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1. Introduction
Figure 1 shows the EUTRA TDD Frame Structure [1]. Different subframes are allocated for downlink (DL) or uplink (UL) transmissions. Table 1 shows applicable DL/UL subframe allocations [1]. 
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Figure 1: EUTRA TDD Frame Structure
Table 1: Uplink-downlink allocations

	Configuration
	Switch-point periodicity
	Subframe number

	
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	5 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	U

	1
	5 ms
	D
	S
	U
	U
	D
	D
	S
	U
	U
	D

	2
	5 ms
	D
	S
	U
	D
	D
	D
	S
	U
	D
	D

	3
	10 ms
	D
	S
	U
	U
	U
	D
	D
	D
	D
	D

	4
	10 ms
	D
	S
	U
	U
	D
	D
	D
	D
	D
	D

	5
	10 ms
	D
	S
	U
	D
	D
	D
	D
	D
	D
	D

	6
	10 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	D


One property of TDD is that the number of UL and DL subframes can be different. In the configurations where there are more DL subframes than UL subframes, multiple DL subframes are associated with one single UL subframe, for the transmission of corresponding control signal. For example, for each dynamically scheduled transmission in the DL subframes, ACK/NAK bits need to be transmitted in an associated UL subframe to support proper hybrid ARQ (HARQ) operation. If a UE is scheduled in a multiple of DL subframes, which are all associated with one UL subframe, the UE needs to transmit multiple ACK/NAK bits in that UL subframe. 
The transmission of multiple ACK/NAK bits in one subframe may reduce ACK/NAK coverage. One solution to reduce the number of ACK/NAK bits a UE needs to transmit is ACK/NAK bundling [2]. Typically, UE compresses the multiple ACK/NAK bits into 1 or 2 ACK/NAK bits, which are subsequently transmitted in the corresponding UL subframe. A common ACK/NAK bundling rule is that if all ACK/NAK bits are “ACK”, then one “ACK” bit is transmitted in the UL subframe, to acknowledge all received packets in multiple DL subframes. Otherwise, one “NAK” bit is transmitted in the UL subframe to request retransmission of all DL packets, as shown in Figure 2.

The aforementioned ACK/NAK bundling has one drawback, i.e. there is no explicit DTX state. Figure 3 shows an example, where the DL packet 2 is missed due to miss detection of DL grant. In other words, UE does not know that it has DL packet 2 to receive. In case the rest DL packets for this UE are all correctly received, the UE will bundle all “ACK”s in to a single “ACK” bit, which is transmitted in the associated UL subframe. If NodeB successfully decodes the bundled “ACK” bit, it will not retransmit DL packet 2. Therefore, ACK/NAK bundling may directly lead to packet loss in physical layer.
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Figure 2: Examples of ACK/NAK Bundling, ACK Bundling (Left), NAK Bundling (Right)
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Figure 3: Example of ACK/NAK Bundling with Packet Loss

The issue of missed DL grant on ACK/NAK bundling has been pointed out in [3], with RLC ARQ proposed to handle the packet loss due to missed DL grant. However, with ACK/NAK bundling, it is difficult to meet the target UL DTX ( ACK requirement of 1e-2 [4], because ACK/NAK bundling has no mechanism for explicit DTX signaling. Moreover, RLC retransmission may incur excessive delay which is not optimal for delay sensitive traffics. 

In [5], it is proposed to include 1-bit in DL grant, which toggles its value every time a UE is scheduled for DL transmission in the bundling window. It was shown in [5] that with the proposed 1-bit, a single DL grant miss can be reliably detected by the UE. However, concerns were raised for multiple DL grant misses in the bundling window. 

It has been further discussed and proposed that 2-bits can be included in DL grant as a counter, which increases its value by 1 every time a UE is scheduled for DL transmission in the bundling window. Based on the decisions on the DL PDSCH HARQ pattern for different DL/UL subframe configurations, there could be 1, 2, 3, 4, and 9 DL subframes associated with 1 UL subframe. Therefore, the proposed 2-bits in DL grant can ubiquitously address any number of DL grant misses up to a bundling window of size 4. The drawback of such 2-bits signaling is the increased overhead in DL grant. 

For the case of 9-to-1 DL/UL configuration, the 2-bit counter can restart (e.g. by a modulo 4 operation) if a UE is scheduled in more than 4 DL subframes. There is an error case if a UE misses 4 DL grants in a row, with the 2-bit counter in DL grant. The probability of such (unlikely) event needs to be evaluated. In addition, there has been discussion on reducing the bundling window size for the 9-to-1 DL/UL configuration.
It was also discussed that in order to detect the last DL grant miss in the bundling window, UE shall transmit the bundled ACK/NAK bit(s) in the ACK/NAK channel derived from the last detected DL subframe. In essence, NodeB checks the ACK/NAK channel index on which the bundled ACK/NAK is transmitted to see if the UE misses the last one or a few DL grants in the bundling window. This solution works properly if the UE has only bundled ACK/NAK to transmit. On the other hand, if the UE has concurrent transmission of bundled ACK/NAK and CQI (or SRI or UL data), the detection of last DL grant miss needs to be further considered, since the bundled ACK/NAK bit(s) cannot always be transmitted on the PUCCH ACK/NAK channel derived from the last detected DL subframe.

In [6], we present one possible solution to address DTX detection when UE has concurrent transmission of bundled ACK/NAK bit(s) and CQI. In [7], we propose a scheme which enables DTX detection when UE has concurrent transmission of ACK/NAK and SRI. 
2. Summary
In summary, our view on ACK/NAK DTX detection with respect to ACK/NAK bundling in TDD is as follows:
· A 2-bit counter in DL grant can address the DTX detection problem if the bundling ACK/NAK bits are transmitted on PUCCH;

· The solution of having only 1-bit in DL grant needs to be further evaluated, e.g. by studying the probability of consecutive DL grant misses in the bundling window; 

· UE transmits the bundled ACK/NAK in the UL ACK/NAK channel associated with the last detected DL subframe;

· The following cases need further study
· Bundled ACK/NAK DTX detection in the 9-to-1 DL/UL configuration 

· Concurrent transmission of bundled ACK/NAK and CQI

· Concurrent transmission of bundled ACK/NAK and SRI

· Transmission of bundled ACK/NAK bits on PUSCH
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