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1. Introduction

In RAN1#53, agreement on the main ACK/NACK bundling principles for TDD was reached as detailed in [1].  However, several issues remain under discussion – (1) how to handle UL/DL Configuration 5, (2) how to implicitly map the ACK/NACK PUCCH index and (3) how to handle different error cases when the grants are missed. In this contribution, the remaining details for bundled ACK/NACK transmission are provided.   Note that this is an update of [2].
2. ACK/NACK Transmission 

For TDD, the UE transmits the ACK/NACK response in UL subframe n upon detection of a PDSCH transmission within subframe(s) n-k, where k
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K as defined in Table 1. 
Table 1.  Downlink association set index K:{k0,k1,…,kM-1} 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, 6, 4
	-
	-
	-
	-
	8, 7, 6, 4
	-
	-

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

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

	5
	-
	-
	TBD
	-
	-
	-
	-
	-
	-
	-

	6
	-
	-
	7
	7
	5
	-
	-
	7
	7
	-


For ACK/NACK transmission, UE will not transmit ACK/NACK (i.e. DTX) if it detects that any downlink assignment was missed.  Otherwise the UE will select the PUCCH index based on the first CCE index used for transmission of the corresponding downlink assignment in subframe n-km and the corresponding m, where km is the smallest value in set K.
3. Downlink Assignment Index
Downlink Assignment Index (DAI) denotes the minimum number of dynamic downlink assignment(s) transmitted to the UE within the bundling window, and it can be updated from subframe to subframe.  Table 2 provides a proposed mapping between the 2-bit index and the DAI value.
Table 2.  Downlink Assignment Index Value.
	Index
	DAI Value

	0
	1

	1
	2

	2
	3

	3
	4


4. UL/DL Configuration 5
Currently, ACK/NACK bundling behavior is not defined for TDD UL/DL Configuration 5.  It is proposed that the values in Table 3 below be adopted.  This allows dynamic scheduling of any downlink subframe in this configuration.
Table 3.  Downlink association set index K:{k0,k1,…,kM-1} for TDD

	UL-DL

Configuration
	Subframe n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

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


Note that it is possible to schedule more than 4 subframes to the UE in this configuration.  However, since the DAI specify the minimum number of dynamic downlink assignments transmitted within the bundling window, this possibility is supported with the current definition. In this case, the eNB will set the DAI index value to 3 from the 4th dynamic subframes onward.  However, to support this at the UE the following modification must be made to Section 10.2 of [3] as shown below 
If the value of DAI in subframe n-km, where km is the smallest value in set K such that UE detects a DCI format 1A/1/2 in subframe n-km, does not equal to is greater than the number of detected dynamic downlink assignment(s) within the subframe(s) n-k, where k
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K, UE shall not transmit ACK/NACK.
On the other hand, with this implementation the UE may not know that it missed some assignments when more than 4 dynamic assignments are made.  So eNB may want to limit the maximum number of dynamically scheduled subframes to 4 as an implementation choice.
5. ACK/NACK Index Selection 

For detailed discussion on ACK/NACK index selection, please refer to [4].  Basically, the proposal here is to determine the PUCCH index implicitly through
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where 
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are cell-specific parameters, 
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is the index number of the first CCE used to construct the PDCCH, 
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is the number of PDCCHs, and m is the index of the subframe with the last DCI assignment. The parameter 
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determines the maximum number of ACK/NACK resources to be supported and may be selected to provide a trade-off between ACK/NACK overhead reduction and scheduling restriction.  For example, it can be set to [1, M/2, M]×NPDCCH using a 2-bit cell-specific parameter transmitted on SIB where M is the number of downlink subframes within the bundling window.
6. ACK/NACK on the PUSCH  

When UE has PUSCH transmission, it will multiplex the ACK/NACK with the PUSCH transmission by puncturing out some data symbols.  However, currently there is a discussion of how to handle DTX in case the downlink assignment grant is missed.  The preference is to first start from whatever approach is adopted for FDD, and then see if we need anything additional for TDD.
However, currently if the UE realizes that it has missed an assignment within the bundling window, it will not transmit anything (DTX).  For the case when there is PUSCH transmission, the proposal is to transmit NACK instead of DTX.

7. Error Handling  

With the proposed inclusion of the scheduled downlink subframe counter in the downlink assignment, error cases are possible if the DAI is implemented purely as a counter.  In this case, an error occurs when the UE missed last M consecutive grants out of N grants. For this situation, several scenarios must be considered based on how the UE will transmit the ACK/NACK.  
Table 4.  Error handling mechanisms.

	Transmission Mode
	Error Handling

	Bundled A/N
	PUCCH index selection

	Bundled A/N + CQI
	Implementation specific

	Bundled A/N + SR
	

	Bundled A/N + PUSCH
	


For ACK/NACK only transmission, this error case can be handled using PUCCH index selection based on the mapping equation outlined above.  For ACK/NACK transmission with other control or with data, the proposal here is not to specify a solution and leave management of this issue up to the eNB.  First, if UE transmits a NACK then there is no issue with error recovery at the physical layer of eNB.  However, if UE transmits an ACK then this error must be resolved by higher-layers. Second, these error cases may happen rarely since it requires a combination of events with low probabilities.  That is, UE must be scheduled for multiple downlink subframes and missed last grants and had A/N + CQI/SR/PUSCH transmission and will transmit an ACK.  Third, eNB can try to ensure that these error cases do not occur more frequently than say, NACK to ACK error cases.  There are numerous methods already supported that can be used.  For instance, the eNB may configure the UE to drop the CQI in case of CQI + ACK/NACK transmission.  Or the eNB may use scheduler restriction to avoid these situations.  Or the eNB may ensure that the last grant is received more reliably when UE has multiple grants (e.g. by using more CCEs or power).  Or it can limit the maximum number of HARQ process within the bundling window to 1.  As a result, it is seen that the error cases when bundled ACK/NACK is multiplexed with CQI/SR/PUSCH can be easily minimized and do not require additional specification.   
8. Conclusion
In this contribution, the remaining details for bundled ACK/NACK transmission are provided.
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