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1 Introduction
In order to support multiple ACK/NACK transmission for carrier aggregation, channel selection was listed as one of the candidate schemes for discussion [1]. As the Rel-8 channel selection scheme for TDD can only support up to 4 bits ACK/NACK transmission, extended channel selection, [2],[3],[4], has been suggested in case of carrier aggregation. 
In this contribution, extended channel selection, including selection of DMRS, is discussed and the corresponding capability for ACK/NACK transmission is analyzed. Furthermore the related performance evaluation is provided. 
2 Channel selection extension 
For channel selection, the information is encoded by selecting one channel from a number of available channels and a modulation symbol (e.g. QPSK) to be transmitted on the selected channel. Information is thus encoded by the selected channel and the modulation symbol. Hence the capability of conveying information by channel selection depends on the number of available channels for selection and the utilized modulation scheme. 
In Rel-8 channel selection, QPSK is used as the modulation scheme. If higher order modulation scheme is used instead of QPSK, more ACK/NACK bits can be supported, however the cost is the performance loss given the constant transmission power. Therefore, to transmit more ACK/NACK bits, the channel selection needs to be extended by increasing the number of available channels.

In Rel-8, one channel in PUCCH is defined in terms of a sequence pair (sA/N, sRS) used for the transmission of ACK/NACK and demodulation reference signal (DMRS), where the two sequences are implicitly determined from the same CCE of the PDCCH. The two sequences are associated in a one-to-one relation. With M sequences and QPSK modulation, 4M states can be encoded, assuming only one channel is used at a time. In Table 1, the number of required sequences for channel selection to support different number of ACK/NACK bits is shown. The assumption is that DTX is not explicitly signalled and QPSK modulation is used. 
Table 1. Number of required sequences for channel selection 
	Number of ACK/NACK bits 
(N)
	Number of required sequences (M=2N/4)

	5
	8

	6
	16

	7
	32

	8
	64

	9
	128

	10
	256


From Table 1, it can be observed that huge number of reserved sequences is required to support channel selection. As there are only 18 sequences available in one resource block when the cyclic shift distance is 2, considering the PUCCH multiplexing capacity, it is not reasonable to allocate 16/32/64/128/256 sequences for one UE to support such kind of channel selection.  Hence, to enable the channel selection scheme to be effective, it is desirable to optimize the extension of channel selection from saving sequence reservation point of view. 
According to the above channel definition, there is a restriction that each of the M reserved ACK/NACK sequences siA/N (i=0,1,..M-1) has to be associated with one DMRS sequence siRS to form a sequence pair, which results in the number of available channels for selection equal to the number of required sequences M. If this restriction is relaxed, it can enable one sequence siA/N to be associated with any sequence sjRS where 0≤i ≤M-1, 0≤j ≤M-1, and then there will be M2 sequence pairs or channels for selection which improves the capability of ACK/NACK transmission given the same number of reserved ACK/NACK sequences. Alternatively the number of required sequences is reduced to ceil(sqrt(2N/4)) assuming the same number (N) of ACK/NACK transmission, which is shown in Table 2. 
Table 2. Number of required sequences for extended channel selection
	Number of ACK/NACK bits 
(N)
	Number of required sequence (M=ceil(sqrt(2N/4))

	5
	3

	6
	4

	7
	6

	8
	8

	9
	12

	10
	16


Compared to the numbers of Table 1, it can be observed that with this extended scheme, the number of required sequences is significantly reduced. However, there are still 12/16 sequences (almost one resource block) needed for 9/10 bits ACK/NACK transmission, which seems undesirable. Hence the extended channel selection by performing the selection of ACK/NACK sequence and DMRS sequence can be considered to support middle payload size (5~8bits) of ACK/NACK transmission. 

For the extended channel selection, any one of M reserved ACK/NACK sequence can be associated with anyone of the DMRS sequences to form a sequence pair, hence all the reserved sequences shall be allocated in one resource block; otherwise the estimated channel by DMRS sequence is invalid for the detection of modulation symbol transmitted on the ACK/NACK sequence.
3 Simulation results
In this section, simulation results are presented to evaluate the performance of the extended channel selection scheme described in Sec. 2. In addition, the performance of channel selection and format 2 is also provided for comparison. The details of the simulation assumptions can be found in Table 3 in Appendix I, which also contains some further elaborations.
The channel selection, extended channel selection and format 2 are compared by simulation in case of 5 and 6 bits ACK/NACK information, which is shown in Fig. 1 and 2. The results for 7/8 bits for extended channel selection and format 2 are contained in Fig. 3 and 4 in Appendix II. 

