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1 Introduction

This document discusses PUCCH resource allocation for carrier aggregation for EPDCCH. 
2 Discussion
2.1 Supporting HARQ-ACK transmission schemes for EPDCCH

For PDCCH, PUCCH format 1b with channel selection and PUCCH format 3 are supported in order to transmit multiple HARQ-ACK bits on multiple serving cells. Irrespective of PDCCH or EPDCCH, support of these HARQ-ACK transmission schemes is essential. 

Proposal1: PUCCH format 1b with channel selection and PUCCH format 3 are supported for EPDCCH.

2.2 PUCCH resource allocation for PUCCH format 1b with channel selection and PUCCH format 3 for EPDCCH
For PDCCH, PUCCH format 3 supports fallback to PUCCH format 1a/1b. This is because reservation of PUCCH format 3 can be avoided when only a small number of HARQ-ACK bits is transmitted such as PCell only scheduling, and because ambiguity of PUCCH resource can be avoided during reconfiguration between non-CA and CA. These merits are valid also for EPDCCH. Hence we propose the fallback is supported for PUCCH format 3 for EPDCCH. For PUCCH format 1b with channel selection, the channel selection scheme itself implicitly includes the fallback. Therefore, there is no need of such discussion.
Proposal2: Fallback to PUCCH format 1a/1b is supported for PUCCH format 3 for EPDCCH.
For PDCCH, PUCCH format 1b with channel selection and PUCCH format 3 uses RRC configured resources. Regardless whether DL assignment is PDCCH or EPDCCH, the same RRC configured resources can be used.

Proposal3: The higher layer configured resources for PUCCH format 1b with channel selection and PUCCH format 3 are common between PDCCH based assignment and EPDCCH based assignment.

PUCCH resource allocation for carrier aggregation can be classified into following three cases;
Case 1: PDSCH on PCell is scheduled from PCell (self scheduling on PCell)
Case 2: PDSCH on SCell is scheduled from SCell (self scheduling on SCell or cross scheduling from SCell)
Case 3: PDSCH on PCell is scheduled from SCell (cross scheduling from PCell)
PUCCH resource allocation is different between FDD and TDD, so we discuss them separately.
FDD

PUCCH resource allocation for PDCCH for FDD is summarized as Table 1. Case 3 is only when UE supports cross-carrier scheduling.  

Table 1   PUCCH resource allocation for PDCCH for FDD
	Case
	PDCCH to PDSCH
	PUCCH resource allocation for PDCCH

	1
	PCell to PCell
	Implicit resource is used.
TPC field is used for TPC command.

	2
	SCell to SCell
	Explicit resource with ARI is used.

TPC field is used for the ARI.

	3
	PCell to SCell

(cross-carrier scheduling)
	For PUCCH format 1b with channel selection, same as Case 1.

	
	
	For PUCCH format 3, same as Case 2.


For EPDCCH, non-CA operation is discussed in [3]. We propose not to support cross-carrier scheduling in [4]. For CA, we propose the behaviour of Table 2 for both channel selection and format 3. Note that if cross carrier scheduling is supported and ARI for non-CA is supported, PCell to SCell case needs to be supported. In such case, channel selection is same as Case 1. PUCCH format 3 is same as Case 2. Padding bits are added to SCell EPDCCH.
Table 2   PUCCH resource allocation for EPDCCH for FDD
	Case
	EPDCCH to PDSCH
	PUCCH resource allocation for EPDCCH

	1
	PCell to PCell
	Implicit resource with ARI is used. The ARI is by additional bits.
TPC field is used for TPC command

	2
	SCell to SCell
	Explicit resource with ARI is used.

TPC field is used for the ARI.


TDD
PUCCH resource allocation for PDCCH for TDD is summarized as Table 3. Only the difference from FDD is Case 1. Hence we explain Case 1 only.

Table 3   PUCCH resource allocation for PDCCH for TDD
	Case
	PDCCH to PDSCH
	PUCCH resource allocation for PDCCH

	1
	PCell to PCell
	For PUCCH format 1b with channel selection with M=1, 3, 4 with DAI=1 or with M=2, or 
For PUCCH format 3 with DAI=1,

Implicit resource is used. ARI is not necessary.

