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1 Introduction
In the RAN1#49 meeting in Kobe, it was decided that;
· For non-persistent scheduling the ACK/NAK resource is linked to the index of the control channel used for scheduling.


Based on the above conclusion, in order to proceed with further details, we propose some mapping rules between CCE and ACK/NACK resource.
2 Implicit mapping of CCE to UL ACK/NACK resource
The UL ACK/NACK orthogonality is provided in frequency domain by different cyclic shifts and in time domain by different orthogonal covers. With the currently agreed ACK/NACK structure in RAN1, one cyclic shift can accommodate three orthogonal covers. In this regard, it could be one design criterion for the implicit mapping of ACK/NACK resource to prioritize filling up one cyclic shift first with different orthogonal covers from the perspective of efficient resource utilization. This criterion makes the unused cyclic shifts available for the other usage, e.g. resource for CQI transmission, PUSCH transmission when an RB becomes additionally available. In another perspective, keeping the good orthogonality between the ACK/NACK channels could be another design criterion. That is, the orthogonality through the different cyclic shift is well maintained in most cases, e.g., by having 2 shift under TU channels. However, the time domain separation may suffer from orthogonality breakdown in cases of high speed UEs. Taking into account these aspects, we can consider the following approaches for the implicit mapping between CCE and UL ACK/NACK resource. 
In the approaches given below, we describe how the consecutive indexes of CCEs are mapped to the ACK/NACK resources.
Approach 1 (see Figure 1(a)): 
· First, 3 orthogonal covers for the 1st cyclic shift are mapped to the 3 lowest CCE indexes, respectively.
· Then, the 3 orthogonal covers for the 2nd cyclic shift are mapped to the next 3 lowest CCE indexes, respectively, and so on. 
· If all the cyclic shifts and orthogonal covers within an RB are used up, then the next RB for ACK/NACK transmission is considered and the implicit mapping between ACK/NACK resource and CCE proceeds as in the above steps.
Approach 1 aims to reduce the number of ACK/NACKs using different cyclic shifts as much as possible. Provided that the number of simultaneously transmitted ACK/NACK does not exceed the corresponding multiplexing capacity within the allocated RB(s), not all the cyclic shifts for the ACK/NACK within RB(s) are used by a proper configuration of PDCCH. Consequently, the unused cyclic shift and/or RB which has been allocated for the ACK/NACK could be allocated for CQI or data transmission if possible. For example, the unused RB(s) can be allocated for PUSCH only if they are the RB(s) closest to the data region. It is also worth investigating whether the unused cyclic shift can be allocated to CQI. In Figure 1(a), for example, if only the ACK/NACK resources linked to the CCE#0 ~ CCE#5 are used, the remaining unused cyclic shifts, CS(2) ~ CS(5), could be utilized for CQI, though we are not so sure, and the remaining unused RB, if any, could be utilized for data. Therefore, Approach 1 has the benefit in terms of efficient resource utilization. 
Approach 2 (see Figure 1(b)): 
· First, 6 cyclic shifts for the 1st orthogonal cover are mapped to the 6 lowest CCE indexes, respectively.
· Then, 6 cyclic shifts for the 2nd cover are mapped to the next 6 lowest CCE indexes, respectively, and so on. 
· If all the cyclic shifts and orthogonal covers within an RB are exhausted for the ACK/NACK transmission, then the next allocated RB for ACK/NACK transmission is considered and the implicit mapping between ACK/NACK resource and CCE proceeds as in the above steps.
Approach 2 aims to reduce the number of ACK/NACKs using the same cyclic shift with different orthogonal covers. In Figure 1(b), for example, if only the ACK/NACK resources linked to the CCE#0 ~ CCE#5 are used, the ACK/NACK signals can still be orthogonally separated through different cyclic shifts, even in case that the orthogonality cannot be guaranteed in time domain due to high UE mobility. Consequently, it is robust to some extent against the breakdown in time domain orthogonality.
Approach 3 (see figure 1(c)): 
· First, the 1st cyclic shift with the 1st orthogonal cover is mapped to the lowest CCE index.
· Then, the 2nd cyclic shift with the 2nd orthogonal cover is mapped to the next lowest CCE index, and so on.
· If any of the orthogonal resources (cyclic shift or orthogonal cover) is exhausted, then another pair of orthogonal resources which does not collide with the previous one is mapped to the next lowest CCE index.
· If all the cyclic shifts and orthogonal covers within an RB are used up for the ACK/NACK transmission, then the next RB allocated for the ACK/NACK is considered and the implicit mapping between ACK/NACK resource and CCE proceeds as in the above steps.
Compared with Approach 2, Approach 3 aims to achieve the orthogonal separation in two dimensions. This maximizes the robustness against the orthogonality breakdown. Since the orthogonality through different cyclic shift exists, performance degradation under high mobility situation will be minimal as in the case of Approach 2. Moreover, in large delay spread environment, the orthogonality due to different orthogonal covers still exists and can contribute to well separating the ACK/NACK signals unless the mobility situation is not so worse as well. In Figure 1(c), for example, if only the ACK/NACK resources linked to the CCE#0 ~ CCE#5 are used, the ACK/NACKs can still be orthogonally separated by cyclic shifts even though there is loss of orthogonality in time domain or by orthogonal covers under the high delay spread case. Therefore, Approach 3 is very beneficial from the performance perspective.
[image: image1.emf]CCE#0

