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1. Introduction

In RAN1#62bis meeting in Xian, the following was agreed on the resource allocation of PUCCH format 3 for the LTE-A UL ACK/NACK design in carrier aggregation [1]. 

	· TPC field in the PDCCH corresponding to PDSCH on Pcell is used as TPC command, TPC field (2 bits) in the PDCCH corresponding to PDSCH on Scell is used as ARI.
· If no PDCCH corresponding to PDSCH on SCells is received, and PDSCH is received on the PCell, Rel-8 PUCCH 1a/1b resource is used.


This paper makes suggestions on the remaining details of the resource allocation of PUCCH format 3. This paper also discusses the PUCCH 1a/1b resource allocation for ACK/NACK channel selection and makes suggestions.
2. Usage of ARI for PUCCH format 3
While it was agreed that ARI carried by PDCCH scheduling SCell indicates PUCCH format 3 resource, the exact definition of the ARI should be decided. When the SORTD is not applied, we suggest 2 bits ARI indicates one of the four PUCCH format 3 resources assigned by RRC signalling.

When the SORTD is applied (if introduced), we consider the following two alternatives.

Alternative a) 2 bits ARI indicates a pair of PUCCH format 3 resources among four pairs of PUCCH format 3 resources assigned by RRC signalling.
Alternative b) Each ARI bit indicates a PUCCH format 3 resource among two PUCCH format 3 resources assigned for each TX antenna by RRC signalling. That is, the first ARI bit indicates a PUCCH format 3 resource for the first TX antenna and the second ARI bit indicates a PUCCH format 3 resource for the second TX antenna.

Suggestion 1: For the PUCCH format 3 without SORTD, 2 bits ARI in the PDCCH for DL SCC scheduling indicates one among the four PUCCH format 3 resources assigned by RRC signalling.
Suggestion 2: For the PUCCH format 3 with SORTD (if introduced), decide between alternative a) and alternative b) in section 2 for the ARI operation.

3. Resource allocation for ACK/NACK channel selection
For the PUCCH format 1a/1b resource for ACK/NACK channel selection, the exact resource allocation method and the usage of ARI are not decided yet. This section discusses the resource allocation method for ACK/NACK channel selection and makes suggestions. Especially, we consider both cases where TX diversity (if SORTD is introduced) is applied and not applied for the ACK/NACK channel selection.

3.1. No TX diversity case
This section suggests PUCCH format 1a/1b resource allocation for channel selection in case where TX diversity is not applied.
In case of FDD with 2 carriers configured
For the UEs configured with 2 carriers in FDD, we suggest the following PUCCH resource allocation methods to maximize the reuse of Rel-8 PUCCH 1a/1b resources, depending on whether cross-carrier scheduling is configured or not.

In case of cross carrier scheduling, 1 (with single codeword configured) or 2 (with two codewords configured) PUCCH resources are derived implicitly from each PDCCH which schedules PCell or SCell. That is, for a cell with two codewords configured, the first PUCCH resource is derived from the first CCE of the PDCCH and the second PUCCH resource is derived from the CCE next to the first CCE of the same PDCCH. In table 1, this operation is illustrated, where PCell#1/PCell#2 and SCell#1/SCell#2 indicate first/second resource for PCell and SCell respectively. In the table, IMPP1/IMPP2 and IMPS1/IMPS2 indicate PUCCH resources implicitly derived from the PDCCH which schedules PCell and SCell respectively.
In this case, 2 bits ARI in the PDCCH scheduling SCell can be used to adjust the second PUCCH resource for SCell (IMPS2 in table 1) to the nearby PUCCH resources to relax the PDCCH scheduling restriction when the PDCCH consists of a single CCE. In this case, ARI indicates offset to the second PUCCH resource derived from the PDCCH.
It should be noted that, in this paper, we illustrate examplary tables assuming both PCell and SCell are configured with two codewords in general (as in table 1). However, those examples can be applied to the cases where PCell or SCell is configured with single codeword by only using the PUCCH resources defined for the first PUCCH resources for PCell or SCell (PCell#1 or SCell#1 in the exemplary tables)

Table 1.  w/o TxD, cross carrier scheduling, 2 carriers configured, FDD

	PCell #1
	PCell #2
	SCell #1
	SCell #2

	IMPP1
	IMPP2
	IMPS1
	IMPS2


Suggestion 3: In case of cross carrier scheduling, PUCCH resources are derived implicitly. In this case the second PUCCH resource for SCell can be adjusted by ARI in PDCCH which schedules SCell.
In case of non-cross carrier scheduling, 1 or 2 PUCCH resources are derived implicitly from the PDCCH which schedules PCell depending on the MIMO configuration on PCell. For SCell, 1 or 2 PUCCH resources are assigned explicitly depending on the MIMO configuration on SCell. In table 2 this operation is illustrated, where EXPS1/EXPS2 indicates the first/second resource assigned explicitly for SCell.

