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1 Introduction

A remaining item for the PUCCH is to conclude on the ACK/NACK mapping tables for channel selection. At RAN1#62bis, it was given that [1]:

Working assumption that 5476 is adopted subject to aiming to extend it to TDD (i.e. w.r.t. N/D) - can be revisited at RAN1#63.  If it is not found to be satisfactorily possible to use 5476 for TDD, then reconsider 5807.
The design criteria for the mapping tables were agreed already at RAN1#62, e.g., including that optimization is only for 2 CCs and the ability to provide PCell scheduling during CC reconfiguration [2]. The working assumption confirms that possible extensions are only with respect to handling the NACK/DTX states, and hence no new table design process should be undertaken at this point. 
2 ACK/NACK mapping tables
The tables from [3] fully support carrier aggregation in FDD with 2 CCs, with- or without MIMO. These tables can also be directly applied to TDD with up to 2 CCs for certain time-domain bundling schemes [4]. Thus changes in the tables may not necessarily even be needed for TDD, depending on the yet-to-be determined bundling scheme and resource allocation method. 

In this contribution, we further study Table 1-3 in Appendix A which contain the 2, 3 and 4-bit ACK/NACK mapping tables from [3], wherein DTX has been merged with NACK to the joint state NACK/DTX (see also [5]), which were suggested on the email reflector. With such joint NACK/DTX states, it allows for incorporating one single representation of the tables in the specification, regardless of number of aggregated component carriers, FDD or TDD operation etc. 
Usage of PUCCH DTX
Assuming there is implicit PUCCH resource reservation, some of the states in the tables may not be signalled when there are 3 or 4 independent ACK/NACK bits. The reason is that a PUCCH resource derived from a PDCCH that was in DTX may be used when a PUCCH resource is reserved implicitly. In that case, the UE shall resort to PUCCH DTX, i.e., not send anything on the PUCCH, and the eNB will subsequently initiate retransmissions. The specification should therefore include text describing that the UE shall perform PUCCH DTX if the ACK/NACK response is associated with transmission on a PUCCH resource that was in DTX. Appendix B contains a text proposal capturing this.  
The case of 3 or 4 independent ACK/NACK bits may correspond to, e.g., FDD with 3 or 4 CCs, although that was agreed to be outside the scope of the table optimization. However, it is noted that for 3 or 4 independent ACK/NACK bits, the usage of PUCCH DTX may not occur as it depends on the resource allocation scheme. For example, if two or more PDCCHs contain an ARI, a reception of just one PDCCH with ARI among all component carriers (assuming there is same ARI value) may be sufficient in order to obtain all needed resources. 

The case of 3 or 4 independent ACK/NACK bits may also be applicable to TDD without bundling, e.g., 2 CCs with DL/UL 3:2, wherein 1 UL sub-frame carries ACK/NACK signalling for 2 DL sub-frames which is illustrated for 2 CCs in Fig. 1. In case it would be agreed that the Rel-10 tables could be configured for non-CA, it may also include the case of, e.g., 1 TDD CC with DL/UL 4:1. 
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Fig. 1: Example of 4 bits ACK/NACK feedback without bundling in TDD

