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1 Introduction

In RAN1 #50, it was agreed that for non-persistent scheduling, the ACK/NACK index is implicitly tied to the lowest CCE index used to construct the PDCCH. In this contribution, the detailed mapping relation between ACK/NACK and CCE is discussed. 
2 Discussion 
Based on the agreed working assumption, a straightforward solution [1] is that  
· the ACK/NACK index is mapped to the CCE index with a one to one relation. 
· the ACK/NACK mapped to the lowest CCE  in the PDCCH is used.
This one to one relation implies that the number of reserved ACK/NACK channels has to be equal to the number of maximum CCEs for DL scheduling signalling. The following two factors will cause a large number of  reserved ACK/NACK channels unused and therefore a wasted  UL resource. 

· When PDCCH consisting of  multiple CCEs is allocated, multiple ACK/NACK channels are linked to this PDCCH ,but only one ACK/NACK is used. 
· The number of simultaneously scheduled UEs in downlink is usually fewer than the number of used CCEs for DL scheduling signalling [2]. 
Figure 1 shows an example of the one to one relation between CCE index and ACK/NACK index, where only ACK/NACK channels 0, 8, 12, 14 and 15 are actually used . 

[image: image1]
Figure 1 Example of the one to one relation between CCE index and ACK/NACK index in the case of 5 UEs with different PDCCH sizes. Most ACK/NACK channels are unutilized.
So, one to one mapping relation between ACK/NACK index and CCE index is not desired. 

In order to improve the UL spectrum efficiency, it is proposed that the number of reserved ACK/NACK resources should be equal or close to the maximum number of scheduled UEs which may be significantly smaller than the maximum number of CCEs. 
In [3-5], some alternative methods were provided for a reduced number of ACK/NACK channels. The common principle of these methods is setting some restrictions for CCE allocation to avoid the ACK/NACK collision. Accordingly, the DL scheduling flexibility and CCE using efficiency are restrained in some extent since some PDCCHs with a special size may not be allocated or some CCEs may not be used. 
There is a close relation between DL CCE allocation and ACK/NACK implicitly mapping to allow for reduced ACK/NACK channels. In the next section, we provide a corresponding method without the restriction of DL scheduling flexibility and allowing for sufficiently utilization of CCE.
Proposed method for the reduced number of ACK/NACK
In [6], we proposed a mapping method for the reduced number of ACK/NACK. The key principle of this method is

The ACK/NACK channel which is related to the CCE belonging  to the larger size of PDCCH but can’t be used can be re-mapped to the smaller PDCCH. 
In this contribution, we provide a simplified mapping method also based on this principle. 

The proposed method can be described by the following 2 parts:  

1. Mapping CCEs with the indices of  
[image: image2.wmf]kf

,
[image: image3.wmf]1

,...

1

,

0

-

=

ACK

N

k

 to the reserved AKC/NACK one to one.
where 
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is one of possible PDCCH sizes (1,2,4,or 8 CCEs), i.e. 
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 is determined by the number of reserved ACK/NACK channels 
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Because
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 will be pre-configured and known by UEs, both NodeB and UE know the value of 
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Since the CCEs with the indices of 
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, are the lowest CCEs of the PDCCH candidates with size 
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based on the tree based CCE aggregation, the PDCCH candidates with size 
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are accordingly related to the reserved ACK/NACK channels one to one. If all the allocated PDCCH are not smaller than 
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, no ACK/NACK collision will happen for any PDCCH allocation case. 

Figure 2 shows an example assuming  
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=16  and 
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= 8. It can be derived that 
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= 2 from the formula (1). Then, the CCE_0, CCE_2, CCE_4,… CCE_14 are related to the ACK_0, ACK_1,…, ACK_7 respectively.
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Figure 2 Example of mapping relation between CCE with indices of 
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 and ACK/NACK resource, when the number of reserved ACK/NACK resource is less than the number of CCEs for downlink scheduling, where
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= 2, the label of “i/j” denotes the jth  PDCCH candidate with i CCEs.