In this case, 2 bits ARI in the PDCCH scheduling SCell can be used to indicate explicit resources for SCell. 2 bits ARI indicates 1 among 4 PUCCH resources assigned by RRC in case of single codeword configuration and 2 among 8 PUCCH resources assigned by RRC in case of two codewords configuration.
Table 2.  w/o TxD, non-cross carrier scheduling, 2 carriers configured, FDD

	PCell #1
	PCell #2
	SCell #1
	SCell #2

	IMPP1
	IMPP2
	EXPS1
	EXPS2


Suggestion 4: In case of non-cross carrier scheduling, PUCCH resources for PCell are derived implicitly and the PUCCH resources for SCell are assigned explicitly, where the PUCCH resources for SCell are indicated by ARI.
In case of FDD with more than 2 carriers configured or in case of TDD
In case of FDD with more than 2 carriers configured or in case of TDD, we suggest assigning whole PUCCH resources for ACK/NACK channel selection explicitly regardless of PCell or SCell for simplicity. In this case, details of ARI usage should be discussed further.
Suggestion 5: In case of FDD with more than 2 carriers configured or in case of TDD, whole PUCCH resources for ACK/NACK channel selection are assigned explicitly.
3.2. TX diversity case

When TX diversity (if introduced) is applied to ACK/NACK channel selection, we consider two options for the PUCCH resource allocation as follows.

3.2.1. Option 1 for TX diversity case
In case of FDD with 2 carriers configured
In case of cross carrier scheduling, with single codeword configuration for PCell or SCell, one pair of PUCCH resources for the two TX antennas is derived implicitly from the PDCCH which schedules PCell or SCell, which is in line with the SORTD resource allocation for PUCCH format 1/1a/1b in general cases. With two codewords configured, the second pair of PUCCH resources for the two TX antennas for PCell or SCell is assigned explicitly. In this case, 2 bits ARI in the PDCCH scheduling SCell can be used to indicate explicit PUCCH resources.
Table 3.  w/ TxD, cross carrier scheduling, 2 carriers configured, FDD

	TX ant.
	PCell #1
	PCell #2
	SCell #1
	SCell #2

	TX #1
	IMPP1
	EXPP1
	IMPS1
	EXPS1

	TX #2
	IMPP2
	EXPP2
	IMPS2
	EXPS2


In case of non-cross carrier scheduling, with single codeword configuration for PCell, two PUCCH resources for the two TX antennas are derived implicitly from the PDCCH which schedules PCell With two codewords configuration for PCell, the second pair of PUCCH resources for the two TX antennas for PCell is assigned explicitly. For SCell, two or four PUCCH resources for the two TX antennas are assigned explicitly depending on the MIMO configuration on SCell. In this case, 2 bits ARI in the PDCCH scheduling SCell can be used to indicate explicit PUCCH resources.
Table 4.  w/ TxD, non-cross carrier scheduling, 2 carriers configured, FDD

	TX ant.
	PCell #1
	PCell #2
	SCell #1
	SCell #2

	TX #1
	IMPP1
	EXPP1
	EXPS1
	EXPS3

	TX #2
	IMPP2
	EXPP2
	EXPS2
	EXPS4


In case of FDD with more than 2 carriers configured or in case of TDD
In case of FDD with more than 2 carriers configured or in case of TDD, whole PUCCH resources for ACK/NACK channel selection can be assigned explicitly regardless of PCell or SCell for simplicity. In this case, 2 bits ARI in the PDCCH scheduling SCell can be used to indicate explicit PUCCH resources.
3.2.2. Option 2 for TX diversity case
In case of FDD with 2 carriers configured
In case of cross carrier scheduling, with this option, PUCCH resource allocation for the first TX antenna is same with the no TX diversity case. On the other hand, all the PUCCH resources for the second TX antenna are assigned explicitly by the combination of ARI and RRC. This operation is illustrated in table 5.

In this case, the UE should fall back to the single antenna transmission in case of PCell only reception since ARI would not be supported by the PDCCH which schedules PCell.
Table 5.  w/ TxD, cross carrier scheduling, 2 carriers configured, FDD

	TX ant.
	PCell pair #1
	PCell pair #2
	SCell pair #1
	SCell pair #2

	TX #1
	IMPP1
	IMPP2
	IMPS1
	IMPS2

	TX #2
	EXPP2
	EXPP2
	EXPS1
	EXPS2


In case of non-cross carrier scheduling, whole PUCCH resources for the first and the second TX antennas are allocated explicitly by the combination of ARI and RRC for simplicity as illustrated in table 6. In this case, the UE should fall back to the Rel-8 ACK/NACK transmission in case of PCell only reception since ARI would not be supported by the PDCCH which schedules PCell.

