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1. Introduction
Two schemes are supported for the ACK/NACK feedback in LTE TDD mode; ACK/NACK bundling and ACK/NACK multiplexing. 
The ACK/NACK bundling means that the feedback is constructed by applying a logical AND operation over the ACK/NACKs of M subframes associated with UL subframe n. The multiplexing is carried individually per codeword. The relation of the M to the UL/DL configuration and subframe n is shown in Table 1 below for convenience (see Chapter 10.1 of ‎[1] for more information).
Table 1 - Downlink association sets for TDD

	UL-DL

Configuration
	Subframe n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	-
	-
	6
	-
	4
	-
	-
	6
	-
	4

	1
	-
	-
	7, 6
	4
	-
	-
	-
	7, 6
	4
	-

	2
	-
	-
	8, 7, 4, 6
	-
	-
	-
	-
	8, 7, 4, 6
	-
	-

	3
	-
	-
	7, 6, 11
	6, 5
	5, 4
	-
	-
	-
	-
	-

	4
	-
	-
	12, 8, 7, 11
	6, 5, 4, 7
	-
	-
	-
	-
	-
	-

	5
	-
	-
	13, 12, 9, 8, 7, 5, 4, 11, 6
	-
	-
	-
	-
	-
	-
	-

	6
	-
	-
	7
	7
	5
	-
	-
	7
	7
	-


The ACK/NACK multiplexing implies that the AND operation is applied across the codewords (in multi-CW case), except for the special case of M=1 where the bundling is not performed and the actual ACK/NACK bits are transmitted instead.
The throughput is measured in the test equipment by counting positive acknowledgements reported by the UE. Unfortunately, the ACK/NACK feedback mode has not been taken into consideration in RAN4 simulation assumptions, probably implying that an ideal feedback has been assumed by most companies i.e. the ACK/NACKs could be individually reported per each codeword. As will be seen in the next section, this is a valid assumption in most TDD scenarios, however some further consideration is needed in the case of multi-codeword and PDCCH scenarios.
2. Analysis
2.1 Single codeword demodulation scenarios

In the demodulation and CSI scenarios with single codeword transmission, per-subframe ACK/NACK feedback can be guaranteed by the use of ACK/NACK multiplexing. It should be noted that this feedback mechanism allows the reporting of all possible ACK combinations, regardless of the value of M.
Hence no further actions are needed w.r.t these scenarios.

2.2 Multi-codeword demodulation scenarios

For the demodulation scenarios with dual-layer transmission, including closed-loop scenarios 5.1-5.3 and open-loop scenarios 6.1-6.2, the UE would ideally feedback one ACK/NACK per each decoded DL codeword. This is however not possible with either of the supported TDD feedback mechanism, as for the subframes with M>1, the bundling implies AND operation over ACK/NACKs in time domain and the multiplexing implies AND operation over the spatial domain. For example, a pair of ACK and NACK for subframes 2 and 7 would be counted as two NACKs in the bundling mode. Similarly, an ACK/NACK pair for layers 0 and 1 would be counted as two NACKs in the case of multiplexing mode. This would effectively decrease the observed throughput compared to the ideal feedback (assumed in RAN4 simulations), hence rendering the requirement more difficult to pass.
Certain solutions can be envisioned to overcome this problem:

· Option 1: Keep the existing requirement and set the ACK/NACK feedback mode to multiplexing. This is probably the least attractive choice, as it can be expected that the ACK/NACKs between the two layers are relatively loosely correlated.
· Option 2: Keep the existing requirement and set the ACK/NACK feedback mode to bundling. This might be slightly better approach compared to the first option, as it can be expected that the ACK/NACKs of adjacent subframes are relatively tightly correlated. However some decrease of the measured throughput would be still present, depending on the time correlation properties of the underlying propagation channel. The amount of this throughput loss would need to be evaluated if this alternative became selected.
· Option 3: Set the UL/DL configuration to 0 and scale the maximum throughput accordingly. With this approach, it would not matter whether bundling or multiplexing was utilized, as M would be one for each UL subframe. The downside would be the increased testing time, as there would be less downlink subframes available to collect measurements. It is also possible that the simple scaling of the maximum throughput would not be feasible, as the lower number of DL subframes could impact e.g. the channel estimation performance. As a consequence, re-simulations might be needed anyway.
· Option 4: Re-simulate all multi-codeword scenarios assuming bundling mode due to lower performance impact. This would be the most bullet-proof solution, the downside being that five scenarios would need to be re-considered.

To maintain full compatibility between the RAN4 simulations and actual testing, we prefer Option 4.

2.3 PDCCH demodulation scenarios
The miss-detection rate of the PDCCH (Pm-dsg) is measured by counting the DTX responses reported by the UE. Unfortunately, neither of the feedback schemes provides complete means to distinguish DTX from NACK in the TDD mode. 
With ACK/NACK multiplexing, a combination of ACK and DTX (e.g. for SF #0 and #1) would be translated as (ACK, NACK/DTX) in the test equipment i.e. it would remain uncertain whether the second feedback was NACK or DTX.

With ACK/NACK bundling, a combination of DTX and ACK (e.g. for SF #0 and #1) would be translated as (DTX, ACK/NACK/DTX) in the test equipment i.e. it would remain uncertain whether the second feedback was ACK/NACK or DTX.
Possible solutions to overcome this problem are hence limited to:
· Option 1: Set the UL/DL configuration to 0, assuming either bundling or multiplexing (no difference). Re-simulations might be needed in order to reflect the lower number of subframes for channel estimation.
· Option 2: Maintain the UL/DL configuration 1, but schedule DL data only on subframes #4 and #9. The main benefit of this approach is that the UE would have the same number of pilot symbols as in the original RAN4 simulations, hence implying no degradation on the decoding performance. Unfortunately this benefit comes with the expense of tripled testing time.
Of these alternatives, we prefer Option 1 as this would cut the testing time to half compared to Option 2.
2.4 CQI reporting under AWGN conditions (PUCCH 1-1) 
The problem with the PUCCH 1-1 CQI scenario is similar to the problem in the multi-codeword demodulation case, the main difference being the utilized UL/DL configuration (config 2) and the channel model (AWGN). As can be seen from Table 1, four ACK/NACKs would be subject to the AND operation in the case ACK/NACK bundling. Despite of the static channel, this would probably imply some loss in terms of the observed AWGN performance.
While no changes are probably needed on the PUCCH 1-1 requirement itself, the reduced AWGN performance would need to be taken into account in the selection of the CQI bias, and ultimately in the context of the fading CQI requirements for TDD mode. 

3. Conclusions 

We have analyzed in this contribution the impact of the ACK/NACK feedback mode on the demodulation and CSI requirements for TDD mode. Based on the findings, it seems that re-simulations are needed in the case of multi-codeword and PDCCH scenarios.
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