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1   Introduction
In RAN1# 49, it was concluded that “For non-persistent scheduling the ACK/NAK resource is linked to the index of the control channel used for scheduling”. In this contribution, detail of mapping between ACK/NACK resource and the index of the control channel is discussed.
2   Allocation of PUCCH
It is not clear ACK/NACK resource is linked to whether L1/L2 control channel index or Control Channel Element (CCE) index. To avoid additional signalling, ACK/NACK resource should be linked to the index of the CCE as discussed in [1] and [2]. Therefore, the latter is assumed in this contribution hereafter.
The number of CCEs for the control channel used for scheduling should be variable to change modulation and/or coding rate depending on channel condition. With considering variable size of the control channel, the followings are considered as possible exact mapping between ACK/NACK resource and the index of the CCE.
           Option 1 : Linked to each CCE index
           Option 2 : Linked to minimum size of downlink grant

           Option 3 : Linked to maximum size of downlink grant

           Option 4 : Linked to each size of downlink grant
In the next section, pros and cons of each option are discussed.
2.1 ACK/NACK resource linked to each CCE index
Fig. 1 shows an example of mapping in case of ACK/NACK resource is linked to each CCE index. Here, as the size of downlink grant in PDCCH, 2, 4 and 8 of CCEs are assumed. In this example, PUCCH whose index is linked to the lowest index of CCEs in downlink grant is used for uplink ACK/NACK transmission. Pros and cons of this option are as following.
· Pros

- CCE allocation to downlink grant is flexible as all CCEs are linked to PUCCH

· Cons

- The allocation of PUCCH for ACK/NACK is extremely sparse.

In figure 1, only PUCCHs linked to CCEs with red solid line are used for ACK/NACK transmission and those linked to CCEs with black dotted line are not. The latter PUCCHs can be scheduled for other purpose such as CQI transmission. However, to reduce the number of RBs for PUCCH and effectively utilize Walsh cover to increase the number of multiplexed PUCCHs, less sparse mapping is preferable. 
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Fig. 1 ACK/NACK resource linked to each CCE index
2.2 ACK/NACK resource linked to minimum size of downlink grant
Fig. 2 shows an example of mapping in case of ACK/NACK resource is linked to minimum size of downlink grant. As the size of 2, 4 and 8 of CCEs are assumed for downlink grant here, ACK/NACK resource is linked to downlink grant with two CCEs. Therefore, every other CCE is linked to PUCCH. Pros and cons of this option are as following.
· Pros

- CCE allocation to downlink grant is flexible as all possible size of downlink grant are linked to at least one PUCCH

· Cons

- The allocation of PUCCH for ACK/NACK is less sparse than option 1, but it is still sparse.

As shown in figure 2, the allocation of PUCCH for ACK/NACK is less sparse than figure 1 as every other CCE is linked to PUCCH while each CCE is linked to PUCCH in option 1. 
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Fig. 2 ACK/NACK resource linked to minimum size of downlink grant
2.3 ACK/NACK resource linked to maximum size of downlink grant
Fig. 3 shows an example of mapping in case of ACK/NACK resource is linked to maximum size of downlink grant. As the size of 2, 4 and 8 of CCEs are assumed for downlink grant here, ACK/NACK resource is linked to downlink grant with 8 CCEs. Therefore, every 8 CCEs are linked to PUCCH. Pros and cons of this option are as following.
· Pros

- Multiplexing of PUCCH for ACK/NACK is dense
· Cons

- CCE allocation to downlink grant for UE who uses PUCCH for ACK/NACK is a little bit sparse
When downlink grant with size of less than maximum one uses CCE linked to PUCCH within continuous 8 CCEs, the rest of CCEs can not be linked to PUCCH like CCE#12, 13, 14 and 15 in figure 3. However, these CCEs are not wasted by allocating for other purpose such as downlink grant for UEs with uplink data and UEs who transmit CQI + ACK with reserved PUCCH for CQI reporting.
This option is ideal from the point of effective multiplexing of PUCCH for ACK/NACK.
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Fig. 3 ACK/NACK resource linked to maximum size of DL grant
2.4 ACK/NACK resource linked to each size of downlink grant
Fig. 4 shows an example of mapping in case of ACK/NACK resource is linked to each size of downlink grant. As the size of 2, 4 and 8 of CCEs are assumed for downlink grant here, ACK/NACK resource is linked to downlink grant with 2, 4 and 8 of CCEs, respectively. Pros and cons of this option are as following.
· Pros

- Multiplexing of PUCCH for ACK/NACK is dense
- CCE allocation to downlink grant for UE who uses PUCCH for ACK/NACK is dense
· Cons

- CCE allocation to downlink grant is less flexible
In this option, both multiplexing of PUCCH for ACK/NACK and CCE allocation to downlink grant for UE who uses PUCCH for ACK/NACK are ideal if the number of downlink grant for each size is known. However, either or both of them become sparse when the number of downlink grant for each size changes. Unused PUCCH or/and CCEs in PDCCH can be used for other purpose same as option 1, 2 and 3. If mapping between ACK/NACK resource and the index of the CCE can be semi-statically configurable by using higher layer signalling, unused PUCCH and CCEs in PDCCH can be minimized. However, complexity of configuration should be carefully considered.
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Fig. 4 ACK/NACK resource linked to each size of downlink grant
3 Conclusions
In this contribution, detail of mapping between ACK/NACK resource and the index of the control channel was discussed. ACK/NACK resource should be linked to the index of the CCE rather than to L1/L2 control channel index to avoid additional signalling.
For the exact mapping between ACK/NACK resource and the index of the CCE with considering the size of downlink grant is variable, 

Option 3 : Linked to maximum size of DL grant
is one of promising scheme from the point of effective multiplexing of PUCCH for ACK/NACK without any additional signaling. If additional signaling for semi-static configuration of mapping between ACK/NACK resource and the index of the CCE is acceptable,

Option 4 : Linked to each size of DL grant
can provide the most effective multiplexing of PUCCH for ACK/NACK and CCE allocation to downlink grant for UE who uses PUCCH for ACK/NACK.
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