Table 4-6 in Appendix C, list the states where PUCCH DTX would be used and the corresponding probabilities for this, assuming independent ACK/NACK bits, Pr[ACK]=0.9, Pr[NACK]=0.1 and Pr[DTX]=0.01. This leads to the total probability Pr[PUCCH DTX] being 9.9*10-4, 8.9*10-3 and 8.2*10-3 for the 2, 3 and 4-bit table, respectively. These values are insignificant and would not be an issue for performance. Moreover, these probabilities should also be compared to the 4-bit channel selection table in Rel-8 TDD, where there are overlapping ACK and NACK states which force the eNodeB to do unnecessary retransmissions. The overlapping states from the Rel-8 table and the corresponding probabilities are also contained in Appendix C in Table 7. It can be seen that this probability, 3.3*10-1, is significantly larger (from 37x to 331x) than the Pr[PUCCH DTX] given above. Hence, in this sense no further optimization is needed for the tables and PUCCH DTX is not an issue. 
Furthermore, in the evaluations in RAN1, the probability of NACK-to-ACK has been set to 10-3 such that Pr[NACK]*Pr[NACK-to-ACK]≤10-4. Thus, equivalently for the states when PUCCH DTX is used to signal NACK, for any of the tables we obtain Pr[PUCCH DTX]*Pr[DTX-to-ACK]<10-4, assuming Pr[DTX-to-ACK]=10-2. Thus, there is no impact on the NACK-to-ACK performance requirements for the case of 3 or 4 CCs in FDD or up to 4 bits ACK/NACK feedback without bundling in TDD.
For the TDD case with more than 4 bits ACK/NACK feedback, it has been agreed that spatial bundling with time- or CC-domain bundling will be used to form 4 bits for format 1b with channel selection. How to exactly reserve the PUCCH resources in TDD is also not decided at this point, only the main principles have been suggested [6]. Yet it is clear that when ACK/NACKs are bundled, the impact of PUCCH DTX is more dependent on the bundling method and the associated PUCCH resource reservation scheme than on the ACK/NACK mapping table itself. This is due to that a bundled ACK/NACK state may not necessarily relate to a specific PUCCH resource as directly indicated in the ACK/NACK mapping table, since the resource reservation occasion may be different from the sub-frame or the component carrier that comprised the transmissions associated with the bundled feedback state. 
In TDD, the availability of a PUCCH resource depends on from which component carrier and from which sub-frame the resources will be reserved, which has not been decided yet. For example, it is possible that resource allocation for a bundled DTX state in one certain sub-frame is done such that it does not imply that the associated PUCCH resource used for signalling is unavailable. Hence, PUCCH DTX does not have to be used, although that may have been the case without ACK/NACK bundling. The usage of an ARI in the PDCCH is another example which can typically guarantee that the resources can be made available since correct reception of just one PDCCH with ARI among all component carriers and sub-frames (assuming there is same ARI value) may be sufficient.   
Furthermore, depending on how the PUCCH resources are reserved, i.e., from which component carriers and sub-frames, there could be cases where a bundled feedback state, not even necessarily containing any DTX states, cannot be signalled and PUCCH DTX will be employed. That could occur if one or several of the PDCCHs are missed on the component carrier and in the sub-frame from which resources should be reserved. Also in this case, the relation between the selected channel and the bundled ACK/NACK feedback is not primarily dependent on the table, but on the resource reservation. Therefore, any ACK/NACK mapping table, including that of [5], may have to resort to PUCCH DTX, for arbitrary bundled ACK/NACK states. Hence the use of PUCCH DTX depends on the utilized bundling and resource allocation scheme rather than table design. With respect to this, there is no particular issue in terms of TDD for the tables of [3] and they are not per se limiting the choice of bundling method or usability of, e.g., ARI for channel selection. 
Thus, if the tables are used for 3 or 4 independent ACK/NACK bits, the probability of PUCCH DTX is insignificant. Depending on resource allocation scheme, PUCCH DTX may not be performed at all. If there are more than 4 ACK/NACK bits and the tables are combined with bundling, it is the PUCCH resource reservation and the bundling method that is decisive for the PUCCH DTX, which may occur for any mapping table. Hence, it is satisfactorily possible to use the tables of [3] with DTX states for TDD, as given in Appendix A. It is also satisfactorily possible to use the tables of [3] as they are for some bundling schemes. 
Support of fallback to single-codeword transmission

It was agreed that the ACK/NACK mapping table is dependent on number of configured CCs and transmission modes. In practice, it may happen that a MIMO configured component carrier would dynamically use DCI Format 1A or a single-codeword transmission for DCI Formats 2, 2A, 2B or 2C. The simplest way to handle this would be to lock some of the HARQ-ACK fields to a pre-determined state, which should be defined in the specification. The locking of states should be done such that there is no ambiguity in case the PDCCH is missed, i.e., for which the UE would not apply any locked states while the eNodeB would expect signaling with locked states. The following rule is suggested for single-codeword ACK/NACK feedback:

If HARQ-ACK(k) and HARQ-ACK(k+1) correspond to a MIMO configured carrier and a single codeword is transmitted, HARQ-ACK(k+1) shall be NACK/DTX. 
3 Conclusions
The tables from R1-105476 can already support carrier aggregation in TDD with time-domain bundling, and no changes would be necessary.  

