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1 Introduction 
In the RAN1 #60 meeting, the following was agreed on ACK/NAK transmission in response to downlink data transmission over more than one component carrier (CC) [1]:
Agreements from the RAN1 #60 meeting:
· A single UE-specific UL CC is configured semi-statically for carrying PUCCH A/N, SR, and periodic CSI from a UE
· Method for assigning PUCCH resource(s) for a UE on the above single UL carrier in case of carrier aggregation

· Implicit / Explicit / Hybrid: FFS
In addition, the following issues were identified for further discussion:
Simultaneous PUCCH signals:
· How many simultaneous PUCCH signals?

 A/N multiplexing methods:

· PUCCH format 1b with SF reduction to 2 or 1

· Channel selection, e.g. with:

· extended to support 5 CCs

· used in conjunction with another scheme for the 5th CC

· with spatial bundling for dual codeword case

· PUCCH format 2 

· New PUCCH signal/format (e.g. DFT-S-OFDM based) 

Bundling issues:

· A/N bundling within / across CCs

· Also consider TDD

This contribution discusses the uplink ACK/NAK multiplexing and resource allocation options for carrier aggregation in the absence of PUSCH transmission. 
2 Discussion
2.1 Comparison of ACK/NAK multiplexing methods
For a UE served by multiple DL CCs, the maximum number of ACK/NAK feedback states is 5N, where N (
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5) is the number of DL CCs that have been configured or activated for the UE [2]. The actual number of ACK/NAK feedback states per CC for a UE to support varies depending on the transmission mode (TM) of the UE since the UE can be configured to be in a different TM on a different CC.

Table 1 Comparison of ACK/NAK transmission formats
	
	No. of modulation symbols per UE
	UE multiplexing Capability

	PUCCH Format 1b with SF = 2
	4
	max. 24

	PUCCH Format 1b with SF = 1
	8
	max. 12

	PUCCH Format 2 
	10
	max. 12

	DFT-S-OFDM based  with SF = 6
	24
	max. 6

	DFT-S-OFDM based  with SF = 3
	48
	max. 3


Table 1 compares the number of modulation symbols and multiplexing capability between different ACK/NAK transmission formats. PUCCH Format 2 and DFT-S-OFDM based methods [3] can support relatively large amounts of feedback bits. Although not shown in the table, channel selection similar to Rel-8 TDD or the variations such as slot-level and sequence-level channel (or resource) selections [4][5] are possible options.

2.2 Multiplexing for a small number of DL CCs
The PUCCH format 1b with SF = 2 or 1 can support 2 or 4 ACK/NAK symbols (assuming that the Rel-8 slot-based frequency-hopping is applied) but the link reliability can significantly deteriorate due to the reduced energy per symbol. In contrast, the performance of the channel selection based methods does not degrade quickly as the number of the detection hypotheses (channels or sequences) increases. In this context, channel or resource selection seems promising for a small number of ACK/NAK feedback bits. 
We consider several resource selection schemes including the channel selection method similar to Rel-8 TDD ACK/NAK multiplexing and the variations such as slot-level resource selection and sequence-level  sequence selection [4][5]. The number of feedback states that each scheme can support is described below and in Table 2.
Resource selection methods:

· Channel selection as in Rel-8 TDD ACK/NAK multiplexing:  N x 2b
· Slot-level resource selection: N2x 2b states 
· Sequence-level resource selection:  N4 x 2b states, constrained to allocate the N channels in the same RB,
where b = 1 or 2, and N is the number of ACK/NAK channels, which is equal to the number of DL CCs that have been configured or activated for the UE.

Table 2 Comparison of resource selection methods
	Methods
	Max no. of states

	
	N = 2
	N = 3
	N = 4
	N = 5

	Number of required states 5N-1
	24
	124
	624
	3124

	Rel-8 TDD channel selection
	8
	12
	16
	20

	Slot-level resource selection [4]
	16
	36
	64
	100

	Sequence-level resource selection [4]
	64
	324
	1024
	2500


Note that the sequence-level selection scheme [4] can cover up to N = 4 DL CCs without any loss of  ACK/NAK states while both Rel-8 TDD channel selection and slot-level resource selection require partial bundling of ACK/NAK bits.

