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1 Introduction
Regarding the PUCCH ACK/NACK resource allocation for ePDCCH, the following agreements from the email discussion after RAN1#69 are 
· The PUCCH Format 1a/1b resource for HARQ-ACK transmission in response to ePDCCH-scheduled PDSCH is at least partly implicitly determined

· FFS which resource index could be used 

· Specification support for avoiding collisions of PUCCH format 1a/1b resources corresponding to ePDCCH and PDCCH is provided

· FFS how to provide collision avoidance

Based on these agreements, the PUCCH ACK/NACK resource allocation for ePDCCH in case of localized and distributed transmission is discussed and the related proposal is given in this document.   
2 PUCCH ACK/NACK resource allocation for ePDCCH 

According to the first agreement, one open issue is which resource index can be used to implicitly determine the PUCCH ACK/NACK resources. Hence, it is needed to first investigate what resources from ePDCCH can be used. For the ePDCCH, it was agreed that both localized and distributed transmission are supported. As these two types of ePDCCH transmission have different transmission structures, the PUCCH ACK/NACK resource allocation for localized and distributed transmission is discussed separately in the following sections. 
2.1 Localized ePDCCH transmission
Although there is no complete definition on the localized transmission for ePDCCH, the common understanding is that, for localized ePDCCH transmission, an ePDCCH aggregated by one or several logical eCCEs is transmitted in one PRB pair or several consecutive PRB pairs, which depends on the used eCCE aggregation level and the number of physical eCCEs within one PRB pair. A number of physical eCCEs, e.g. 4, is defined in each PRB pair, and the size of physical eCCE is equal to logical eCCE. 
The PRB pairs for ePDCCH transmission are configured by eNB. For ePDCCH mapping, the configured PRB pairs and the contained physical eCCEs correspond to the VRB pairs and logical eCCEs respectively. Assuming the number of PRB pairs configured for one UE’s ePDCCH is M and the number of physical eCCEs within one PRB pair is N, then the number of corresponding VRB pairs (labeled as m=0, 1…M-1, each VRB pair has N logical eCCEs) is M, and the total number of the corresponding logical eCCEs for the UE’s ePDCCH arrangement is M×N (the index of logical eCCE is labeled as neCCE=0,1,2…M×N-1). When mapping an ePDCCH on the configured PRB pair(s), each logical eCCE of the ePDCCH is mapped onto a corresponding physical eCCE within the PRB pair(s). The relationship between the configured PRB pairs and logical eCCE is illustrated in Figure 1.  
As the configuration of PRB pairs for ePDCCH transmission may be UE-specific, it may happen that the same set of PRB pairs are configured for different UEs and the UEs share the same logical eCCEs and the mapping onto the physical eCCEs. In this case, when two UE’s ePDCCHs have the same logical eCCE(s) and are mapped onto the same physical eCCEs for MU-MIMO, it will result in PUCCH ACK/NACK resource collision if the index of the lowest logical eCCE of ePDCCH is used.  
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Figure 1. The mapping relation between the logical eCCE and the configured PRB pairs
To avoid the potential PUCCH ACK/NACK resource collision, it is proposed to introduce ARI in DCI, which is used to adjust the PUCCH ACK/NACK resource [1]. The index of the lowest logical eCCE and the ARI are jointly utilized to determine the resource. When two UE’s ePDCCHs have the same logical eCCE index, eNB will assign different value of ARI for these two UEs to separate the resource. This method increases the overhead in DCI and has some scheduling restriction when the ARI cannot solve the collision. Hence, an implicit method is preferred to determine the PUCCH ACK/NACK resource.  
Though different UE’s ePDCCH could have the same logical eCCE index, the used antenna port (AP) for each scheduled ePDCCH in the same PRB pair must be different (i.e., the used AP to transmit the ePDCCH is unique) based on the agreed AP association for localized transmission in RAN1#69. The agreement of  AP association is that each physical eCCE index is associated with one AP by specification, and one AP is selected among the associated APs of one ePDCCH within one PRB pair for demodulation. Hence, the index of the AP transmitting ePDCCH can be utilized to determine the PUCCH ACK/NACK resource. 
In case an ePDCCH is mapped onto more than one PRB pair (e.g., the aggregation level of the ePDCCH is 8 eCCEs and two PRB pairs are used), the number of used APs for this ePDCCH will be more than one because there is one AP per PRB pair. Among the multiply used APs, the AP in the PRB pair on which the first logical eCCE of the ePDCCH is mapped should be selected because there is no ambiguity on the first logical eCCE detection. In addition to the AP index, the VRB index shown in Figure 1 should also be utilized to distinguish the PUCCH ACK/NACK resources corresponding to the ePDCCHs mapped onto the different VRBs. Similarly, the index of the VRB that the first logical eCCE of an ePDCCH locates at is used. 
Hence, it is proposed that both VRB index and AP index are utilized to implicitly determine the PUCCH ACK/NACK resource, where the VRB contains the first logical eCCE of the detected ePDCCH and the AP is used for the demodulation of ePDCCH in the PRB pair on which the first logical eCCE of the ePDCCH is mapped. 
It is noted that the same AP for ePDCCH may use different scrambling sequence [2]. In this case, the DMRS scrambling sequence related parameter 
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 can be additionally utilized to determine the PUCCH ACK/NACK resource. 
Take Figure 1 as an example, where four VRBs labeled as VRB 0~3 are for ePDCCH, and there are four APs labeled as AP 0~3 in each PRB pair. Based on the proposal, the PUCCH ACK/NACK resource 
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where the parameter 
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 indicates the starting location of PUCCH ACK/NACK resource region, and the number ‘4’ represents there are four APs for use in each PRB pair. The configuration of 
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 is proposed to be UE-specific in order to enable the PUCCH ACK/NACK region for different UEs to be consecutive, which can release some unused PUCCH resources for PUSCH scheduling. Furthermore, it can achieve cell splitting gain for PUCCH ACK/NACK transmission in CoMP scenario 4.
As an important motivation of localized ePDCCH transmission is to achieve frequency scheduling gain, each ePDCCH would be scheduled on the bandwidth with good channel quality. Thus, the configured PRB pairs for different UE’s ePDCCH transmission could be different as illustrated in Figure 2. According to (1), the PUCCH ACK/NACK resource for UE 1 and UE 2 can be illustrated by,
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Figure 2. PRB pairs configuration for different UEs 
In case UE-specific configuration 
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, the parameter 
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 for UE 2 can be set so that the first PUCCH ACK/NACK resource of 
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 is next to the last one of UE1. For example, 
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, then the PUCCH ACK/NACK resource region for UE1 and UE2 will be consecutive.
If the ePDCCH arrangement order is from the low index VRB to high index VRB in each set of configured resources for ePDCCH transmission, a global and block interleaved indexing can be used for VRB, which can release more unused resources, which is illustrated in Figure 3. For example, the ePDCCH of UE 1 is arranged on the first two VRBs  (i.e., VRB 0 and VRB 3) in its configured resources and the ePDCCH of UE 3 is arranged on the first VRB (i.e., VRB 2), then the PUCCH ACK/NACK resources corresponding to VRB 5,6,7 would be empty, which can be released for other transmission. 
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Figure 3. Global and block interleaved indexing for VRB  
2.2 Distributed ePDCCH transmission 