Extensions with DTX states (see Appendix A) could be considered, depending on bundling scheme, and the tables would still work satisfactorily for TDD. 
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Appendix A

Table 1. 2-bit ACK/NACK mapping table.
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Table 2. 3-bit ACK/NACK mapping table.
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Table 3. 4-bit ACK/NACK mapping table.

	HARQ-ACK(0), HARQ-ACK(1), HARQ-ACK(2), HARQ-ACK(3)
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Appendix B

Text proposal for TS36.213:
----------------------------------------------------Start------------------------------------------------------------

10.1
  UE procedure for determining physical uplink control channel assignment
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The UE shall transmit 
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 using PUCCH format 1b according to section 5.4.1 in [3]. The value of 
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Appendix C
Table 4. States that use PUCCH DTX in the 2-bit ACK/NACK table.
	State
	Probability

	DTX, NACK
	9.9*10^-4


Table 5. States that use PUCCH DTX in the 3-bit ACK/NACK table.

	State
	Probability

	ACK, DTX, ACK
	7.9*10^-3

	DTX, ACK, NACK
	8.8*10^-4

	DTX, ACK, DTX
	8.9*10^-5

	DTX, NACK, DTX
	9.9*10^-6

	Total
	0.0089


Table 6. States that use PUCCH DTX in the 4-bit ACK/NACK table.

	State
	Probability

	NACK, NACK, ACK, DTX
	8.7*10^-5

	NACK, DTX, ACK, DTX
	8.8*10^-6

	DTX, NACK, ACK, DTX
	8.8*10^-6

	DTX, DTX, ACK, DTX
	8.9*10^-7

	ACK, ACK, DTX, ACK
	7.1*10^-3

	ACK, NACK, DTX, ACK
	7.8*10^-4

	ACK, DTX, DTX, ACK
	7.9*10^-5

	DTX, ACK, NACK, NACK
	8.7*10^-5

	DTX, ACK, NACK, DTX
	8.8*10^-6

	DTX, ACK, DTX, NACK
	8.8*10^-6

	DTX, ACK, DTX, DTX
	8.9*10^-7

	DTX, NACK, NACK, NACK
	9.7*10^-6

	DTX, DTX, NACK, NACK
	9.8*10^-7

	DTX, NACK, DTX, NACK
	9.8*10^-7

	DTX, NACK, NACK, DTX 
	9.8*10^-7

	DTX, DTX, DTX, NACK
	9.9*10^-8

	DTX, DTX, NACK, DTX
	9.9*10^-8

	DTX, NACK, DTX, DTX
	9.9*10^-8

	Total
	0.0082


Table 7. Overlapping states in the Rel-8 TDD 4-bit table.

	State
	Probability

	ACK, ACK, ACK, NACK
	7*10^-2

	ACK, ACK, ACK, DTX
	7.1*10^-3

	ACK, ACK, NACK, ACK
	7*10^-2

	ACK, ACK, DTX, ACK
	7.1*10^-3

	ACK, ACK, NACK, NACK
	7.8*10^-3

	ACK, ACK, NACK, DTX
	7.9*10^-4

	ACK, ACK, DTX, NACK
	7.9*10^-4

	ACK, ACK, DTX, DTX
	7.9*10^-5

	ACK, NACK, ACK, ACK
	7*10^-2

	ACK, DTX, ACK, ACK
	7.1*10^-3

	NACK, ACK, ACK, ACK
	7*10^-2

	DTX, ACK, ACK, ACK
	7.1*10^-3

	NACK, NACK, ACK, ACK
	7.8*10^-3

	NACK, DTX, ACK, ACK
	7.9*10^-4

	DTX, NACK, ACK, ACK
	7.9*10^-4

	DTX, DTX, ACK, ACK
	7.9*10^-5

	Total
	0.3273
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