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1 Introduction
PUCCH Format 1b based channel selection has been agreed as the transmission method for UEs capable of up to 4 ACK/NACK bits to support carrier aggregation. It is well-understood that the mapping table for 4 bits from Rel-8 TDD needs to be re-designed to improve the performance, especially in case of FDD carrier aggregation. A set of mapping tables for 4 ACK/NACK bits was given in [1]. In this contribution, we discuss some issues that should be considered for ACK/NACK mapping tables.
2 ACK/NACK mapping table
PUCCH Format 1b with channel selection may be utilized for UEs that support up to 4 A/N bits. These 4 bits could be considered for various combinations depending on number of aggregated CCs, transmission mode (MIMO or SIMO), use of spatial bundling etc. A typical example that would be sufficient for UEs with 4 A/N bits capability is support for 2 CCs with MIMO. An ACK/NACK mapping table for 2 CCs with MIMO in FDD was given in [1] and is reproduced in Appendix I.

In an ACK/NACK table, different eligible ACK, NACK and DTX states are mapped to transmission resources, i.e., channels and QPSK symbols. The mapping between these states and the transmission resources will affect how resource reservation could be done and also the error performance. For example, a number of issues can be identified from the proposal [1] contained in Table 2. 
The first one is that the table is not suitable for implicit resource reservation. This can be seen from entry number 14, where CC1 may be under DTX while at the same time for signalling this state, a resource should be used which is derived from the (missed) PDCCH of CC1, i.e., 
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. That resource must then be explicitly signalled; otherwise UE can not determine the resource for transmitting the state (DTX, DTX, ACK, ACK). It can also be noted that entry number 10 should be interpreted as (NACK, NACK, NACK/DTX, NACK/DTX) under an implicit resource reservation scheme.

Secondly, the suggested mapping of channel resources and QPSK symbols result in an uneven detection performance for the different ACK/NACK bits. This is shown in Fig. 1, which is obtained according to the simulation assumptions in Appendix II. It can be seen here that the NACK->ACK probability differs among bit positions. At 0.1% error rate, HARQ-ACK(1) bit needs -5.8 dB while HARQ-ACK(2) bit needs only -7.0 dB. There is also a slight discrepancy for the ACK->NACK/DTX curves. Performance requirements for ACK/NACK transmission will have to be set according to the worst bit; hence there is no use in having one bit that is much better protected than the others. Also, NACK-to-ACK errors correspond to HARQ buffer corruption and it is not desirable to have different performance among MIMO codewords or component carriers. 
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Figure 1. Plots for Pr[NACK->ACK] (boxes) and Pr[ACK->NACK/DTX] (circles) for Pr[ACK->DTX]<=1% (solid) for Table 3 of [1]. 
However, the aforementioned issues of resource reservation and unequal error performance can be solved by a proper choice of the mapping table. Assume using the same ACK/NACK/DTX states as Table 2, Table 1 is an example of a mapping that allows for implicit resource reservation while completely equalizing the error probabilities among the bits. 
Table 1. Mapping for HARQ-ACK multiplexing with 4 bits.

	Entry Number
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It is further noted that a DCI format (e.g. Format 2) for DL SU-MIMO in practise consists of a least two CCEs (e.g., 
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 on the PCC) to guarantee the performance. Upon reception of a DL assignment on the PCC only, entries 4, 8, 10 and 13 are signalled, wherein resource 
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 is used. Hence, only resources implicitly determined by the CCEs of PDCCH(s) on PCC are needed if only the PCC is scheduled. 
Fig. 2 shows that at 0.1% NACK->ACK error rate, the threshold is around -6.0dB for all bits and has about 0.2 dB gain over Table 2. Also the ACK->NACK/DTX curves have smaller spread in performance compared to [1].  
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Figure 2. Plots for Pr[NACK->ACK] (boxes) and Pr[ACK->NACK/DTX] (circles) for Pr[ACK-DTX]=1% (solid) for Table 1.

It has been discussed (e.g., [2]) that there could be a timing uncertainty of the channel selection due to configuration between non-CA and CA mode. This could be resolved by allowing the eNodeB to schedule on the PCC only during this period and let the UE fallback to Format 1a/1b HARQ feedback. In Appendix III we give an example of a mapping (Table 4) which also includes this feature, while still equalizing performance, allowing implicit resource allocation and using Rel-8 resources upon PCC scheduling only. 
3 Conclusions
The channel selection scheme for ACK/NACK transmission should provide:

· Support for implicit resource reservation.

· Equalized performance among ACK/NACK bits.

This could be achieved simultaneously by a proper choice of the ACK/NACK mapping table. Such a mapping was exemplified by Table 1, which supports a case of 2 DL CCs with MIMO, while using only Rel-8 PUCCH resources if only the PCC is scheduled. In addition, as given by Table 4, it is further possible to have a fallback to PUCCH Format 1a/1b HARQ feedback during reconfiguration. 
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Appendix I

Table 2. Mapping for HARQ-ACK multiplexing with 4 bits (Table 3 in [1]).
	Entry Number
	HARQ-ACK(0), HARQ-ACK(1), HARQ-ACK(2), HARQ-ACK(3)
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Appendix II

Table 3.  Simulation parameters
	Parameter
	Value

	Carrier frequency
	2GHz

	Channel model
	EPA/5MHz

	Velocity
	3km/h

	Frequency hopping
	At slot boundary

	Antenna configuration
	1×2

	RX antenna correlation
	Uncorrelated

	Channel estimation
	Practical

	CP
	Normal

	Signal bandwidth
	180kHz

	RX false alarm detection threshold
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Note: One error for each falsely generated ACK bit

	Number of UEs
	1

	Number of PRBs for PUCCH
	1
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Appendix III

Table 4. Mapping for HARQ-ACK multiplexing with 4 bits.
	Entry Number
	HARQ-ACK(0), HARQ-ACK(1), HARQ-ACK(2), HARQ-ACK(3)
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If the UE performs feedback according to Format 1a, the eNodeB will detect entry 2 or entry 10 and HARQ-ACK(0) represents the information. If the UE performs feedback according to Format 1b, the eNodeB will detect entries 2, 8, 10 or 12 and HARQ-ACK(0) and HARQ-ACK(1) represent the information. Hence, the PCC could be scheduled during reconfiguration with fallback to PUCCH Format 1a/1b.

Furthermore, if the UE receives a non-MIMO assignment on the PCC and a MIMO assignment on the SCC, a 3-bit mapping table could be obtained from Table 4 by not using entries corresponding to 
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, i.e., entries 4, 5, 9 and 13. The feedback information on the PCC would correspond to HARQ-ACK(0). Similarly, if the UE receives a non-MIMO assignment on the SCC and a MIMO assignment on the PCC, a 3-bit mapping table could be obtained from Table 4 by not using entries corresponding to
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, i.e., entries 1, 6, 7 and 11. The feedback information on the SCC would correspond to HARQ-ACK(2).
Fig. 3 shows the detection performance of Table 4 and confirms that the detection errors are equalized.
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Figure 3. Plots for Pr[NACK->ACK] (boxes) and Pr[ACK->NACK/DTX] (circles) for Pr[ACK-DTX]=1% (solid) for Table 4.













































































































































































































_1315598752.unknown

_1315598764.unknown

_1331917191.unknown

_1337719066.unknown

_1315648831.unknown

_1315598565.unknown

_1315598567.unknown

_1315598705.unknown

_1315598566.unknown

_1315598546.unknown

_1315568769.unknown

_1315598431.unknown

_1315150182.unknown

