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1 Introduction
It has been agreed for TDD that PUCCH format 3 could be used to feedback ACK/NACK (A/N) when configured with one serving cell or with more than one serving cells. 

For A/N feedback with PUCCH format 3 and with one serving cell, some agreements have been achieved through email discussion [1]. However, a special case is not considered in the agreement where a UE receives one SPS PDSCH and one PDCCH with DL DAI=1. For PUCCH format 3 transmission with more than one serving cell, the corresponding resource allocation and the A/N feedback procedure is still left unresolved in specification. 

In this contribution, the above issues are discussed and a preferred resolution is provided. A draft CR is provided in the companion paper [6] based on the discussion.
2 For a UE configured with one serving cell
It has been agreed [1] for A/N feedback with PUCCH format 3 and with one serving cell that:

· TPC field (2-bit) in the PDCCH with DL DAI = 1 is used as TPC command.
· TPC field (2-bit) in the PDCCH with DL DAI > 1 is used as ARI. UE shall assume the same ARI value in all PDCCHs with DL DAI > 1.
· If a UE only receives a PDCCH with DL DAI = 1, Rel-8 PUCCH format 1a/1b resource is used.
· If a UE only receives a SPS PDSCH without a corresponding PDCCH, Rel-8 SPS PUCCH format 1a/1b resource is used.

In the case that a UE receives at least one PDCCH with DL DAI > 1, it is obvious that the PUCCH format 3 resource indicated by ARI can be used. However, in the case that a UE receives a SPS PDSCH and a PDCCH with DL DAI=1, it is not clear which PUCCH resource could be used. In this case, no PUCCH format 3 resource can be indicated by ARI since the DL DAI equals to 1. There are three possible options for resolving this issue.
Option 1: A default PUCCH format 3 resource is used.
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Figure 1 Illustration of Option 1.
In this option, a PUCCH format 3 resource is derived based on a default ARI value, as illustrated in Figure 1. A default ARI value of “00” is suggested in [2].
Option 1 may result in PUCCH resource collision among different UEs. Take the example shown in Figure 1, it assumes that a UE has been scheduled but misses a PDCCH with DL DAI=2 in sub-frame n-k3, where the ARI value is indicated as “10”. The UE will transmit A/N with the default PUCCH format 3 resource corresponding to the default ARI value of “00” according to Option 1. However, the PUCCH format 3 resource corresponding to the ARI value of “00” may already have been assigned to another UE at the same time. Therefore, it will result in PUCCH resource collision.
Option 2: PUCCH format 1a/1b resource corresponding to the PDCCH is used.

In this option, the PUCCH format 1a/1b resource derived from the PDCCH could be used for transmitting A/N signals, as illustrated in Figure 2. Two spatially bundled A/N bits could always be transmitted. For simplicity, the first and the second bit could always correspond to the PDCCH and the SPS PDSCH, respectively.
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Figure 2 Illustration of Option 2.
When compared with Option 1, spatial bundling is needed for a 2-CW PDSCH transmission scheduled by the PDCCH in Option 2, which may lead to small throughput loss. However, no PUCCH resource collision is expected for Option 2.
Option 3: PUCCH format 1a/1b resource corresponding to the SPS PDSCH is used.
In this option, the PUCCH format 1a/1b resource assigned for the SPS PDSCH could be used for transmitting A/N signals, as illustrated in Figure 3. As with Option 2, two spatially bundled A/N bits can always be transmitted. For simplicity, the first and the second bit may always correspond to the SPS PDSCH and the PDCCH, respectively.
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Figure 3 Illustration of Option 3.
Compared with Option2, the only difference is that the PUCCH format 1a/1b resource corresponding to the SPS PDSCH is used for transmitting A/N signals in Option 3. No PUCCH resource collision exists in Option 3. However, when the UE successfully receives the SPS PDSCH but misses the PDCCH, an ACK will be transmitted with PUCCH format 1a. At the eNodeB side, PUCCH format 1b will be assumed and an ACK will also be detected for the missed PDCCH, which results in a DTX->ACK problem.
In summary, Option 1 has the problem of possible PUCCH resource collision and Option 3 has the problem of possible DTX->ACK, which are generally not preferred. Hence we propose to use option 2 that:
Proposal 1: For A/N feedback with PUCCH format 3 and with one serving cell, two spatially bundled A/N bits are transmitted on the PUCCH format 1a/1b resource which is derived from the PDCCH when a UE receives a SPS PDSCH and a PDCCH with DL DAI=1.
3 For a UE configured with more than one serving cell
For A/N feedback with PUCCH format 3 and with more than one serving cell, two alternatives have been proposed [3-5]:
Alternative 1: TPC field in the PDCCH for scheduling PDSCH on Pcell is maintained as TPC command, and TPC field in the PDCCH for scheduling PDSCH on Scell is reused as ARI.
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Figure 4 Illustration of Alternative 1.
In alternative 1, PUCCH format 3 will be used in case of a UE receives at least one PDSCH on Scell. In the case that a UE is scheduled on Pcell only, Rel-8 A/N transmission scheme with PUCCH format 1a/1b resource could be used, as illustrated in Figure 4. In our understanding, either A/N bundling or A/N multiplexing with channel selection could be specified as the A/N transmission scheme for Pcell only scheduling.