Since the extended channel selection scheme utilizes fewer resources, the receiver could test a smaller number of hypotheses for detecting the channel, which in turn reduces the false alarm probability. Thus it is possible to set a slightly lower detection threshold which renders in a better ACK->DTX/NACK performance. Hence, the performance may be slightly better for the extended channel selection compared to channel selection. 
In addition to the performance requirement for Pr(DTX->ACK)<= 10^(-2), another two are Pr(ACK->NACK or DTX)< =10^(-2) and Pr(NACK->ACK)< =10^(-3). To fulfil all these requirements, it can be observed from the simulation results that the required SNR for both channel selection and extended channel selection shall be decided by the case of Pr(ACK->NACK or DTX)=10^(-2), where extended channel selection shows about 0.3dB gain over channel selection , and the required SNR for format 2 is decided by Pr(NACK->ACK)= 10^(-3) when more than 5 bits. The results show that the extended channel selection has more than 1 dB gain over format 2 in case of more than 5 bits. 
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Fig 1.  Comparison of channel selection, extended channel selection and format 2 with 5 bits ACK/NACK transmission.
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Fig 2. Comparison of channel selection, extended channel selection and format 2 with 6 bits ACK/NACK transmission.
4 Conclusion
In this document, the ACK/NACK transmission with channel selection is analyzed and it is found that too large a number of reserved resources are needed to support more than 4 bits.  However, the extended channel selection, which performs the selection of both ACK/NACK- and DMRS sequence, shows the advantages of requiring less number of sequences reserved given the ACK/NACK transmission capability and better performance. 
Hence we propose that extended channel selection, utilizing ACK/NACK and DMRS sequence selection, is supported for ACK/NACK transmission in case of carrier aggregation.
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Appendix I
Table 3.   Simulation assumptions

	Parameter
	Value

	Carrier frequency 
	2GHz

	Bandwidth 
	5 MHz

	Antenna configuration
	1×2

	Channel model
	EPA without correlation

	Velocity
	3km/h

	Channel estimation
	Practical

	CP
	Normal

	Modulation
	QPSK

	Pr(DTX->ACK)
	1%

	Simulation case
	Channel selection/Extended channel selection/format 2

	Resource position
	          All the reserved resources are in one RB


In the simulation, it is assumed that the UE transmits nothing (i.e. DTX) only when all the PDCCHs are not correctly detected; otherwise DTX is represented by NACK. For example, if there are two active component carriers (CC) and each CC uses single codeword transmission and ACK and NACK are represented by ‘1’ and ‘0’ respectively, there will be the combinations for ACK/NACK feedback of Table 4.
Table 4. Illustration of ACK/NACK/DTX feedback state

	       Transmitted information bits
	CC1
	CC2

	“11”
	ACK
	ACK

	“10”
	ACK
	NACK or DTX

	“01”
	NACK or DTX
	ACK

	“00”
	NACK
	NACK

	
	NACK
	DTX

	
	DTX
	NACK

	N/A 
	DTX
	DTX


For the detection of channel selection, the eNB firstly needs to detect whether it is DTX (N/A) or not. If it is not DTX, the eNB will further detect which channel (or sequence) is selected and what modulation symbol is transmitted on the channel. As there are different performance requirements for ACK/NACK/DTX detection [5], a threshold is set to distinguish DTX (N/A) or ACK/NACK transmission in the simulation to fulfil Pr(DTX->ACK)=10^(-2). 
At the first step, the received energy from the ACK/NACK symbols corresponding to each candidate channel is compared with the threshold. If larger than the threshold, it is assumed that this candidate channel is selected; otherwise it is considered as DTX (N/A). After the first step, if there are several surviving candidate channels which pass the threshold, the one with maximum energy will be selected finally, and then the modulation symbol transmitted on this channel is detected. 
As the number of candidate ACK/NACK sequences of extended channel selection is less than that of normal channel selection, to keep the same probability of DTX->ACK, the threshold of extended channel selection is set lower. Hence when transmitting ACK information, it has lower probability to be detected as DTX. That is the reason why the Pr(ACK->DTX or NACK) performance of extended channel selection is slightly better. However when NACK information is transmitted, there would be higher probability for extended channel selection to pass through the threshold and go to the second step detection. As the case NACK->ACK only occurs at the second step, it will result in the slightly higher probability of Pr(NACK->ACK) for extended channel selection as illustrated in the figures. 
Appendix II
[image: image3.emf]-14 -12 -10 -8 -6 -4 -2

10

-4

10

-3

10

-2

10

-1

10

0

SNR(dB)

EPA, 5MHz, 7bits

Extended channel selection

Format 2

Pr(DTX->ACK) Pr(DTX->ACK)

Pr(NACK->ACK)

Pr(ACK-> DTX or NACK)


Fig 3. Comparison of 7 bits extended channel selection and format 2
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Fig 4. Comparison of 8 bits extended channel selection and format 2
















































