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1 Introduction

At RAN1 #52, it was agreed that in TDD ACK/NACK can be transmitted using “bundled” ACK/NACK for the case UE is assigned several DL subframes by an AND operation to generate a single ACK/NACK report. However, some issues with bundled ACK like DTX ACK and downlink capacity reduction are still under discussion. In this contribution, a balance of the downlink capacity and UL coverage is discussed and some proposals on the bundled ACK/NAK and multiplexing ACK/NACK are outlined.
2 Some considerations with the bundled ACK
Regarding to the issues from the bundled ACK/NACK mode, we have some consideration on the association between DL subframe and UL subframe, the maximum number of bundled ACK, the PUCCH format used for the bundled ACK transmission and DTX ACK.  
· We note that in TDD among all the DL:UL configurations in TDD, except for the DL:UL=9:1 case, an UL subframe can be configured to be associated with at most 4 DL subframes. Consequently, the maximum  number of ACK/NAK bits is no more than 8 when the MIMO transmission is considered. To support DL:UL=9:1 in bundled mode without additional aid to overcome the downlink capacity reduction problem does not seem an attractive way as only one NACK out of the 9 or 18 subframes feedback would cause 9 or18 times retransmission, which would greatly reduce the downlink capacity. Therefore we propose to treat the extreme configuration 9DL:1UL as a special case for bundling ACK mode by a partial bundling or precluding this case or combining the bundled and multiplexing. If this extreme case is not considered for the bundled case, the maximum number of subframes to be bundled is 4 and the maximum number of ACK/NACK to be bundled is no more than 8. As such bundled ACK problem handling could be simplified a little bit.  
· Whatever the bundled ACK or multiplexing ACK is employed in TDD, when the number of ACK/NACK is less than or equal to 2, the PUCCH format 1a/1b can be used for the ACK/NACK transmission as in FDD.  In case that the ACK/NACK bits are more than 3, if the multiplexing mode or the bundled and multiplexing combination mode (discussed below) is adopted, we propose that the PUCCH format 2/2a/2b shall be hired to feedback the bundled ACK to eNodeB. 
· In bundled mode, the DTX ACK may be a hard problem if it is handled only in PHY layer as each subframe is scheduled independently, it will be difficult for UE to detect all the DL grant missing scenarios. At least the last DL grant missing issue can not be solved only relying on the physical layer without aid from upper layer. UE shall convey the number of the ACK bits bundled and it will be easy for eNodeB to detect the DTX ACK case. 
· For simplifying both the bundled ACK or multiple ACK transmission, in each UL:DL configuration, the association of the set of DL subframe with a single UL subframe shall be fixed.

3 TDM of CQI and multiple ACK

With regarding to the above consideration, we propose the following CQI and bundled ACK multiplexing combination methods for balancing the DL capacity reduction and UL coverage by multiplexing the CQI and multiple ACK in time division mode. 
Method 1: The bundled ACK bits are modulated to CQI RS and coded together with CQI bits to achieve different error targets of CQI and ACK. Normally, the bundled ACK/NACK together with the CQI are fed back to eNodeB in the same PUCCH, if bundled ACK/NACK is ACK.  When bundled ACK/NACK result is NACK, the CQI will be replaced by multiple bits mapping or the sub-bundled mapping regarding to the fixed ACK bit mapping of a certain UL:DL configuration. 
A short example to explain the bit mapping or sub-bundled bit mapping: for 4DL:1DL configuration, one of the DL and UL subframe associations is DL subframes 4,5,6 and 8 associating to the UL subframe 2, if one UE is scheduled with DL 4,5,6,8 subframes with SIMO case and all subframes are correctly received by UE,  the bundled ACK bit mapping “11”, but this information no needs to be conveyed to eNodeB since in this case the bundled ACK/NACK is enough and eNodeB only needs to transmit the new data. If one of the subframe is received by UE with error, let’s say 8, the bundled bit mapping is “10”, and together with the one-bit bundled ACK it is coded in current 36.211 RM and transmitted to eNodeB in PUCCH data region. When eNodeB decodes the data and get the “10”, eNodeB only retransmit 6 and 8 instead of 4,5,6,8. By this sub-bundling strategy, we can achieve some balance between the UL coverage and the capacity reduction. For MIMO case, the same mapping scheme can be applied by sub-bundling the two ACKs of the MIMO streams into one bit ACK. As eNodeB and UE know the DL:UL configuration and the association of the set of DL subframe with a single UL subframe is fixed,  there is no mis-interpretation of the bitmapping or sub-bundled bitmapping at both UE and eNodeB. 
For the sub-bundling two maximum bit mapping are considered, one is the 2-bits “mapping” as in table 1 and the other one is 4-bits “mapping” as in table 2. If the 4-bits ACK mapping is adopted, the repetition of ACK bit mapping can be employed for further improving the UL coverage for the sub-bundle ACK bit mapping detection. 
Table 1
	The Number of DL SF  associated with 1 UL SF
	The sub-bundled bit mapping

