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1. Introduction
For TDD and non-CA capable UE, two HARQ-ACK feedback modes are supported by higher layer configuration[1].

- HARQ-ACK bundling and 
- HARQ-ACK multiplexing.

TDD ACK/NACK bundling means that feedback is performed per codeword by a logical AND opration of all the ACK/NACKs across M multiple DL subframes associated with a single UL subframe n, where 
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 is the number of elements in the set K. The relation of M and K to UL/DL configuration and subframe n is shown in Table 1 below for convenience.
Table 1 Downlink association set index
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	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
	-


TDD HARQ-ACK multiplexing means that spatial HARQ-ACK bundling is performed across multiple codewords within a DL subframe by a logical AND operation of all the corresponding individual HARQ-ACKs, except for the special case of 
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 when the spatial HARQ-ACK bundling is not performed and the actual ACK/NACK bits are transmitted instead.
The TDD test requirements defined in RAN4 are based on either HARQ-ACK bundling or multiplexing feedback mode assumption for both CA and non-CA test cases[2]. However, there are no such TDD feedback modes defined for CA capable UE. For TDD, a UE that supports CA is configured by higher layers to use either PUCCH format 1b with channel selection or PUCCH format 3 for transmission of HARQ-ACK.
In this contribution, we analyze whether the TDD HARQ-ACK feedback supported by CA has impact on current test requirements.
2. Discussion
For CA TDD tests defined in RAN4, there are test scenarios such as single-antenna port, open-loop spatial multiplexing 2 tx antenna port, multi-layer closed-loop spatial multiplexing 4 tx antenna port, sustained downlink data rate. Uplink downlink configuration 1 is used in all of the above four test scenarios.
For single-antenna port test scenario, there are at most two DL subframes associated with a single UL subframe to feedback ACK/NACKs.When two CCs with one codeword each are aggregated in one DL subframe, up to 4 ACK/NACK feedback bits are needed for at most two DL subframes.
For open-loop spatial multiplexing 2 tx antenna port and multi-layer closed-loop spatial multiplexing 4 tx antenna port test scenarios, subframe #0 and subframe #5 are not scheduled for transmission. This lead to only one DL subframe to feedback ACK/NACKs associated with a single UL subframe. Considered two CCs with two codewords each, there are 4 ACK/NACK feedback bits per UL subframe.
For sustained downlink data rate test scenario, subframe #1 and sunframe #6 are skipped over for transmission so that only one DL subframe is remained to feedback ACK/NACKs in a a single UL subframe.Similar with the above two test scenarios, the feedback per UL subframe include 4 ACK/NACK bits total for the two codewords on the two CCs.
From the analysis of the four CA TDD test scenarios, it is concluded that there are up to 4 ACK/NACK bits associated with a single UL subframe no matter which test scenario is considerd. When PUCCH format 1b with channel selection or format 3 is configured for transmission of HARQ-ACK, spatial HARQ-ACK bundling is not performed and each codeword can feedback ACK/NACK independently on each CC. So either PUCCH format 1b with channel selection or PUCCH format 3 for CA TDD HARQ-ACK feedback transmission has no impact on current CA TDD normal test requirements. Regarding the TDD sustained data rate test for CA capable UE, it can be expected that the performance using format 1b with channel selection is better than that assuming multiplexing. So it is safe to keep the existing CA TDD sustained data rate test unchanged.
Therefore, we propose that

Proposal: Remove the ACK/NACK feedback mode for CA TDD tests and use format 1b with channel selection for all the CA TDD test cases.

The corresponding CR is provided in [3].
3. Conclusion

We analyze in this contribution the impact of the CA TDD HARQ-ACK feedback on the requirements for CA TDD tests. It is concluded that either PUCCH format 1b with channel selection or PUCCH format 3 for CA TDD HARQ-ACK feedback transmission has no impact on current CA TDD test requirements. Among them, we propose that
Proposal: Remove the ACK/NACK feedback mode for CA TDD tests and use format 1b with channel selection for all the CA TDD test cases.
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