CCE#1

CCE#2

CCE#3

CCE#4

CCE#5

DL Control 

channel elements

…

…

…

…

CCE#6

CCE#7

UL ACK/NACK resource

(Orthogonal cover (m), 

Cyclic shift (n))

(OC(0), CS(0))

(OC(1), CS(0))

(OC(2), CS(0))

(OC(0), CS(1))

(OC(1), CS(1))

(OC(2), CS(1))

(OC(0), CS(2))

(OC(1), CS(2))

(a) Approach 1

CCE#0

CCE#1

CCE#2

CCE#3

CCE#4

CCE#5

DL Control 

channel elements

…

…

…

…

CCE#6

CCE#7

(OC(0), CS(0))

(OC(0), CS(1))

(OC(0), CS(2))

(OC(0), CS(3))

(OC(0), CS(4))

(OC(0), CS(5))

(OC(1), CS(0))

(OC(1), CS(1))

UL ACK/NACK resource

(Orthogonal cover (m), 

Cyclic shift (n))

(b) Approach 2

CCE#0

CCE#1

CCE#2

CCE#3

CCE#4

CCE#5

DL Control 

channel elements

…

…

…

…

CCE#6

CCE#7

(OC(0), CS(0))

(OC(1), CS(1))

(OC(2), CS(2))

(OC(0), CS(3))

(OC(1), CS(4))

(OC(2), CS(5))

(OC(0), CS(1))

(OC(1), CS(2))

UL ACK/NACK resource

(Orthogonal cover (m), 

Cyclic shift (n))

(c) Approach 3


Figure 1 Implicit mapping of CCE to UL ACK/NACK resource
3 ACK/NACK resource configuration

For the ACK/NACK resource configuration, the following signalling seems required, e.g., via D-BCH, in order to flexibly configure the PUCCH resource with an acceptable signalling overhead.
· Mapping direction

· This indicates the rule for the implicit mapping of CCE to ACK/NACK resource among Approach 1, Approach 2, and Approach 3. One bit would suffice, e.g., if Approach 1 and Approach 3 are adopted.
· Cyclic shift offset

· This is the cyclic shift resolution used in assigning different cyclic shifts to PUCCHs. The values of 1,  2, or  3 are preferred and the system can choose, e.g., depending on the cell deployment situation and expected delay spread to ensure the cyclic shift orthogonality.
· The number of ACK/NACK channels in each of the band edges

· This indicates the number of implicitly mapped ACK/NACK channels allocated in each of the band edges.
· Start RB in each of the band edges
· This indicates from which RB the ACK/NACK mapping starts in each of the band edges
· Considering the possibility that CQI and ACK/NACKs for persistent scheduled data are placed on the edge RBs, this signaling gives the flexibility that the implicitly mapped ACK/NACK resource is allocated in an interior PUCCH RB. Furthermore, as the ACK/NACK reliability requirement is higher than that of CQI, it would be more beneficial to place the ACK/NACK resource to the interior RB(s) by the system configuration, considering that the band edge PUCCH RBs may suffer more from interference from other system and/or other band. 
· Start cyclic shift in each of the band edges
· This explicitly indicates from which cyclic shift the implicit ACK/NACK mapping starts in the start RBs explained above.
4 Conclusion
In this contribution, we discussed three approaches for implicitly mapping CCE to UL ACK/NACK resources. Also, the signaling for configuring the ACK/NACK resource was discussed. We propose that the eNB is allowed to select which mapping approach to apply among the proposed approaches, e.g., depending on the cell deployment environment and cell loads, to exploit the particular advantages of each approach.
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