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1. Introduction

This paper deals with cross-carrier ACK/NACK bundling for the power limited case especially in case of FDD mode. As said in many papers [1]-[4], we support introducing CC ACK/NACK bundling to guarantee the high DL throughput in case of UL power limitation. As a typical scenario, network can manage the operating point of DL BLER as low enough so as to keep the probability of the occurrence of bundled NACK low enough. In this way, high DL throughput can be guaranteed while keeping reasonable frequency of the RLC retransmission. 
A technical challenge in specifying CC ACK/NACK bundling is how to handle the case of missing DL grants. In the LTE Rel-8/9 TDD mode, DAI is introduced to avoid the misunderstanding between eNB and UE about the number of scheduled PDSCHs. However, we don’t think it’s desirable to introduce DAI in the LTE-A FDD mode since the DCI size for the DL grants in common search spaces cannot be increased due to the backward compatibility. In this paper, we suggest introducing CC ACK/NACK bundling without DAI for LTE-A FDD mode.
2. ACK/NACK bundling without DAI
2.1. ACK-counter operation with DAI in LTE Rel-8/9 TDD
In the LTE Rel-8/9 TDD mode, ACK-counter, which also bundles the ACK/NACK information in effect, is transmitted in case of ACK/NACK transmission with SR (scheduling request). Table 1 is a copy of Table 7.3-1 of TS36.213 which defines the ACK-counter mapping to the QPSK constellation points, (b(0), b(1)). The UE operation is as follows.

· If the UE decodes UDAI PDSCHs with DL grants and NSPS SPS PDSCH without DL grants and all the decoding results are NACK, the UE transmits (0, 0).
· If the UE detects any DL grant(s) is(are) missing by using DAI in the DCI for DL grants, the UE transmits (0, 0)

· In other cases, the UE transmits one of the constellation points (1, 1), (1, 0) and (0, 1) according to the number of ACKs as defined in table 1 (inevitably, multiple ACK-counting numbers are overlapped in each QPSK constellation point).
At the eNB side, the following operation is possible.
· If the eNB decodes (0, 0), it retransmits all the PDSCHs. Especially, it may not change the redundancy version of the PDSCHs with initial DL grants since the UE may have missed some initial DL grants.

· Otherwise, if the eNB decodes the same number of ACKs with the number of PDSCHs it has transmitted, it assumes all PDSCHs have been successfully decoded at the UE side.
· Otherwise, the eNB retransmits all the PDSCHs. Especially, it may change the redundancy version of all the PDSCHs.
In the LTE Rel-8/9 TDD mode, distinction between DTX (due to the missing DL grants) and NACK as in the operation above is possible because there is DAI in the DCI for DL grants. However, this operation accompanies the potential problem of NACK-to-ACK error cases. For example, if the eNB has transmitted 4 PDSCHs and has decoded (1, 1) from the UE’s ACK-counter transmission, there are two possibilities. One is that the UE has decoded only one PDSCH successfully and the other is that the UE has decoded all the 4 PDSCHs successfully. However, eNB should decide all the PDSCHs have been successfully decoded since there is no further information. Therefore NACK for 3 PDSCHs could be misunderstood as ACK.
Table 1. Mapping between multiple ACK/NACK responses and b(0), b(1)
	Number of ACK among multiple (
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	0 or None (UE detect at least one DL assignment is missed)
	0, 0

	1
	1, 1

	2
	1, 0

	3
	0, 1

	4
	1, 1

	5
	1, 0

	6
	0, 1

	7
	1, 1

	8
	1, 0

	9
	0, 1


2.2. ACK-counter operation without DAI for LTE-A FDD
We think the ACK-counter concept in the LTE Rel-8/9 TDD mode is a good approach for the ACK/NACK bundling in the LTE-A FDD mode [3]. However, we see the following problems in introducing the exact Rel-8/9 TDD scheme for the LTE-A FDD mode.
· The UE cannot detect missing DL grants since there is no DAI in the DCI for DL grants in the LTE-A FDD mode.
· NACK-to-ACK error cases can happen because the ACK/NACK combination case and the all ACK case are overlapped in each QPSK constellation point.
Therefore, we suggest the following slightly modified ACK-counter operation for the LTE-A FDD mode. 
· IF the UE decodes UDAI (here, note that we mean, by UDAI, the number of DL grants the UE detected since there is no DAI to be signaled) PDSCHs with DL grants and NSPS SPS PDSCH without DL grants and all any one of the decoding results areis NACK, the UE transmits (0, 0).