For distributed transmission, an eCCE is formed by aggregating several eREGs, which are distributed across different PRB pairs. As UE knows the PRB pairs configured for distributed transmission, the total number of eREGs and the number of corresponding eCCEs can be obtained. Since MU-MIMO is not expected in case of distributed transmission, there should not be the case of two ePDCCHs sharing the same eCCE index. Hence, the index of the first eCCE of one detected ePDCCH can be used to implicitly determine the PUCCH ACK/NACK resource, which is similar to the PUCCH ACK/NACK resource determination in response to PDCCH scheduling. The difference is that the parameter 
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 indicating the starting location of PUCCH ACK/NACK region for distributed transmission is UE-specific configuration. The reason is that the UE-specific configuration is flexible for PUCCH ACK/NACK resource coordination. The PUCCH ACK/NACK resource determination in case of distributed transmission can be formulated as  
.
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where neCCE is the index of the first eCCE of the ePDCCH. 
3 PUCCH ACK/NACK resource collision avoidance 

For PDCCH scheduling, the PUCCH ACK/NACK resource is implicitly determined by the index of the first CCE of the detected PDCCH and a cell-specific parameter
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. For ePDCCH scheduling, there are the corresponding PUCCH ACK/NACK resources as well based on the proposals. It was agreed in the email discussion that the collision of PUCCH ACK/NACK resources corresponding to PDCCH and ePDCCH shall be avoided. 

As discussed in section 2, the UE-specific configuration parameter 
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 is introduced for both localized and distributed ePDCCH transmission. Due to the flexibility of using the UE-specific parameter 
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, the eNB can coordinate the PUCCH ACK/NACK resource in response to ePDCCH and PDCCH scheduling to avoid the potential resource collision by adjusting the value of 
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 for ePDCCH. 
4 Conclusion

In this document, the PUCCH ACK/NACK resource determination for both localized and distributed ePDCCH transmission is discussed. Based on the discussion, there are the following proposals,

· For localized transmission
· The AP index and VRB index are used to implicitly determine the PUCCH ACK/NACK resources, where the AP is used for the demodulation of ePDCCH in the PRB pair on which the first logical eCCE of the ePDCCH is mapped and the VRB contains the first logical eCCE of the ePDCCH.

· In case the same AP associated with different scrambling sequence, the scrambling sequence related parameter 
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 can be additionally used. 
· For distributed transmission, the index of the first eCCE of the detected ePDCCH is used to implicitly determine the PUCCH ACK/NACK resources. 
· The parameter 
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 indicating the starting location of PUCCH ACK/NACK resource region is UE-specific configuration.
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