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1 Introduction

This contribution gives our consideration on the whole image of single and multiple ACK/NACK feedback in the uplink TDD.
2 Discussion
For TDD ACK/NACK feedback in uplink, two feedback types – named single ACK/NACK feedback and multiple ACK/NACK feedback respectively – have been proposed. Single ACK/NACK feedback is also known as ACK/NACK bundling. It has been agreed to be supported for enhanced PUCCH cell-edge coverage. Multiple ACK/NACK feedback is also proposed to be supported to avoid unnecessary downlink throughput reduction caused by ACK/NACK bundling. However, some related issues have not been settled yet. This contribution gives our views on these issues.
Note that in the following discussion, DL/UL sub-frame configuration 5 is not considered since some special treatment may be introduced.
2.1 Single ACK/NACK feedback (Bundling)
In single ACK/NACK feedback, ACK/NACK bits from multiple downlink sub-frames are bundled to 1 or 2 bits by a logical AND operation. A 2 bit DAI field is agreed to be introduced in downlink scheduling grant [1]:
Downlink Assignment Index (DAI) denotes the minimum number of dynamic downlink assignment(s) transmitted to the corresponding UE within all the subframe(s)
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such that UE detects a DCI format 1A/1/2 in subframe 
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, UE shall not transmit ACK/NACK.
However, three possible explanations on the 2 DAI bits exist – pure counter, minimum number of previous and future, or total number [2]. Although it is said that the exact explanation of the 2 DAI bits can be left for implementation, we still insist that only one of them should be adopted for a simple specification and an easy implementation. The pure counter scheme has the error handling problem in case of last PDCCH(s) miss detection. The total number scheme makes scheduling and latency rather different for TDD as compared to FDD. So the minimum number of previous and future scheme is preferred.
Through the 2 DAI bits, which denotes the minimum number of previous and future dynamic downlink assignments in the bundling window, a UE can find any PDCCH(s) miss detection. Since a UE shall not transmit ACK/NACK (i.e. transmit a DTX) when any PDCCH(s) is missed, the multiplexing of bundled ACK/NACK and other types of uplink traffic (i.e. CQI, SRI, data) can be treated as the same as in FDD. Take the example of the multiplexing of bundled ACK/NACK and CQI, a UE will only feedback a CQI report if it finds any PDCCH(s) miss detection, while will carry the bundled ACK/NACK bit(s) in the second DMRS of the CQI channel under short CP numerology if it finds no PDCCH miss detection. No DTX to ACK problem caused by missed PDCCH can be expected.
2.2 Multiple ACK/NACK feedback
For multiple ACK/NACK feedback, two candidates have been proposed:

· Option 1, PUCCH format 1a/1b combined with ACK/NACK channel selection.

· Option 2, PUCCH format 2.
If option 2 is adopted for multiple ACK/NACK feedback, two distinct ACK channel structures will exist in the system, which will complicate the dynamic ACK/NACK channel assignment. The PUCCH overhead will also be increased since an extra PUCCH resource with format 2 has to be reserved for multiple ACK/NACK feedback. 
Considering that multiple ACK/NACK feedback is caused by multiple PDCCHs from different downlink sub-frames, it is attractive to utilize option 1 for multiple ACK/NACK feedback, since multiple ACK/NACK channels can be guaranteed by multiple PDCCHs in the implicit mapping. Simulation results in [3] show that option 1 has much better performance than option 2. So option 1 is preferred.
For option 1, number of ACK/NACK bits N to feedback for a UE is determined by the DL/UL sub-frame configuration. Spatial sub-bundling with sub-frame is performed for MIMO UEs. A UE will generate a NACK for a downlink sub-frame in which it detects no DL grant. A UE shall not transmit ACK/NACK when all bits are NACK.

For multiplexing of multi-ACK/NACK and SRI, one proposal is to further bundle N ACK/NACK bits into 1 or 2 bits and reuse the multiplexing scheme of bundled ACK/NACK and SRI. However, if a UE is not scheduled in all N downlink sub-frames, a bundled NACK can be expected. Fortunately, the 2 DAI bits introduced for ACK/NACK bundling can be utilized since it will always exist. That is, a DTX will be generated and only the SRI will be sent if a UE finds any missed PDCCH, while the bundling will be done based on the true ACK/NACK bits and the bundled ACK/NACK is sent on SRI channel if a UE finds no missed PDCCH.
For multiplexing of multi-ACK/NACK and CQI, an easy way is to multiplex N ACK/NACK bits with CQI on CQI channel. However, the 2 DAI bits can also be utilized to reduce unnecessary ACK/NACK bits and to get better performance. A possible scheme is to drop CQI when finds any missed PDCCH, while to multiplex the ACK/ NACK bits generated for PDSCH transmission with CQI when finds no missed PDCCH. The only problem with this scheme occurs when a UE misses all PDCCHs. However, 1 or 2 NACK bits can be carried by a CQI report in default, as what we have done in FDD, to avoid DTX to ACK problem. In the error case of a UE misses all 3 or 4 PDCCHs, it can be left for higher layer ARQ, since the probability can be expected to be very low.
2.3 Co-existence of single and multiple ACK/NACK feedback
Since both the single and multiple ACK /NACK feedback utilize the PUCCH format 1a/1b, the implicit mapping can be done as discussed in [4]. No extra PUCCH resources need to be reserved for multiple ACK/NACK feedback.
For the configuration of single and multiple ACK/NACK feedback, a UE-specific configuration by higher layers is preferred. Besides these two ACK/NACK feedback modes, another mode – normal single ACK/NACK feedback mode – may exist in the system, since ACK/NACK bundling is proposed for coverage limited UEs. However, we would like to treat it as a special case of ACK/NACK bundling.
3 Summary
The whole image of uplink ACK/NACK feedback in TDD is discussed. The main views are summarized as below:
· Single ACK/NACK feedback
· Specify the exact explanation of the 2 DAI bits

· The explanation of minimum number of previous and future is preferred

· Multiplexing of bundled ACK/NACK and other types of uplink traffic

· The Same as in FDD
· Multiple ACK/NACK feedback
· PUCCH format 1a/1b combined with ACK/NACK channel selection
· Number of ACK/NACK bits N to feedback is determined by the DL/UL sub-frame configuration
· Spatial sub-bundling with sub-frame
· 2 DAI bits also exist for multiple ACK/NACK feedback
· Multiplexing of multi-ACK/NACK and CQI

· Drop CQI when finds any missed PDCCH
· Multiplex the ACK/NACK bits generated for PDSCH transmission with CQI when finds no missed PDCCH
· 1 or 2 NACK bits are carried by a CQI report in default, as in FDD
· Multiplexing of multi-ACK/NACK and positive SRI
· A DTX will be generated and only the positive SRI will be sent when finds any missed PDCCH
· Bundle the ACK/NACK bits generated for PDSCH transmission and transmit the bundled ACK/NACK on SRI channel when finds no missed PDCCH
· Co-existence of single and multiple ACK/NACK feedback
· UE-specific configurations by higher layers
· Treat normal single ACK/NACK feedback as a special case of ACK/NACK bundling
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