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Discussion
1
Scope

In RAN1#63 A/N design for R10 TDD PUCCH was extensively discussed, followed by email discussion over the reflector [63-02-LTE-A] regarding details of mapping tables for the TDD PUCCH A/N design.
In order to conclude on the operating principle for R10 TDD PUCCH A/N design and to allow finalizing the Stage 3 specifications, several open issues still need to be decided upon. These notably include the question whether to limit TDD PUCCH F1/CS A/N design to not more than 2 DL CC’s, and finding an agreement on the A/N mapping table. In addition, the principle for PUCCH resource allocation and error case / DAI handling needs to be agreed upon.

In this contribution we provide our view and recommendations on these currently open issues.

2
Discussion
2.1 Usage of R10 TDD PUCCH F1 with CS
Similar to R8, we recommend preserving design commonality between FDD and TDD as the guiding principle in R10.
For FDD, the use of PUCCH F1 with CS corresponds to the case of carrier aggregation with 2 DL CC’s, and this mode supports a payload of 4 or less A/N bits. PUCCH F3 is available for carrier aggregation scenarios exceeding 4 bits. PUCCH F3 supports up to 10 A/N bits payload in FDD, and up to 20 A/N bits using the dual-RM coding structure in TDD. For TDD, when the nominal payload exceeds the available 20 bits for PUCCH F3, due to the frame configuration and/or number of aggregated CC’s, spatial bundling is employed.

Most solutions to error cases presented for TDD PUCCH F1 with CS assume the case of two CC’s.
Therefore, as opposed to optimizing for TDD specific use cases with PUCCH F1/CS such as using more than 2 DL CC’s, we think the primary design goal for R10 is to design for carrier aggregation scenarios employing not more than 2 DL CC’s. An extension to operate carrier aggregation up to 5 DL CC’s is already available through PUCCH F3.

Proposal 1:

R10 TDD PUCCH F1 with CS is used for carrier aggregation using not more than 2 DL CC’s.

2.2 Mapping table and Resource Allocation for TDD PUCCH F1 with CS
In RAN1#63, the mapping table in [2] was agreed for FDD. The mapping table for TDD proved to be a much controversial and still open issue to be decided upon.

We believe it is beneficial to consider the question of which TDD mapping table to choose for the two cases of single-carrier and carrier aggregation using 2 DL CC’s separately.
When single carrier operation is used, i.e. R8 mode of operation, the adoption of a new TDD PUCCH F1 with CS mapping table for R10 would essentially result in a re-design of R8. This appears un-warranted, and is an undesirable design delta compared to R10 both for the handset and network equipment.

In the case of R10 TDD carrier aggregation, it is inevitable that a different mapping table is introduced; still the basic choice is between preserving commonality between the FDD and TDD solution, or to have an alternative (to FDD) mapping table for the case of 2 DL CC’s for usage with TDD PUCCH F1 with CS.
In both cases, we again recommend preserving design commonality between FDD and TDD as the guiding principle in R10.
We think that similar considerations hold for the PUCCH resource allocation.

For single carrier, the R10 resource allocation should remain the same as in R8, i.e. implicit RA.

Similarly in the case of R10 TDD carrier aggregation, when the PDCCH corresponding to a PDSCH on the PCell is received, implicit RA similar to the case of FDD results in simple backwards compatibility and minimum changes compared to R8.
While the case of PDCCH received on the SCell should be considered as rather exceptional and as the error case, similar to FDD we recommend using the explicit RA mechanism in conjunction with ARI in the PDCCH when there is no CIF.
Proposal 2:

For R10 single carrier operation, i.e. R8, TDD PUCCH F1 with CS re-uses the TDD R8 mapping table.
For R10 carrier aggregation (up to 2 DL CC’s), TDD PUCCH F1 with CS uses the mapping table agreed in [2] for the case of FDD.

TDD PUCCH F1 with CS uses implicit RA when the PDCCH is received on the PCell. Explicit RA (RRC in conjunction with ARI) is used when the PDCCH is received on the SCell in the case of no CIF.
2.3 Handling of error cases and performance evaluation of Mode b
Several contributions have been proposed for the error case handling with time-domain bundling ([3]-[8]).

In our view, the proposal in [6] gives least raise to potential concerns in terms of performance.

However, we deem that some additional R10 mechanism for the DAI is needed for the error case handling with TDD PUCCH F1 with CS.

We recommend adopting the simple principle of the 2 bit DAI indicating the number of PDCCH’s requiring A/N feedback for CCs in the current subframe which greatly simplifies scheduler implementation and UE decoding due to per-subframe based processing when using carrier aggregation. It solves the PDCCH miss detection problem arising from time domain AN bundling.
The corresponding DAI definition is given in Table 1.

Proposal 3:

The 2 bit DAI field corresponds to the number of PDCCH’s requiring A/N feedback in the current subframe.
The R10 TDD UE generates 1 bundled A/N per CC, i.e. (b0, b1) in case of no DL MIMO, and (b0, b1, b2, b3) in case of DL MIMO configured.
	DAI bits
MSB, LSB
	DAI
value
	Number of PDCCHs requiring
ACK/NAK feedback for CCs in the current subframe

	0, 0
	1
	1

	0, 1
	2
	2

	1, 0 or 1,1
	reserved
	reserved


Table 1: Proposed R10 DAI definition

3
Conclusion and Recommendations
In summary, we propose to adopt the following recommendations to conclude on the R10 TDD PUCCH A/N design,
Proposal 1:

R10 TDD PUCCH F1 with CS is used for carrier aggregation using not more than 2 DL CC’s.

Proposal 2:

For R10 single carrier operation, i.e. R8, TDD PUCCH F1 with CS re-uses the TDD R8 mapping table.
For R10 carrier aggregation (up to 2 DL CC’s), TDD PUCCH F1 with CS uses the mapping table agreed in [2] for the case of FDD.

TDD PUCCH F1 with CS uses implicit RA when the PDCCH is received on the PCell. Explicit RA (RRC in conjunction with ARI) is used when the PDCCH is received on the SCell in the case of no CIF.
Proposal 3:

The 2 bit DAI field corresponds to the number of PDCCH’s requiring A/N feedback in the current subframe.
The R10 TDD UE generates 1 bundled A/N per CC, i.e. (b0, b1) in case of no DL MIMO, and (b0, b1, b2, b3) in case of DL MIMO configured.
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