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Introduction

This paper focus on following TDD-specific issues related to UL ACK/NAK feedback:

· UL ACK/NAK feedback schemes/modes to be specified in LTE-A TDD.

· ACK/NAK bundling ways to be adopted to reduce ACK/NAK overhead.

· Related error case handling mechanisms to be specified in LTE-A TDD.

Discussion
For UL ACK/NAK feedback in LTE-A TDD, one UL subframe may be associated with multiple PDSCH transmissions in:
· Multiple CCs in frequency domain (depending on UE’s CC configuration), and

· Multiple DL subframes in time domain (depending on configured TDD configuration).
It is noted that for TDD, DL/UL asymmetry in time-domain exists already in LTE Rel’8. Hence a set of mechanisms have already been specified to support ACK/NAK signalling corresponding to multiple DL subframes during a single UL sub-frame [1]:
· In Rel’8 TDD, both PUSCH and PUCCH can carry ACK/NAK(s) corresponding to multiple DL subframes.  The following modes have been specified:

· ACK/NAK bundling: in such a mode, “AND” operation is performed across multiple ACK/NAK bits within “bundling window” per codeword, and will generate bundled ACK/NAK bit for feedback. Such a mode is useful for coverage-limited UEs.
· ACK/NAK multiplexing: in such a mode, “AND” operation is performed across spatial code words (i.e. ACK/NAK spatial bundling), and ACK/NAK multiplexing is achieved via channel selection method, which allows to boost DL throughput compared to ACK/NACK bundling.

· The switching between above modes is UE-specific and high-layer configured.

· In Rel’8 TDD, to handle potential error cases due to ACK/NAK bundling, Downlink Assignment Index (DAI) has been included into UL grant and most of DL grants. And related DAI encoding methods have been specified to balance error case handling, scheduling flexibility and other requirements.
Considering that all these mechanisms have gone through careful optimization during Rel-8 standardization, they can be kept as feasible solutions to signal multi-ACK/NACK feedback also in LTE-A. Hence, we think that existing mechanisms specified in Rel’8 TDD should be reused as much as possible in LTE-A. 
Proposal:, ACK/NAK feedback mechanisms specified in Rel’8 TDD need to be reused as much as possible in LTE-A
In 3GPP RAN1#61bis, it has been agreed that: for both FDD and TDD

· For Rel-10 UEs that support up to 4 A/N bits: PUCCH Format 1b with channel selection

· For Rel-10 UEs that support more than 4 A/N bits: DFT-S-OFDM 

Furthermore, we think the following ACK/NAK modes needs to be considered in LTE-A TDD:

· As specified in Rel’8 TDD, PUCCH format 1a/1b is ACK/NAK container for small and medium ACK/NAK payload cases in LTE-A TDD. And the following ACK/NAK feedback modes could be supported [2]:

· Full bundling mode: 
· As in Rel’8 TDD, it’s mainly used for small number of ACK/NAK feedback.

· As in Rel’8 TDD, bundled ACK/NAK bit will be generated via “AND” operation across multiple ACK/NAKs.
· In LTE-A TDD, such a mode will be meaningful for coverage-limited UEs and will serve as an ACK/NAK fallback mode. In addition, such a mode will be helpful when multiplexing ACK/NAK with CQI or SR.
· Partial bundling mode (combined with channel selection):

· As in Rel’8 TDD, it’s mainly used for medium number of ACK/NAK feedback.
· ACK/NAK partial bundling is performed to fit ACK/NAK overhead to multiplexing capacity.

· Channel selection specified in Rel’8 TDD is fully utilized here to convey e.g. up to 4 bits.
· In LTE-A TDD, DFT-s-OFDM is ACK/NAK container for large ACK/NAK payloads. And further bundling is potential needed to fit multiplexing capacity or power/coverage limited case.

· In LTE-A TDD, the switching between above modes could be UE-specific and high-layer configured, as that in Rel’8 TDD.
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Figure 1 ACK/NAK feedback modes in LTE-A TDD

Proposal: In LTE-A TDD

· ACK/NAK on PUCCH format 1a/1b, on DFT-s-OFDM, and on PUSCH are specified for UL ACK/NAK signalling.

