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1. Introduction
TDD ACK/NAK multiplexing is agreed in [1] and captured in [2], with the understanding that further refinements on the mapping tables, if deemed necessary, shall be incorporated. In this contribution, we discuss possible improvements on the mapping tables for M = 2, 3, and 4 in section 10.1 of [2].

The principles adopted in this contribution on designing the mapping tables are:

a) If an “ACK” response is generated on one DL subframe, “NAK” and “DTX” on other DL subframes are not distinguished. An “ACK” response on one DL subframe indicates correct decoding of both PDCCH and PDSCH on that DL subframe. In addition, merging “NAK” and “DTX” into one state is essential to reduce the number of hypotheses testing and therefore improve the detection performance. 
b) The use of DAI is considered in designing the mapping schemes. DAI is available for ACK/NAK multiplexing mode, which enables UEs to detect possible DL grant misses. The “pure counter” DAI has some advantage on scheduler designs, compared to other DAI interpretations. Therefore, the use of DAI as pure counter is adopted in the design of the mapping tables.  
2. Mapping Tables for ACK/NAK Multiplexing

Table 1: Transmission of ACK/NACK multiplexing for M = 2
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Table 1 shows one option for the mapping scheme of DL : UL = 2 : 1. The first three rows refer to the cases where at least one “ACK” response exists, following the rule a) in section 1. Explicit DTX detection of the first DL subframe is enabled with a “NACK” response for the second DL subframe, given that UE can rely on DAI to detect possible DL grant miss on the first DL subframe, following rule b) in section 1. Note that with the “pure counter” DAI, UE may not be able to detect the last DL grant miss. The highlighted sections are the updates compared to Table 10.1-2 in [1]. 
For DL : UL = 2 : 1, it is possible to explicitly signal all combinations of ACK/NACK/DTX for the two HARQ responses. One such mapping scheme is shown in Table 2. Note that Table 2 contains more transmission hypotheses than Table 1. Therefore, the detection performance using Table 2 degrades slightly compared to Table 1. 
If explicit DTX state per DL subframe is desirable with the cost of certain detection performance degradation, then the mapping scheme in Table 2 can be adopted for M = 2. Note it is difficult to enable explicit DTX state per DL subframe if DL/UL ratio is greater than 2.
Table 2: Transmission of ACK/NACK multiplexing for M = 2
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Table 3 shows a mapping scheme for DL : UL = 3 : 1. The first 7 rows refer to the cases where at least one “ACK” response exists, following rule a) in section 1. In addition, using DAI as pure counter, UE may be able to detect at most the first two DL grant misses. Note that due to the update of Table 10.1-1 in [3], for the case of DL/UL ratio of 3, “HARQ-ACK(3)” in Table 3 denotes the earlier DL subframe associated with the current UL subframe. 
Table 3: Transmission of ACK/NACK multiplexing for M = 3
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Table 4 is a direct copy of the corresponding table in [1], for easy reference herein. Two sets of highlighted sections exist, with each set mapped to a common 
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. For example, one such set is that “ACK, ACK, ACK, NACK/DTX,” “ACK, ACK, NACK/DTX, ACK,” and “ACK, ACK, NACK/DTX, NACK/DTX” are mapped to 
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, the definite information it can derive is that the first two HARQ responses are “ACK”. Therefore eNB shall retransmit for the two DL subframes corresponding to “HARQ-ACK(3)” and “HARQ-ACK(4)” in Table 4. This effectively discourages eNB scheduling three DL subframes to a UE, because eNB cannot unambiguously confirm that UE receives all three DL subframes correctly. Therefore, for DL/UL ratio of 4, the mapping scheme in Table 4 suggests scheduling 1, 2, or 4 DL subframes to a UE. 
Table 4: Transmission of ACK/NACK multiplexing for M = 4
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Due to existence of many-to-one mappings in Table 4, the DL throughput may be degraded due to unnecessary retransmissions  by sub-bundling “HARQ-ACK(3)” and “HARQ-ACK(4)”. Table 5 lists another possible mapping scheme for DL/UL ratio of 4, where an additional ACK/NAK channel with index 
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 is introduced. This additional ACK/NAK channel is derived from the last (in time domain) DL subframe associated with the UL subframe, although it appears to be the third HARQ-ACK, i.e. “HARQ-ACK(3),” due to the updates of Table 10.1-1 in [3].

The additional ACK/NAK channel 
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 can be available by enforcing a minimum CCE aggregation level of 2 for the DL grant on the corresponding DL subframe. In other words, the ACK/NAK channel 
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 can be derived from the second CCE index of that DL grant. Note that enforcing a minimum CCE aggregation level of 2 may increase PDCCH overhead for UEs who only require CCE aggregation level of 1. On the other hand, we believe it does not have significant impact on the system performance, for the following reasons:
· Enforcing the minimum CCE aggregation level of 2 is only applicable to the last (in time) DL subframe.

· Enforcing the minimum CCE aggregation level of 2 is only applicable when a UE is scheduled in at least 3 out of the 4 DL subframes.

· For DL/UL ratio of 4, there are significantly more DL resources than UL resources.

In additional, adopting Table 5 have the following benefits compared to Table 4:

· The many-to-one mapping entries are eliminated. Therefore, sub-bundling “HARQ-ACK(3)” and “HARQ-ACK(4)” and the corresponding unnecessary retransmissions are avoided.

· For the “pure counter” DAI, it is beneficial to have more protection on the last DL grant to reduce the probability of missing it, which is a by-product of having a minimum CCE aggregation level of 2 for the last (in time) DL subframe.
Table 5: Transmission of ACK/NACK multiplexing for M = 4
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3. Conclusions

We suggest capturing Tables 1, 3, and 5 as the mapping schemes of TDD ACK/NAK multiplexing on PUCCH.
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