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1. Introduction
Concurrent transmission of ACK/NAK and CQI in FDD is fully addressed [1]. In TDD, due to different DL/UL subframe configurations, two possible ACK/NAK transmission schemes exist, i.e. pure ACK/NAK bundling and multiple ACK/NAK transmission. In this contribution, we discuss potential solutions to enable concurrent transmission of ACK/NAK and CQI in TDD, for pure ACK/NAK bundling and multiple ACK/NAK bits.
2. ACK/NAK Bundling + CQI

ACK/NAK bundling is supported to resolve issue of the ACK/NAK coverage. For concurrent transmission of bundled ACK/NAK and CQI, the issue of last DL grant miss in the bundling window remains. One possible solution is to explicitly transmit the number of detected DL grants in the bundling window, along with bundled ACK/NAK bit and CQI. 

For normal CP, Figure 1 shows an example of concurrent transmission of bundled ACK/NAK, CQI, and the number of detected DL grants in the bundling window. It is proposed that the bundled ACK/NAK bits modulate the second CQI DMRS in each slot. CQI payload and the number of detected DL grants are jointly coded. For a maximum bundling window size of 4, 2 bits are sufficient to convey the number of detected DL grants in the bundling window. We propose to append these two bits at the end of CQI payload, before RM encoding.
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Figure 1: Transmission of Bundled ACK/NAK, CQI, and Number of Detected DL Grants, Normal CP
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Figure 2: Joint Coding of CQI Payload and Number of Detected DL Grants, Normal CP

For extended CP, we propose to jointly encode CQI, bundled ACK/NAK, and the number of detected DL grants, as shown in Figure 3. Moreover, we propose to append ACK/NAK and the number of detected DL subframes after CQI payload, as shown in Figure 4.
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Figure 3: Transmission of Bundled ACK/NAK, CQI, and Number of Detected DL Grants, Extended CP
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Figure 4: Joint Coding of CQI Payload, ACK/NAK, and Number of Detected DL Grants, Extended CP
3. Multi-ACK/NAK + CQI 
For concurrent transmission of ACK/NAK and CQI, one option is to drop CQI. In TDD, the probability of concurrent ACK/NAK and CQI transmission is likely to be high, for DL/UL configurations with more DL subframes. Therefore, dropping CQI too frequently reduces the gain of dynamic frequency selective scheduling. In this section, we describe possible solution for concurrent transmission of multi-ACK/NAK and CQI in TDD.
When multi-ACK/NAK is concurrently transmitted with CQI, we first propose to restrict the maximum number of ACK/NAK bits to 4. Hence, sub-bundling is performed in configuration 2 and 4 where the maximum number of ACK/NAK bits is more than 4. 
For normal CP, we propose to transmit 2 ACK/NAK bits in CQI RS, with PUCCH format 2b, while the remaining ACK/NAK bits are jointly coded with CQI, as shown in Figure 5 (Left). The remaining ACK/NAK bits are appended after CQI payload, before joint encoding.
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Figure 5: Transmission of Multiple ACK/NAK Bits and CQI in TDD, Normal CP (Left), Extended CP (Right)

For extended CP, we propose to jointly transmit multiple ACK/NAK bits and CQI, as shown in Figure 5 (Right). This is similar to the joint ACK/NAK and CQI transmission in FDD extended CP. All multiple ACK/NAK bits are appended after CQI payload.
4. Summary
In this contribution, we discuss possible solutions for concurrent transmission of ACK/NAK and CQI in TDD. For pure ACK/NAK bundling, we propose to explicitly transmit the number of detected DL grants in the bundling window, along with CQI and ACK/NAK. We also propose to support concurrent transmission of CQI and multi-ACK/NAK in TDD.
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