· Both full bundling and partial bundling (combined with channel selection) are supported with PUCCH format 1a/1b.

· The switching between ACK/NAK modes are UE-specific and high-layer configured.

In Rel’8 TDD, ACK/NAK bundling had been specified to maximize the ACK/NAK coverage by means of spatial and time domain bundling. 
In LTE-A TDD, ACK/NAK bundling is still an essential element for ACK/NAK feedback, especially by taking limited container capacity and potential increased ACK/NAK overhead into account. Hence, we think that the following bundling modes (and their combinations) should be considered as candidates to reduce the ACK/NAK feedback overhead in UL:
· Spatial domain bundling: 
· As in Rel’8 TDD, “AND” operation is performed across spatial code words and generate bundled ACK/NAK result.
· From ACK/NAK overhead perspective, it compresses the ACK/NAK overhead from spatial domain effectively.
· From DL throughput perspective, it will not result in too much loss as discussed in [2].

· Time domain bundling: 
· In Rel’8 TDD, such kind of bundling had already been adopted for “ACK/NAK bundling” mode.

· In LTE-A TDD, it could be considered as well.
· CC domain bundling: 
· “AND” operation is performed across multiple configured CCs to generate bundled ACK/NAK.
· From ACK/NAK overhead perspective, it compresses the ACK/NAK payload in CC domain effectively.

· As shown in [2] and [3], ACK/NAK CC domain bundling outperforms ACK/NAK time domain bundling, and should be adopted for ACK/NAK overhead compression.
Proposal: In LTE-A TDD, spatial domain bundling, time domain bundling, and CC domain bundling (and their combinations) can be utilized to reduce ACK/NAK overhead. And ACK/NAK CC domain bundling should take priority.
In Rel’8 TDD, accompanied with ACK/NAK bundling, DAI have been included into DL/UL grants and its encoding method had been specified to handle potential error cases.

In LTE-A TDD, for DAI design, we think:
· Necessity of DAI:

· DAI is still the essential element for UL ACK/NAK feedback in LTE-A TDD to handle related error cases due to DL grants missing within “bundling window” (i.e. same motivation as in Rel’8 TDD).
·  And in LTE-A TDD, “bundling window” may be extend to both time domain and CC domain.
· Bit-width of DAI field:
· In Rel’8 TDD, the bit-width of DL/UL DAI is 2-bit.

· In LTE-A TDD, similar DAI bit-width is preferred to avoid additional TDD-specific overhead for almost all grants.
· DTX->ACK probability requirement: 
· In Rel’8 TDD, in case ACK/NAK bundling, DTX-> ACK error may occur due to DL grants missing, and the target of DTX->ACK probability is set to be 1E-4.

· In Rel’10 TDD, same reliability level is preferred.
Proposal: For DAI in LTE-A TDD

· DAI is included into related DL/UL grants to handle potential error cases.

· 2-bit is the baseline for DAI bit-width as that in Rel’8 TDD.

· DTX->ACK probability is kept to be 1E-4, as that in Rel’8 TDD.
Conclusions
In this paper, we focus on UL ACK/NAK feedback mechanism in LTE-A TDD. And propose that, in LTE-A TDD:
Proposal 1: ACK/NAK feedback mechanisms specified in Rel’8 TDD need to be reused as much as possible in LTE-A.

Proposal 2: 

· ACK/NAK on PUCCH format 1a/1b, on DFT-s-OFDM, and on PUSCH are specified for UL ACK/NAK signalling.

· Both full bundling and partial bundling (combined with channel selection) are supported with PUCCH format 1a/1b.

· The switching between ACK/NAK modes are UE-specific and high-layer configured.

Proposal 3: In LTE-A TDD, ACK/NAK CC domain bundling should take priority to reduce ACK/NAK overhead.

Proposal 4: For DAI in LTE-A TDD

· DAI is included into related DL/UL grants to handle potential error cases.

· 2-bit is the baseline for DAI bit-width as that in Rel’8 TDD.

· DTX->ACK probability is kept to be 1E-4, as that in Rel’8 TDD.
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