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1   Introduction

In RAN1# 50bis, it was concluded 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, detail on mapping between ACK/NACK index and CCE index is discussed.
2   Issue
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, ACK/NACK index linked to each CCEs shown in Fig. 1 (Option A) increases the number of Resource Blocks to be used for ACK/NACK transmission in PUCCH as ACK/NACK resources tied to other than lowest CCE are not used.
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Fig. 1 ACK/NACK resource linked to each CCE index
Here, we assume the maximum number of CCEs = 44 and the maximum number of downlink UEs = 26 for 20 MHz system bandwidth [1]. The number of CCEs per downlink grant is 1, 2, 4 or 8.

Table 1 shows the number of RBs for ACK/NACK resource when 18 ACK/NACK resources can be multiplexed in 1 RB. As it will be not common case only 1 CCE or 2 CCEs of downlink grant size exist, the optimum scheme requires only 1 RB while option 1 requires 3RBs. It is also true when 1, 2, 3 and 4 CCEs of downlink grant size are equally distributed as shown in table 1.
Table 1 Number of RBs for ACK/NACK resource (maximum 18 UEs / RB)
	
	Option A
	Optimum case

	1 CCE only
	2 RBs
	2 RBs

	2 CCEs only
	3 RBs
	2 RBs

	4 CCEs only
	3 RBs
	1 RB

	8 CCEs only
	3 RBs
	1 RB

	Equal distribution between 1,2, 3 and 4 CCEs
	3 RBs
	1 RB


Table 2 show the case when 12 ACK/NACK resources can be multiplexed in 1 RB (high mobility scenario). Even in this case, the optimum scheme requires only 1 RB while option 1 requires 4RBs.
Table 2 Number of RBs for ACK/NACK resource (maximum 12 UEs / RB)
	
	Option A
	Optimum case

	1 CCE only
	3 RBs
	3 RBs

	2 CCEs only
	4 RBs
	2 RBs

	4 CCEs only
	4 RBs
	1 RB

	8 CCEs only
	4 RBs
	1 RB

	Equal distribution between 1,2, 3 and 4 CCEs
	4 RBs
	1 RB


Therefore, we believe some restrictions are required for mapping between ACK/NACK index and CCE index to reduce the overhead of PUCCH resource for ACK/NACK transmission.
3. Solutions

To solve the issue discussed in section 2, the following two options are considered.
           Option B : ACK/NACK index linked to every M CCE index (M =1,2, 4,8)

           Option C : ACK/NACK index linked to each size of downlink grant
It should be noted that option B is exactly same with option A if M=1.

In the next section, detail of each option is discussed.
3.1 ACK/NACK index linked to every M CCE index
By linking ACK/MACK index to every M CCE index, the overhead of PUCCH resources for ACK/NACK transmission can be reduced if M is larger than 1. With assuming CCE index =  0,1,2, … and ACK/NACK index = 0,1,2,…, the relation between CCE index and ACK/NACK index is described as below for example.
CCE index = M  
[image: image2.wmf]´

  ACK/NACK index

Fig. 2 shows the case of M =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 A. 
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Fig. 2 ACK/NACK resource linked to every 2 CCE
Fig. 3 shows the case of M=8. It can multiplex PUCCH for ACK/NACK transmission optimally. On the other hand, allocation of CCEs for downlink grant becomes sparse. When downlink grant with the 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 although they may be used for other purpose such as downlink grant for UEs with uplink data.
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Fig. 3 ACK/NACK resource linked to every 8 CCE
M can be either fixed or configurable. By configuring M depending on system scenario such as cell size, good trade off between ACK/NACK resource overhead and DL grant overhead can be achieved. Only additional 2 bits are required in system information.
3.2 ACK/NACK resource linked to each size of downlink grant
By linking ACK/MACK index to each size of downlink grant only, the overhead of PUCCH resources for ACK/NACK transmission can be reduced. Here, we assume N1, N2, N4 and N8 of PUCCHs are linked to every 1, 2, 4 and 8 CCE, respectively. Then, the relation between CCE index and ACK/NACK index is described as below for example.
CCE index = ACK/NACK index, 

for ACK/NACK index = 0, …, N1-1
    CCE index = 2 
[image: image5.wmf]´

 ACK/NACK index - N1, 

for ACK/NACK index = N1, …, N1+N2-1

    CCE index = 4 
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 ACK/NACK index -3N1-2N2, 
for ACK/NACK index = N1+N2, …, N1+N2+N3-1

CCE index = 8 
[image: image7.wmf]´

 ACK/NACK index -7N1-6N2-4N3, 
for ACK/NACK index = N1+N2+N3, …, N1+N2+N3+N4-1
Fig. 4 shows an example of mapping in case of ACK/NACK resource is linked to each size of downlink grant. 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. Either or both of them become sparse when the number of downlink grant for each size changes although PUCCH or/and CCEs in PDCCH can be used for other purpose. If mapping between ACK/NACK resource and the index of the CCE can be semi-statically configurable explicitly by using higher layer signalling or implicitly by PCFICH, 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
4 Conclusions

In this contribution, detail on mapping between ACK/NACK index and CCE index was discussed. For the exact mapping between ACK/NACK resource and the index of the CCE with considering the size of downlink grant is variable, 

Option B : Linked to every M CCE index
and

Option C : Linked to each size of DL grant
have been proposed.
Option B can achieve good trade off between ACK/NACK resource overhead and DL grant overhead by configuring M depending on system scenario such as cell size. Option C can minimize ACK/NACK resource overhead and DL grant overhead if mapping between ACK/NACK resource and the index of the CCE can be semi-statically configurable explicitly by using higher layer signalling or implicitly by PCFICH.
Therefore, we believe either option B or option C should be applied. Exact decision will have close relation with decision in CCE aggregation method.
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