2. Mapping the CCEs which can be used as the lowest CCEs for the PDCCH candidates smaller than 
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 to ACK/NACK channel . 
Firstly, if the CCEs with the indices of  
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 can also be used as the lowest CCEs for the PDCCH candidates smaller than 
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, the same ACK/NACK as described above is related to the smaller PDCCH candidate. 

Then, for the other CCEs which can be used as the lowest CCE for the PDCCH candidates smaller than 
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, the related ACK/NACK are selected base on the following consideration:
·  Assuming both reserved ACK/NACK channels and CCEs are fully used according to the DL scheduling , more allocated PDCCH with smaller size means more PDCCHs with larger size are allocated. So the ACK/NACK channel which is related to the CCE belonging  to the larger size of PDCCH but can’t be used can be re-mapped to the lowest CCE for smaller PDCCH candidates. 
The actual mapping relation is determined by the CCE  aggregation and allocation scheme. For example, according to Figure 2, it’s further assumed that 

· The CCE space for any PDCCH size starts from CCE_0[7];
· The allocated PDCCH with smaller size consists of the CCEs with lower index.

· The CCE space for PDCCH of 1 CCE  is set from CCE_0 to CCE_7;
Since CCE_0, CCE_2, CCE_4 and CCE_6 have been mapped to the ACK_0, ACK_1, ACK_2, ACK_3 as shown in Figure 2, the other CCEs of CCE_1,CCE_3,CCE_5, and CCE_7 are specially considered. 
If CCE_1 is allocated to a scheduled UE, it means that at least 2 PDCCHs of 1 CCE are allocated. Then the rest 14 CCE (CCE_3~CCE_15) should be shared by 6 PDCCH assuming both reserved ACK/NACK channels and CCEs are fully used. Accordingly, the PDCCH  4/4 should be allocated and ACK_7 is not used by this larger size of PDCCH, so ACK_7 is related to the CCE_1. 

And so on,  if the CCE_3 is allocated to a scheduled UE, it means that at least 4 PDCCHs  of 1 CCE are allocated. Then the rest 12 CCE (CCE_4~CCE_15) should be shared by 4 PDCCHs. Accordingly, the PDCCH  4/3 and 4/3 should be allocated and ACK_5 is not used by the larger size of PDCCH 4/3, so ACK_5 is related to the CCE_3. 
The example for the proposed mapping relation is shown in Figure 3. 
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Figure 3 Example of mapping relation between CCE for PDDCH with smaller size than 
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 and ACK/NACK resource, when the number of reserved ACK/NACK resource is less than the number of CCEs for downlink scheduling, where
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= 2, the label of “i/j” denotes the jth  PDCCH candidate with i CCEs.

The method can be expressed as 

  if  mod ( CCE_index , f  ) = 0   then
      ACK_index = CCE_index / f   // f is determined by formula (1) 
else  
     // In the CCE space for PDCCH of smaller size than f 

fs = f /2
do {
  if mod (CCE_index , fs ) = 0  then    // assuming the CCE space for smaller PDCCH starts from CCE_0
                         f l={2f, …,8}; 

          ACK_index = (ACK_index can’t be related to the PDCCH of  fl ); // if there are multiple ACK_index, which one is selected depending on the special CCE allocation scheme.
          fs = fs/2
} while (fs >=1)    
Conclusion
In this contribution, we discuss the issue for one to one relation method between UL ACK/NACK and DL CCE. Considering the UL spectrum efficiency, we propose that the reserved ACK/NACK resource should primarily depend on the maximum number of scheduled UEs, not the number of CCEs, in order to reduce the amount of unutilized ACK/NACK resources. 
We also provide a implicit mapping relation between ACK/NACK and CCE for the reduced number of reserved ACK/NACK resources by using a special rule of CCE aggregation and relation. 
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