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1 Introduction
One important aspect of ePDCCH design is PUCCH HARQ-ACK resource determination. This topic was discussed at RAN1 #70 and some agreements were reached. In this contribution we share our views on some remaining details of PUCCH resource allocation for ePDCCH.
2 Discussion
At RAN1 #70, the following were agreed

· Lowest eCCE index of the corresponding EPDCCH is a component of PUCCH resource determination

· A UE is configured with a semi-static PUCCH resource starting offset for each EPDCCH set; eCCE is indexed per EPDCCH set 

Based on the agreement, the PUCCH resource regions for ePDCCH are configured separately from PDCCH. Moreover, the PUCCH resource region is configured individually for each ePDCCH set in a UE-specific manner. This provides a large flexibility for the eNB to manage PUCCH resources. In particular, the PUCCH resource regions for PDCCH and ePDCCH could be configured to be orthogonal, partially overlapped or totally overlapped to cope with different scenarios. 

In case PUCCH resource regions are overlapped, there will be PUCCH resource collision which prevents the users from being scheduled simultaneously. One could resolve this by configuring orthogonal PUCCH resource regions. However, this may lead to inefficient PUCCH resource utilization at low load as raised in [1] although it is questionable whether a large set of ePDCCH resources should be configured at low system load. Apart from this, the search space design as well as the scheduler implementation also has an impact on the PUCCH blocking probability. Therefore, it remains unclear whether the PUCCH resource utilization efficiency is a serious problem in practice. 

It was proposed in [1] to signal a dynamically PUCCH resource offset (e.g. 2 bits ARI) in DCI to reduce the PUCCH resource blocking probability. The problem with this solution is the additional overhead in DCI. Based on the agreements at RAN1 #70, the working assumption is to support all DCI formats in UE-specific search space. This implies that if the ARI based solution was agreed, all the DCI should have two additional bits even for DCI format 0, which has an impact on control channel coverage. Therefore, it is not clear whether the benefit achieved from PUCCH resource blocking reduction could justify the additional overhead in DCI especially in case when multiple ePDCCH sets are configured. However, it could be discussed whether the existing bits (e.g. SCID in DCI format 2C) could be reused to reduce the PUCCH resource blocking without any impact on the DCI.

Proposal 1: The dynamically signalled PUCCH resource offset should not be used in PUCCH HARQ-ACK resource determination for ePDCCH.
It is common understanding that MU-MIMO can be supported for localized ePDCCH. In this case, multiple UEs occupy the same eCCEs but on different antenna ports. To avoid resource collisions among the multiple scheduled users, the antenna port index of the corresponding ePDCCH could be used to determine the PUCCH HARQ-ACK resource as proposed in [2]. 

Proposal 2: The antenna port information should be used in determining the PUCCH HARQ-ACK resource for localized ePDCCH to avoid collisions for MU-MIMO.
TDD PUCCH HARQ-ACK resource allocation for ePDCCH has not been addressed in previous discussions. The challenge to TDD PUCCH resource allocation is the uplink and downlink asymmetry. When the eNB is configured with more DL subframes than UL, the one-to-one mapping rule from FDD can not be reused since the PUCCH resources will collide with each other across different downlink subframes. Furthermore, PUCCH resource utilization needs to be considered to avoid excessive resource reservation for PUCCH HARQ-ACK transmission. In current specification, TDD PUCCH resource allocation for PDCCH has already taken the above issues into account. 

As an example shown in Figure 1, the PUCCH resources will be stacked first for the DCIs belonging to the first one-third CCEs of the control region across multiple subframes, followed by the DCIs belonging to second one-third CCEs and finally the last one-third CCEs. The design philosophy is that when the system load is low, the control region could be automatically compressed by dynamically changing the control region size so that the PUCCH HARQ-ACK resource could be compressed to a continuous region. 

[image: image1.emf]PUCCH resource

DL DL DL DL UL

…

SF 0

SF 1 SF 2

SF 3

ACK/NAK

SF 0

SF 1

SF 2

SF 3

SF 0

SF 1

SF 2

SF 3

SF 0

SF 1

SF 2

SF 3

0

N

1

N

2

N

3

N

 

 

 

3 , 2 , 1 , 0 , 36 / )] 4 ( [ , 0 max ,

) 1 (

RB

sc

DL

RB 1 CCE,

(1)

PUCCH CCE, 1

) 1 (

PUCCH,

      

       





c c N N N N n N

N n N i N i M n

c c i c

i c c i

PUCCH resource

DL DL DL DL UL

…

SF 0

SF 1 SF 2

SF 3

ACK/NAK

DL DL DL DL UL

…

SF 0

SF 1 SF 2

SF 3

ACK/NAK

SF 0

SF 1

SF 2

SF 3

SF 0

SF 1

SF 2

SF 3

SF 0

SF 1

SF 2

SF 3

SF 0

SF 1

SF 2

SF 3

SF 0

SF 1

SF 2

SF 3

SF 0

SF 1

SF 2

SF 3

0

N

1

N

2

N

3

N

 

 

 

3 , 2 , 1 , 0 , 36 / )] 4 ( [ , 0 max ,

) 1 (

RB

sc

DL

RB 1 CCE,

(1)

PUCCH CCE, 1

) 1 (

PUCCH,

      

       





c c N N N N n N

N n N i N i M n

c c i c

i c c i


Figure 1 TDD PUCCH HARQ-ACK resource allocation for the case with multiple DL transmissions with ACK/NAK feedback in single UL subframe
Due to the differences in resource structures, the current design for PDCCH can not be reused for ePDCCH. The design for ePDCCH should still take PUCCH resource blocking probability and resource utilization into account. Keeping this in mind, we have the following proposal: the PUCCH HARQ-ACK resources are stacked for each ePDCCH set across subframes independently. 

Proposal 3: For PDSCH transmission indicated by the detection of corresponding ePDCCH or an ePDCCH indicating downlink SPS release within subframe 
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  as defined in Table 10.1.3.1-1 [3], the UE shall determine the PUCCH resource 
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where 
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 is the antenna port used for ePDCCH demodulation, 
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The intention of this proposal is to provide the eNB possibilities to stack PUCCH resources to a continuous region, especially at low load. However, this may introduce additional PUCCH resource collisions among different subframes, which is not preferred. This could be solved by either configuring orthogonal PUCCH resource regions for different ePDCCH set or optimized by introducing another UE-specific offset dependent on 
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As an example, a user is configured with 3 ePDCCH sets of 4 PRB pairs, a semi-static PUCCH resource start position 
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 is configured for set k. The PUCCH resource allocation is shown in Figure 2.
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Figure 2 TDD PUCCH HARQ-ACK resource allocation for ePDCCH
3 Conclusion
This contribution discussed the issue related to PUCCH HARQ-ACK resource allocation for ePDCCH scheduled downlink transmission. Based on the discussion, we propose the following 

Proposal 1: The dynamically signalled PUCCH resource offset should not be used in PUCCH HARQ-ACK resource determination for ePDCCH.
Proposal 2: The antenna port information should be used in determining the PUCCH HARQ-ACK resource for localized ePDCCH to avoid collisions for MU-MIMO.
Proposal 3: For PDSCH transmission indicated by the detection of corresponding ePDCCH or an ePDCCH indicating downlink SPS release within subframe 
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