Table 6.  w/ TxD, non-cross carrier scheduling, 2 carriers configured, FDD

	TX ant.
	PCell pair #1
	PCell pair #2
	SCell pair #1
	SCell pair #2

	TX #1
	EXPP1
	EXPP3
	EXPS1
	EXPS3

	TX #2
	EXPP2
	EXPP4
	EXPS2
	EXPS4


In case of TDD or FDD with more than 2 carriers configured
In case of TDD or FDD with more than 2 carriers configured, whole PUCCH resources for ACK/NACK channel selection can be assigned explicitly regardless of PCell or SCell for simplicity as in non-cross carrier scheduling.
Suggestion 6: If TxD for ACK/NACK channel selection is introduced, consider the two options in section 3.2 for the PUCCH resource allocation for the case where TxD is configured
4. Overall PUCCH resource allocation in LTE-A
Since new PUCCH format 3 is introduced in LTE-A, it should be decided how to put the PUCCH format 3 resources with other PUCCH formats, that is, PUCCH format 1a/1b/2. Basically, it is desirable to put PUCCH format 3 resource apart from the band edge to reduce the effect of out of band emission since PUCCH format 3 is likely to be transmitted with a relatively high transmission power. In general, we consider two alternatives for placing the PUCCH format 3.

Alternative 1) Fixed location of PUCCH format 3
In this alternative, location of PUCCH format 3 relative to the other PUCCH formats are fixed in the specification. PUCCH format 3 resources can be put inner most side next to the PUCCH format 1a/1b resources to minimize the effect of the out of band emission from the PUCCH format 2 as illustrated in figure 1(a), or PUCCH format 3 resources can be put between PUCCH format 2 and PUCCH format 1a/1b so that PUSCH resource and dynamic PUCCH format 1a/1b resource can be shared as in Rel-8 LTE as illustrated in figure 1(b).
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Figure 1  Two options for the fixed PUCCH format 3 location
Alternative 2) Configurable location of PUCCH format 3
In this alternative, network decides the location of the PUCCH format 3 and signals the starting RB for the PUCCH format 3 to the UE by RRC so that out of band emission or PUCCH resource sharing is handled by the network. 

Suggestion 7: Decide between fixed PUCCH format 3 location (with two options for this alternative) and configurable PUCCH format 3 location for the placement of PUCCH format 3 resources considering the out of band emission effect and the PUSCH/PUCCH resource utilization flexibility. 

5. Summary

This paper discussed the various issues to be decided for ACK/NACK resource allocation for both PUCCH format 3 and channel selection. The suggestions of this paper are summarized as follows.

· Regarding the ACK/NACK resource allocation for PUCCH format 3:

Suggestion 1: For the PUCCH format 3 without SORTD, 2 bits ARI in the PDCCH for DL SCC scheduling indicates one among the four PUCCH format 3 resources assigned by RRC signalling.

Suggestion 2: For the PUCCH format 3 with SORTD (if introduced), decide between alternative a) and alternative b) in section 2 for the ARI operation.

· Regarding the ACK/NACK resource allocation for channel selection without TxD:

Suggestion 3: In case of cross carrier scheduling with 2 carriers configured in FDD, PUCCH resources are derived implicitly. In this case the second PUCCH resource for SCell can be adjusted by ARI in PDCCH which schedules SCell.
Suggestion 4: In case of non-cross carrier scheduling with 2 carriers configured in FDD, PUCCH resources for PCell are derived implicitly and the PUCCH resources for SCell are assigned explicitly, where the PUCCH resources for SCell are indicated by ARI.
Suggestion 5: In case of FDD with more than 2 carriers configured or in case of TDD, whole PUCCH resources for ACK/NACK channel selection are assigned explicitly.
· Regarding the ACK/NACK resource allocation for channel selection with TxD (if introduced):

Suggestion 6: If TxD for ACK/NACK channel selection is introduced, consider the two options in section 3.2 for the PUCCH resource allocation for the case where TxD is configured
· Regarding the location of the PUCCH format 3 resources:

Suggestion 7: Decide between fixed PUCCH format 3 location (with two options for this alternative) and configurable PUCCH format 3 location for the placement of PUCCH format 3 resources considering the out of band emission effect and the PUSCH/PUCCH resource utilization flexibility. 
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