	
	SIMO
	MIMO

	1
	“1”
	“11”

	2,3,4
	“11”
	“11”


Table 2
	The Number of DL SF  associated with 1 UL SF
	The bundled – bit mapping

	
	SIMO
	MIMO

	1
	“1”
	“11”

	2
	“11”
	“1111”

	3
	“111”
	“1111”

	4
	“1111”
	“1111”
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Figure 1: the bundled modulated both to CQI RS and data region, further it act as the switching of CQI and ACK bit mapping.  
Figure 1 shows two strategies of modulating the 1-bit bundled ACK to CQI RS and coding the CQI or ACK bits. As the target error of DL subframe is at 10e-2, the possibility of the CQI that will be replaced by ACK bitmapping is at low level, which can still guarantee the transmission frequency of CQI. 
The difficulty with the above scheme is that, in some extreme case, there is always error in one of the DL subframe, and there is no chance for the CQI uplink transmission. Therefore, the method 2 is plotted to overcome this difficulty. 

Method 2: Compare with method 1, one bit CM_IND is included in PUCCH to indicate whether the original CQI field is replaced by ACK bit mapping or not. When CM_IND = 1, the CQI field is filled with ACK bit mapping or sub-bundled bit mapping, otherwise, eNodeB would decode this region as CQI.  The one bit CM_IND helps the UE to decide the CQI field to transmit the CQI or ACK independent of the bundled ACK. In case the UE is in a bad channel condition, UE still has the chance to report to eNode the CQI. The 1-bit CM_IND can be modulated together with 1-bit bundled ACK/NACK to CQI RS as the left fig of the F2 depicted  or coded together with 1-bit bundled ACK in RM as the right figure of the Fig 2. 
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Fig 2: 1-bit CM_IND is included to indicate whether the CQI region is replaced with ACK/NACK bit mapping or not. 
The switching of the method 1 and method 2 can be considered with decision by eNodeB through some downlink signaling as in method 1, UE may have no chance to feedback CQI to eNodeB due to the bundled NACK result, eNodeB can inform the UE to switch from method 1 to method 2 and feedback the CQI to eNodeB in some periodical way. 
If the uplink PUSCH is available for the ACK/NACK, the bundled ACK/NACK mode can be also adopted in the ACK/NACK transmission in PUSCH by allocating the bundled ACK/NACK adjacent to the RS and the bit mapping or bundled bitmapping bits in data region by the scrambling the CRC with ACK bit mapping or embedding the bit ACK mapping in data. If bundled ACK/NACK is ACK, there is no ACK bit mapping embedded in PUSCH data region at all. Otherwise, the ACK bit mapping is embedded in PUSCH data region. 
4 Conclusion

In this contribution, we consider combining the transmission of the bundled ACK and CQI feedback for improving the downlink capacity. Two bundled ACK combing the sub-bundled methods are proposed to keep the balance of UL link capacity and DL capacity reduction. We propose: 
· Adopt either method 1 or 2 or the combination of the two methods for bundled ACK transmission. 
· Treat the extreme configuration 9DL:1UL as a special case in bundling ACK mode. 
· Multiplexing ACK transmission in PUCCH shall be support. The PUCCH format 1a/1b is used for the number of ACK/NACK is less than or equal to 2.  For the ACK/NACK bits more than 3, the multiplexing mode or the bundled and multiplexing combination mode in the PUCCH format 2/2a/2b shall be supported. 
· For handling the DL grant missing problem, UE shall convey the number of the ACK bits that bundled which shall simplify the DTX ACK detection at eNodeB.
· In each UL:DL configuration, the association of the set of DL subframe with a single UL subframe shall be fixed in both bundling or multiplexing ACK feedback cases.
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