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1. Introduction
On ACK/NAK multiplexing schemes in Rel-10 carrier aggregation, for UEs supporting up to 4 ACK/NAK bits, PUCCH format 1b with channel selection shall be supported; otherwise, DFT-S-OFDM shall be supported. Another aspect of ACK/NAK design in Rel-10 carrier aggregation is whether full ACK/NAK bundling shall be supported [1] – [4]. In this contribution, we further discuss the options of full ACK/NAK bundling in Rel-10. 
2. ACK/NAK full bundling
2.1. Not supported
In [2], the PUCCH UL geometry is evaluated. Typically, the number of PUCCH UEs multiplexed in one PRB determines the level of inter-cell interference, which further limits the ACK/NAK detection performance. Figure 1 shows the PUCCH UL geometry with UMA without considering the PUCCH base sequence correlation [2], which corresponds to the case of largest inter-cell interference. Furthermore, the ACK/NAK link performance in [5] shows that the required SINR for 4 and 8 ACK/NAK bits is about -8 dB and -6 dB, respectively. From the UL geometry CDFs in Figure 1, for 6 PUCCH UEs multiplexed in one PRB, almost all UEs can support 4 ACK/NAK bits, and 70% UEs can support up to 8 ACK/NAK bits. On the other hand, for 3 PUCCH UEs multiplexed in one PRB, nearly all UEs can support the transmission of 8 ACK/NAK bits.
In case ACK/NAK full bundling is not supported in Rel-10 carrier aggregation, then the feature of carrier aggregation in DL is associated with the UE’s UL geometry. In other words, carrier aggregation in DL shall not be configured for UEs not supporting ACK/NAK multiplexing in UL. Since the estimation of UE UL geometry may not be accurate, associating DL CA with UL geometry can limit the application of carrier aggregation. On the other hand, assuming the CA ACK/NAK resource is configured by higher layers, it is practical for the eNB to control the number of CA ACK/NAK UEs multiplexed in one PRB. In addition, it is noted that the Rel-8 UL ICIC scheme is applicable to PUCCH. The overload indicator (OI) and higher interference indicator (HII) exchanged among eNBs covers the whole system bandwidth with a granularity of a PRB. Hence, even without ACK/NAK full bundling, nearly all UEs can be configured with carrier aggregation in DL, as long as PUCCH inter-cell interference is controlled to guarantee the performance of ACK/NAK multiplexing.
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Figure 1: PUCCH geometry with UMA
2.2. Supported by DAI in DL grant
In [2], it is proposed to introduce DAI bits in DL grant to support ACK/NAK full bundling in Rel-10 carrier aggregation. DAI bits are already supported in Rel-8 TDD. The DAI bits in Rel-8 TDD DL grant is a counter presenting the number of ACK/NAK feedback bits up to the present subframe. The DAI bits in Rel-8 TDD UL grant indicate the number of ACK/NAK feedback bits in the bundling window. In Rel-10 carrier aggregation, RAN1 specification shall support up to 5 component carriers (CCs). In order to eliminate any error cases with ACK/NAK full bundling, it is proposed in [2] that a 3-bit DAI field is introduced in Rel-10 FDD DL grants, indicating the total number of scheduled CCs in the current subframe. Similarly, a 3-bit DAI field can be added to the Rel-10 TDD DL grants, in addition to the 2-bit DAI in Rel-8 TDD. With such a design of DAI in Rel-10 carrier aggregation, ACK/NAK full bundling can be supported without any error cases. On the other hand, introducing additional DAI bits in DL grants increases the PDCCH payload size and correspondingly reduces the PDCCH coverage. 
2.3. Supported by additional UE feedback
In [3], it is proposed to support ACK/NAK full bundling without introducing additional DAI bits in DL grants. In other words, UE shall indicate the number of ACKs using PUCCH format 1b, e.g. with the mapping table in Table 1, which is similar to the Rel-8 TDD ACK/NAK transmission with CQI or SR. The drawback of this approach is two-folds. First of all, due to limited states provided by PUCCH format 1b, error cases exist if UE misses 3 DL grants and receives other PDSCH correctly. In addition, UE effectively conveys 1 ACK/NAK information bit (i.e. bundled ACK or bundled NAK) using PUCCH format 1b, which degrades its detection performance. The additional states are used to help eNB determine whether DL grant missing has occurred or not. Figure 2 shows the link level results for ACK/NAK full bundling with PUCCH format 1b, with the simulation assumptions in Appendix. It is assumed only the first 4 rows in Table 1 are used, i.e. without any error cases considered. The NAK-to-ACK and ACK missing error are defined as:
Prob(NAK-to-ACK) = [#((Tx = NAK)&(Rx = 1-ACK)&(1 PDCCH scheduled)) + #((Tx = NAK)&(Rx = 2-ACK)&(2 PDCCH scheduled)) + #((Tx = NAK)&(Rx = 3-ACK)&(3 PDCCH scheduled))] / # (Tx = NAK)

Prob(ACK missing) =  [#((Tx = 1-ACK) & (Rx ~= 1-ACK)) / #(Tx = 1-ACK)  +  #((Tx = 2-ACK) & (Rx ~= 2-ACK)) / #(Tx = 2-ACK)  + #((Tx = 3-ACK) & (Rx ~= 3-ACK)) / #(Tx = 3-ACK)] / 3
Table 2 compares the required SNR for ACK/NAK full bundling with PUCCH format 1b, PUCCH format 1b with channel selection and DFT-S-OFDM [5]. It is observed the required SNR to support 4 ACK/NAK bits is similar to that of ACK/NAK full bundling. Hence, ACK/NAK full bundling with PUCCH format 1b does not provide additional coverage compared to ACK/NAK multiplexing.
Table 1: Mapping between multiple ACK/NACK responses and 
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Figure 2: Link performance of ACK/NAK full bundling with PUCCH format 1b

Table 2: Comparison of required SNRs for ACK/NAK transmission

	ACK/NAK transmission scheme
	Number of ACK/NAK bits
	Required SNR (dB)

	ACK/NAK full bundling with PUCCH format 1b
	1
	-8.65

	PUCCH format 1b with channel selection
	4
	-9.04*
-8.49**

	DFT-S-OFDM
	4
	-9.01*
-8.38**


* DTX definition 1 in [5], ** DTX definition 2 in [5]
3. Conclusions

In this contribution, we discuss three options regarding the support of ACK/NAK full bundling in Rel-10 carrier aggregation, including not supporting ACK/NAK full bundling; ACK/NAK full bundling supported with DAI bits in DL grant; or ACK/NAK full bundling supported with PUCCH format 1b. Our current analysis leads to the following preference:

Proposal: If ACK/NAK full bundling in Rel-10 carrier aggregation is supported, DAI bits shall be included in the corresponding DL grant.
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5. Appendix

	Parameters
	Value

	Bandwidth
	5MHz

	Channel model
	ETU

	Antenna Correlation
	0 (Uncorrelated, |ρ|=0)

	UE speed
	3km/h

	Number of antennas
	1 Tx, 2 Rx for 1x2 SIMO

	Detection method
	Joint data/RS ML detection

	CP type
	Normal CP

	Frequency hopping at slot boundary
	Yes

	Number of PRBs
	1
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