Resource mapping:

For 1: many PDCCH CC: PDSCH CC mapping, the Rel-8 resource mapping rule can be reused. If the Rel-8 resource mapping rule applied, multi-ACK/NAK resources are available in the corresponding UL CC (with the assumption of DL-UL CC paring), and LTE-Advanced and LTE UEs can share the same PUCCH ACK/NAK resource space. 
In the case of many: many PDCCH CC: PDSCH CC mapping, since the ACK/NAK transmission has to occur on only one UL CC, the UE needs to be assigned new ACK/NAK resources in the UL CC. The resource mapping can be implicit or explicit. Implicit resource mapping allowing the sharing of the same resource space with the Rel-8 UEs is preferred. 
Proposal 1: The sequence-level resource selection should be considered for multiplexing a small number of ACK/NAK bits.
2.3 Multiplexing for a large number of DL CCs
Both the PUCCH format 2 and new DFT-S-OFDM based transmission formats can support relatively a large number of feedback bits but the DFT-S-OFDM based transmission seems more suitable since it can accommodate a larger number of ACK/NAK bits of up to12 bits with a lower code rate (
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1/4). Furthermore, the DFT-S-OFDM based scheme can provide a flexible design with variable amount of modulation symbols and multiplexing capability by changing the time-domain spreading factor. For simplicity, we propose to use the DFT-S-OFDM based transmission with a variable time-domain spreading factor to support relatively a large number of ACK/NAK feedback bits. The time-domain spreading can also change depending on the geometry and the speed of the UE. For instance, the PUSCH-like one-RS structure can use a different spreading factor, i.e., SF = 6 or 3, depending on the situation. 

Proposal 2: Use the DFT-S-OFDM based transmission for multiplexing a relatively large number of ACK/NAK bits.
Resource mapping:
Since the DFT-S-OFDM based format is not compatible with the existing Rel-8 PUCCH formats, multiplexing LTE and LTE-A CA UEs in the same resources are not feasible. Also considering that only a small number of UEs would be configured with a relatively large number of DL CCs, explicit resource mapping would not incur a large ACK/NAK channel overhead. 
2.4 Generation of ACK/NAK information
To avoid the misunderstanding between the UE and the eNB on what CCs are targeted by the ACK/NAK bits transmitted by the UE, the ACK/NAK information generated by the UE should be about a fixed set of DL CCs. Possible candidates for such a fixed set of DL CCs are the configured DL CC set and the activated DL CC set. If any CC belonging to the fixed CC set is found without downlink assignment, the ACK/NAK feedback for the corresponding CC is explicitly signaled as DTX.
Proposal 3: The UE generates ACK/NAK information on a fixed set of DL CCs, and any CCs without DL assignments are explicitly signaled as DTX.

3 Conclusion
In conclusion, we have discussed uplink ACK/NAK multiplexing and resource allocation for carrier aggregation and proposed the following.  

Proposal 1: The sequence-level resource selection should be considered for multiplexing a small number of ACK/NAK bits.
Proposal 2: Use the DFT-S-OFDM based transmission for multiplexing a relatively large number of ACK/NAK bits.
Proposal 3: The UE generates ACK/NAK information on a fixed set of DL CCs, and any CCs without DL assignments are explicitly signaled as DTX.

References

[1] R1-101711, “Final report of RAN1#60 meeting”, MCC Support. 
[2] R1-100909, “A/N transmission in the uplink for carrier aggregation”, Ericsson, ST-Ericsson.
[3] R1-100876, “UL ACK/NACK Transmission Design in FDD with CA”, CATT.
[4] R1-102243, “Channel selection methods for ACK/NACK transmission in CA”, ETRI.
[5] R1-100462, “ACK/NACK Transmission on PUCCH for Carrier Aggregation”, ETRI.

[6] R1-101394, “PUCCH ACK/NAK resources for carrier aggregation”, ETRI. [image: image3.png]


[image: image4.png]


[image: image5.png]








































































PAGE  
4/4

_1331982073.unknown

_1331982384.unknown