Alternative 2: TPC field in the PDCCH for scheduling PDSCH on Pcell and with DL DAI=1 is maintained as TPC command, and all TPC fields in the remaining PDCCHs are reused as ARI.
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Figure 5 Illustration of Alternative 2.
In alternative 2, Rel-8 PUCCH format 1a/1b will be used when a UE receives only a PDCCH with DL DAI=1 or only a SPS PDSCH on Pcell, as illustrated in Figure 5. In all other cases, PUCCH format 3 is proposed to be used. However, the same issue as discussed in Section 2 also exists in alternative 2, i.e. which PUCCH resource to be used when a UE receives only a PDCCH with DL DAI=1 and an additional SPS PDSCH on Pcell. The PUCCH format 1a/1b resource derived from the PDCCH is preferred if alternative 2 will be supported.
In alternative 1, either spatial bundling or time domain bundling will be applied when falling back to Rel-8 A/N transmission scheme, which results in some downlink throughput loss. When compared with A/N bundling, A/N multiplexing could achieve higher downlink throughput, but is not available for UL-DL sub-frame configuration 5. In our understanding, alternative 1 is aligned with the agreement in [7] for A/N feedback with PUCCH format 3 in case of carrier aggregation.
Alternative 2 is proposed to eliminate the spatial bundling and to maximize the downlink throughput loss. In case of scheduling on Pcell only, it would result in an increased PUCCH overhead for a UE to transmit A/N with PUCCH format 3 resource since the Rel-8 PUCCH resources will anyhow be assigned. However, spatial bundling is still needed to handle the case of a UE receiving only a PDCCH with DL DAI=1 and an additional SPS PDSCH on Pcell. This implies that the UE needs to support the following A/N transmission schemes: PUCCH format 1a/1b without spatial bundling, PUCCH format 1a/1b with spatial bundling and PUCCH format 3. A more complicated implementation for the special case handling could be expected.
Another consideration comes from PUCCH power control. In Rel-8, TPC commands in multiple PDCCHs could be accumulated to get a more accurate PUCCH power control. For alternative 1, this could be easily maintained since TPC fields in all PDCCHs for scheduling PDSCH on Pcell is still kept as TPC commands. For alternative 2, the Rel-8 like power control cannot be maintained since only TPC field in the PDCCH for scheduling PDSCH on Pcell and with DL DAI=1 is kept as TPC command, which may result in a worse PUCCH power control.

A brief summary of the two alternatives are given in Table 1.

Table 1 Comparison of the two alternatives
	Alternative 1
	Alternative 2

	· Downlink throughput loss caused by spatial bundling for A/N multiplexing or by time domain bundling for A/N bundling

· It is aligned with the agreement during RAN1 #62bis for A/N feedback with PUCCH format 3 in case of carrier aggregation
	· Spatial bundling is needed for the case of receiving only a PDCCH with DL DAI=1 and an additional SPS PDSCH on Pcell
· Worse PUCCH power control
· Increased PUCCH overhead
· Complicated implementation


Based on the discussion, alternative 1 is slightly preferred and is proposed.
Proposal 2: For TDD A/N feedback with PUCCH format 3 and with more than one serving cell,
· TPC field in the PDCCH for scheduling PDSCH on Pcell is maintained as TPC command, and TPC field in the PDCCH for scheduling PDSCH on Scell is reused as ARI.
· In case of being scheduled on Pcell only, either A/N bundling or A/N multiplexing could be specified for transmitting A/Ns on Rel-8 PUCCH format 1a/1b resource.
4 Conclusion
In this contribution, the remaining details are further discussed for TDD A/N feedback with PUCCH format 3. Based on the discussion, it is proposed that:

· For TDD A/N feedback with PUCCH format 3 and with one serving cell,

· When a UE receives a SPS PDSCH and a PDCCH with DL DAI=1, two spatially bundled A/N bits are transmitted on the PUCCH format 1a/1b resource which is derived from the PDCCH.
· For TDD A/N feedback with PUCCH format 3 and with more than one serving cell,
· TPC field in the PDCCH for scheduling PDSCH on Pcell is maintained as TPC command, and TPC field in the PDCCH for scheduling PDSCH on Scell is reused as ARI.
· In case of being scheduled on Pcell only, either A/N bundling or A/N multiplexing could be specified for transmitting A/Ns on Rel-8 PUCCH format 1a/1b resource.
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