· If the UE detects any DL grant(s) is(are) missing by using DAI in the DCI for DL grants, the UE transmits (0, 0)

· In other cases, the UE transmits one of the constellation points (1, 1), (1, 0) and (0, 1) according to the number of ACKs as defined in table 1 (inevitably, multiple ACK-counting numbers are overlapped in each QPSK constellation point). That is, the UE transmits the constellation points (1, 1), (1, 0) and (0, 1) only when the response is ‘all ACK’.
The operation above is reasonable since, with this operation, the eNB can safely assume all the PDSCHs have been successfully decoded at the UE side if it decodes the same number of ACKs with the number of the transmitted PDSCHs. Moreover, it should be noted again that DTX to ‘all NACK’ mapping as in LTE Rel-8/9 TDD mode is not necessary since LTE-A UE’s cannot detect missing DL grants without DAI.
2.3. ACK-counter to QPSK constellation points mapping for LTE-A FDD
In the LTE Rel-8/9 TDD system, it is impractical to change the DL-UL configuration in a cell during the UEs are connected to the cell since the DL-UL configuration is cell specific and it should be same within the neighbour cells. On the contrary, number of carriers can be reconfigured for each UE by RRC reconfiguration in the LTE-A system. Therefore, it is important to guarantee the DL/UL communication between eNB and each UE during the UE-specific RRC reconfiguration.

In the LTE Rel-8/9 TDD mode, the mapping of ACK/NACK information to the QPSK constellation points in case of DL:UL=1:1 is not aligned with the mapping of the ACK-counter value to the QPSK constellation points. That is, in case of DL:UL=1:1, ‘ACK’ and ‘NACK’ (non-MIMO mode) are mapped to (0, 0) and (1, 1) (0 and 1 in BPSK constellation) respectively while ‘all NACK’ and ‘single ACK’ are mapped to (0, 0) and (1, 1) respectively in the ACK-counter mapping. This may cause ACK-to-NACK or NACK-to-ACK error in case of misalignment of the number of assigned carriers between eNB and UE during the carrier reconfiguration. Therefore, it should be considered that ‘NACK’ state and ‘single ACK’ state of the ACK-counter are mapped to the QPSK constellation aligned with those of the ‘NACK’ state and ‘ACK’ state in case of the single CC operation respectively.
Table 2 show an example of the ACK-counter mapping table considering the suggestions in the section 2.2 and 2.3 in this paper especially in case of the non-MIMO mode.
Table 2. Example of the mapping between multiple ACK/NACK responses and b(0), b(1)
	Number of ACK among multiple (
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	0 or None (UE detect at least one DL assignment is missed)UE fails in decoding any one of the PDSCHs
	0, 01, 1

	1
	1, 10, 0

	2
	1, 0

	3
	0, 1

	4
	1, 10, 0

	5
	1, 0


2.4. Further considerations
In the LTE Rel-8/9 TDD mode, spatial bundling is used for the ACK/NACK bundling for MIMO mode UEs. However, since the case of spatial bundling is quite relevant to DL MIMO transmission such as layer permutation, spatial bundling should be avoided in FDD. In the LTE-A FDD mode, spatial bundling can be avoided, for example, by introducing channel selection partially to carry the per-codeword ACK-counter information, which will increase the required number of PUCCH resources. In this case, it should be carefully studied on how the number of PUCCH resources for ACK/NACK bundling affects the bundled ACK/NACK coverage/performance.

3. Summary
In this paper, ACK/NACK bundling operation without DAI for the LTE-A FDD mode is discussed We summarize the suggestions from this paper as follows.

Suggestion 1: Introduce ACK-counter, without DAI, similar with the ACK/NACK transmission with SR in the LTE Rel-8/9 TDD mode for the ACK/NACK bundling in LTE-A FDD mode.
Suggestion 2: DTX and NACK are not decoupled in the ACK-counter operation.
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