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1. Introduction

In LTE-Advanced (LTE-A) system, it should be decided how to realize UL ACK/NACK transmission corresponding to the PDSCH transmission over multiple DL component carriers (CC). There have been many proposals and discussions on UL ACK/NACK transmission in LTE-A [1]-[10]. In this paper, we introduce general approaches for both FDD and TDD considering the impacts of UL CM restriction and UL TxP limitation.
2. Basic issues for UL ACK/NACK design
Here, we introduce some basic issues and assumptions for UL ACK/NACK design before discuss the details as follows.

· There can be approaches of increasing UL ACK/NACK bits by exploiting multiple UL transmit antennas. However, we discuss the UL ACK/NACK transmission with single transmit antenna in this paper and we think single antenna transmission should be a baseline for extension to the multiple transmit antennas.
· In this paper, we focus on the UL ACK/NACK transmission with sort of PUCCH format 1A/1B, that is, orthogonal cover per slot is used as in Rel-8 LTE. However, there can be another approach of increasing UL ACK/NACK bits by exploiting a sort of PUCCH format 2/2A/2B, that is, ACK/NACK bit modulation per symbol.
· Though multiple PUSCH transmissions over multiple CCs and CL-DFT-S-OFDMA transmission in each CC are introduced for LTE-A, UL CM reduction may still have to be considered. Table 1 shows the UL CM values according to the number of coincident PUCCH transmissions, where the case of same cyclic shifts may be regarded as the worst examples since the frequency separation between multiple PUCCHs are set to be same in the examples. In this paper, we consider two cases regarding CM value restriction in UL ACK/NACK design. That is, no restriction on CM value and restricting CM value by restricting the maximum number of coincident PUCCH transmissions up to, e.g., two for each UE (even for the UEs without TxP limitation).

Table 1. CM values according to the number of coincident PUCCH transmission

	
	Same cyclic shifts for multiple PUCCH

Same PUCCH RB distance
	Random cyclic shifts for multiple PUCCH

Same PUCCH RB distance

	# PUCCH
	1
	2
	3
	4
	5
	1
	2
	3
	4
	5

	MIN
	0.22
	2.77
	3.64
	4.06
	4.30
	0.22
	2.14
	2.77
	3.11
	3.30

	MAX
	1.10
	3.65
	4.55
	4.99
	5.19
	1.09
	2.58
	3.10
	3.32
	3.47

	AVG
	0.71
	3.26
	4.15
	4.57
	4.81
	0.71
	2.36
	2.94
	3.22
	3.39


3. UL ACK/NACK transmission without CM restriction

In FDD mode, if CM restriction is not considered for non-power limited UEs, strategy of Rel-8 ACK/NACK PUCCH can be applied simply to each DL-UL CC pair as illustrated in figure 1(a). In TDD mode, Rel-8 ACK/NACK bundling or ACK/NACK multiplexing (hereby, we call it ‘ACK/NACK PUCCH selection’) can be applied for multiple DL subframes of each DL CC as illustrated in figure 1(b), where we exampled ACK/NACK bundling case.
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(a) FDD mode
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(b) TDD mode
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Figure 1. UL ACK/NACK design without CM restriction

4. UL ACK/NACK transmission with CM restriction

For the power non-limited UEs, it is better to avoid ACK/NACK bundling since ACK/NACK bundling decreases DL throughput. Therefore, to reduce the maximum number of coincident ACK/NACK PUCCHs transmission, ACK/NACK PUCCH selection would be a better choice. However, ACK/NACK PUCCH selection method in Rel-8 LTE cannot support 5 bits ACK/NACK. Moreover, it cannot satisfy the ACK/NACK performance requirements in case of 4 bits ACK/NACK since multiple 4 bits ACK/NACK combination hypotheses are mapped to a same constellation of a same PUCCH resource. Therefore some modification is necessary in exploiting ACK/NACK PUCCH selection method for LTE-A.

