/NACK resources up to 36/shift_diff [3]. Illustrative examples for ACK/NACK resource allocation with the formula proposed in the Chapter 2 and the other proposal are presented in  Figure 1, Figure 2, and Figure 3. The cyclic shift offset “n” = 0 in all cases, whereas the “shiftdiff“ varies between 1 and 3. Comparison shows that two proposals are very close to each other. This is the case with
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, where both proposals realize the concept of staggered ACK/NACK structure.  However, it is noted that maximum number of ACK/NACK resources in [3] is limited to 
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 whereas Formula #1 can always support all 36 resources.
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Figure 1. ACK/NACK configuration using  (Formula #1) and the other staggered proposal shifdiff=1, n=0.
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Figure 2. ACK/NACK configuration using  (Formula #1) and the other staggered proposal shifdiff=2, n=0.
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Figure 3. ACK/NACK configuration using  (Formula #1) and the other staggered proposal shifdiff=3, n=0.
4
Use Case with 36 ACK/NACK resources
As mentioned, the ACK/NAK resource denoted as k is linked to the index of the CCE used for (DL) scheduling. The exact implicit mapping principle has not been decided in the 3GPP yet. One implicit mapping scheme has been presented in [2]. It is noted that the number of ACK/NACK resources can be relatively high. E.g., when the ACK/NACK resource index is derived from the lowest CCE index, then each minimum-size CCE requires its own ACK/NACK resource. However, from a packet scheduling point of view it is not likely that we will schedule more than 10-12 users at the same time for each link direction. These facts indicate that

· It is important to maximize the number of parallel ACK/NACK resources
· In order to minimize the UL overhead of PUCCH, it may be beneficial to be able to address all 36 resources from the ACK/NACK resource

It has been pointed out in [4] that resource specific randomization of intra-cell interference allows for larger instantaneous (i.e. within a single LB) interference between code resources resources. This would mean that it is possible to have adjacent cyclic shifts allocated assuming that

· ACK/NACK load is reasonable 

· Efficient resource specific cyclic shift hopping is applied.

This allows for more efficient use of cyclic shifts resources of a CAZAC sequence and translates directly in the smaller UL overhead of ACK/NACK channel. Finally, we note that, it is beneficial to be able utilize all 36 ACK/NACK resources also with  shifdiff>1. This is supported using equations of (Formula #1).
5
Summary
This contribution discusses details regarding to ACK/NACK channelization. We propose that equations presented in (Formula #1) are selected as a working assumption for ACK/NACK channelizatoin.
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