TPC field is used for TPC command.

	
	
	For PUCCH format 1b with channel selection with M=3, 4 with DAI>1 or

No resource is indicated.

TPC field is used for TPC command.

	
	
	For PUCCH format 3 with DAI>1, same as Case 2.

	2
	SCell to SCell
	Explicit resource with ARI is used.

TPC field is used for the ARI. The ARI does not require additional bits.

	3
	PCell to SCell

(cross-carrier scheduling)
	For PUCCH format 1b with channel selection, same as Case 1.

	
	
	For PUCCH format 3, same as Case 2.


As described in FDD, we propose to support ARI for non-CA and not to support cross carrier scheduling. For CA, we propose the behaviour of Table 4 for both channel selection and format 3. 
In Table 4, DCI payload size in Case 1 is different depending on DAI values in the same bundling window. DAI is indicated in each DL assignment. This means once UE misdetects DL assignment with DAI=1, misunderstanding of payload size will occur between eNB and the UE for the bundling window. To avoid the misunderstanding, we prefer to pad additional bits to the smaller number of payload size. Hence our proposal is summarized as Table 4 for TDD.
Similar to FDD, if cross carrier scheduling is supported and ARI for non-CA is supported, PCell to SCell case needs to be supported. In such case, channel selection is same as Case 1. PUCCH format 3 is same as Case 2. Padding bits are added to SCell EPDCCH.
Table 4   PUCCH resource allocation for EPDCCH for TDD
	Case
	EPDCCH to PDSCH
	PUCCH resource allocation for PDCCH

	1
	PCell to PCell
	For PUCCH format 1b with channel selection with M=1, 3, 4 with DAI=1 or with M=2, or

For PUCCH format 3 with DAI=1,

Implicit resource with ARI is used. The ARI is by additional bits
TPC field is used for TPC command

	
	
	For PUCCH format 1b with channel selection with M=3, 4 with DAI>1

No resource is indicated.

TPC field is used for TPC command. Additional bits are padded.

	
	
	For PUCCH format 3 with DAI>1, same as Case 2
except that additional bits are padded.

	2
	SCell to SCell
	Explicit resource with ARI is used. 
TPC field is used for the ARI.


3 Conclusion 
In this contribution, we discussed PUCCH resource allocation for carrier aggregation for EPDCCH. We propose the following;
Proposal1: PUCCH format 1b with channel selection and PUCCH format 3 are supported for EPDCCH.

Proposal2: Fallback to PUCCH format 1a/1b is supported for PUCCH format 3 for EPDCCH.
Proposal3: The higher layer configured resources for PUCCH format 1b with channel selection and PUCCH format 3 are common between PDCCH based assignment and EPDCCH based assignment.

Proposal4: PUCCH resource allocation for EPDCCH for FDD is as the table below.

	Case
	EPDCCH to PDSCH
	PUCCH resource allocation for EPDCCH

	1
	PCell to PCell
	Implicit resource with ARI is used. The ARI is by additional bits.
TPC field is used for TPC command

	2
	SCell to SCell
	Explicit resource with ARI is used.

TPC field is used for the ARI.


Proposal5: PUCCH resource allocation for EPDCCH for TDD is as the table below.

	Case
	EPDCCH to PDSCH
	PUCCH resource allocation for PDCCH

	1
	PCell to PCell
	For PUCCH format 1b with channel selection with M=1, 3, 4 with DAI=1 or with M=2, or

For PUCCH format 3 with DAI=1,

Implicit resource with ARI is used. The ARI is by additional bits
TPC field is used for TPC command

	
	
	For PUCCH format 1b with channel selection with M=3, 4 with DAI>1

No resource is indicated.

TPC field is used for TPC command. Additional bits are padded.

	
	
	For PUCCH format 3 with DAI>1, same as Case 2
except that additional bits are padded.

	2
	SCell to SCell
	Explicit resource with ARI is used. 
TPC field is used for the ARI.
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