· Maximum 2 ACK/NACK PUCCHs transmission

If we allow maximum 2 ACK/NACK PUCCHs transmission, in FDD mode, there can be two approaches which are already mentioned in [9]. First approach is to redesign the ACK/NACK combination hypotheses mapping for 4 bits and 3 bits ACK/NACK allowing 2 PUCCHs transmission. Figure 2(a) illustrates this approach assuming maximum 2 ACK/NACK PUCCHs transmission. The other approach is to divide the DL CCs to multiple DL CC groups and to apply ACK/NACK PUCCH selection in each group. Figure 2(b) illustrates this approach. The former is a unified approach while the latter is simple.
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(a) ACK/NACK PUCCH selection with max. 2 PUCCHs transmission
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(b) DL-UL CC pair grouping
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Figure 2. UL ACK/NACK design with CM restriction in FDD
In TDD mode, it looks reasonable to apply the approaches for FDD mode to the bundled ACK/NACK bits, where ACK/NACK bits are divided into multiple ACK/NACK groups and bundled ACK/NACK bit is generated for each ACK/NACK group. ACK/NACK bits may be grouped in DL subframe domain or DL CC domain or combination of them. Figure 3 illustrates this approach when each ACK/NACK group consists of multiple DL subframes, where the first and the second approaches in FDD are applied respectively in figure 3(a) and 3(b).
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(a) FDD approach 1 on top of the bundled ACK/NACK bits
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(b) FDD approach 2 on top of the bundled ACK/NACK bits
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Figure 3. UL ACK/NACK design with CM restriction in TDD

· Single ACK/NACK PUCCH transmission

If the maximum number of coincident ACK/NACK PUCCH transmission should be one, method of extending ACK/NACK symbol space should be investigated. For example, utilization of PUCCH format 2/2a/2b or per slot ACK/NACK generation on top of the approaches for FDD and TDD described so far may be considered.
5. UL ACK/NACK transmission for TxP limited UE

For the TxP limited UEs in cell boundary area in FDD mode, ACK/NACK bundling seems most reasonable approach since other approaches such as ACK/NACK PUCCH selection or multiple ACK/NACK PUCCH transmission or per-slot ACK/NACK transmission requires more transmit power than pure ACK/NACK bundling. In case of TDD mode, ACK/NACK bundling over all the DL CCs and DL subframes may be considered as in figure 4(b). However, combination of ACK/NACK bundling and ACK/NACK PUCCH selection over the bundled ACK/NACK bits as illustrated in figure 4(c) could be considered if  bundling of too many ACK/NACK bits is not preferred because of the DL throughput decrease due to the increased probability of NACK generation. 
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(a) ACK/NACK bundling in FDD mode
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(b) ACK/NACK bundling in TDD mode
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(c) ACK/NACK PUCCH selection over bundled ACK/NACK bits in TDD mode
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Figure 4. UL ACK/NACK design for TxP limited UEs

6. Summary
In this paper, general approaches for UL ACK/NACK transmission over PUCCH are discussed considering UL CM restriction and UE TxP limitation. The discussion can be summarized as follows.
· For TxP non-limited UEs
· In case of no UL CM restriction

· FDD: Per DL CC ACK/NACK PUCCH transmission
· TDD: Per DL CC ACK/NACK PUCCH transmission on top of the per CC ACK/NACK bundling or ACK/NACK PUCCH selection
· In case of UL CM restriction

· Maximum 2 ACK/NACK PUCCHs transmission
· FDD: ACK/NACK PUCCH selection with up to 2 PUCCH transmission, or ACK/NACK PUCCH selection per DL CC group (up to 2 groups)
· TDD: FDD approach on top of the partial ACK/NACK bundling

· Single ACK/NACK PUCCH transmission

· ACK/NACK PUCCH symbol extension may be considered
· For TxP limited UEs

· FDD: ACK/NACK bundling over DL CCs

· TDD: ACK/NACK bundling over DL CCs and DL subframes, or ACK/NACK PUCCH selection on top of the partial ACK/NACK bundling

· Other approaches such as utilizing PUCCH format 2/2a/2b may be considered further
References
[1] R1-093046
PUCCH design for carrier aggregation
Huawei

[2] R1-093122
UL ACK for MC operation
Qualcomm Europe

[3] R1-093208
ACK Design for LTE-A.
ZTE

[4] R1-093251
ACK/NACK PUCCH for LTE-Advanced
LG Electronics

[5] R1-093269
UL ACK/NACK and CQI feedback in Carrier Aggregation
CMCC

[6] R1-093393
UL ACK/NAK Transmission in LTE-A
Samsung

[7] R1-093319
UL control signalling for carrier aggregation
Nokia Siemens Networks, Nokia

[8] R1-093469
UL ACK/NACK transmission on PUCCH for carrier aggregation
Panasonic

[9] R1-093533
Multi-channel Transmission for UL ACK/NACK  in LTE-A
CATT

[10] R1-093534
UL ACK/NACK transmission scheme for LTE-A
CATT
















































































































































