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1. Introduction
In RAN WG1 #52bis, it has been agreed that for each set of DL sub-frame, at least information about the number of DL sub-frames bundled within the set is exchanged between the eNodeB and the UE. Several candidate schemes for detecting DL assignment missing are discussed in [1]

 REF _Ref196832017 \r \h 
 \* MERGEFORMAT [2]

 REF _Ref196832026 \r \h 
 \* MERGEFORMAT [3]. In this contribution, we propose one ACK/NACK bundling transmission scheme in PUCCH considering the missing of DL assignment in PDCCH. 
2. Proposal
When multiple ACK/NACKs are transmitted in PUCCH, we suggest the following ACK/NACK bundling scheme. 

· Multiple ACK/NACKs is bundled into 2 bits, which are using PUCCH format 1b. The default values of these 2 bits are both NACKs .
· Each set of DL sub-frames, which are associated with the UL sub-frame, is divided into two groups.

· Multiple ACK/NACKs including multiple codewords in MIMO scheme in each group is bundled into 1 bit.

· There are at most two DL sub-frames in one group (if DL:UL=9:1 case is also satisfied this requirement, some schedule restrictions may be introduced, see the clarification in the following).
· Add 1 bit in each TDD DL PDCCH. The added bit in each PDCCH in the group represents eNodeB transmits one or two sub-frame data to UE in the group. 
· ACK/NACK resource in PUCCH is related to the combination of last or first PDCCH transmission and its minimum CCE index, the detailed combination scheme is FFS.
Assume K is denoted as the size of the set of DL sub-frames, which are associated with the UL sub-frame. In fig 1, it shows that the set of DL sub-frames divides into two groups.
According to current DL/UL allocation configuration in LTE TDD, the possible sizes of the DL sub-frame associated with one UL sub-frame are 1, 2, 3, 4 and 9 (see table 1).
· When k = 1, it is obviously that TDD uses the same ACK/NACK transmitting rule as FDD.
· When k = 2 in fig 1a, two DL sub-frames are divided into two groups. Each group contains only one DL sub-frame.
· When k = 3 in fig 1b, three DL sub-frames are divided into two groups. One group contains one DL sub-frame (for example the first one) and the other group contains the rest two.
· When k = 4 in fig 1c, four DL sub-frames are divided into two groups. Each group contains two DL sub-frame (for example the first two DL sub-frames are included in the first group and the last two are included in the second group).
· When k = 9 in fig 1d, nine DL sub-frames are divided into three subsets. Each subset contains three DL sub-frames and each subset is divided into two groups. One group includes, for example, the first two DL sub-frames and the second group includes the rest two. In this case, one schedule restriction is introduced that only multiple DL sub-frames in one subset can be scheduled for one UE if bundling ACK/NACK is transmitted in the PUCCH. However, if multiple or bundling ACK/NACK is transmitted in PUSCH, there is no such schedule limitation.
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c) k = 4
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Fig 1 the set of DL sub-frames dividing into the two groups
	Configuration
	Switch-point periodicity
	Sub-frame number

	
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	5 ms
	-
	-
	1
	-
	1
	-
	-
	1
	-
	1

	1
	
	-
	-
	2
	1
	-
	-
	-
	2
	1
	-

	2
	
	-
	-
	4
	-
	-
	-
	-
	4
	-
	-

	3
	10 ms
	-
	-
	3
	2
	2
	-
	-
	-
	-
	-

	4
	
	-
	-
	4
	4
	-
	-
	-
	-
	-
	-

	5
	
	-
	-
	9
	-
	-
	-
	-
	-
	-
	-

	6
	
	-
	-
	1
	1
	1
	-
	-
	1
	1
	-


Table 1 the value of k in all kinds of configuration
3. Detection of DL assignment missing
We can use the added 1bit to detect DL assignment missing. In the following description, we will explain how UE can detect one, two and three DL assignment missing with the added 1bit information. In order to explain it clearly, we take the k=4 as an example and it is easy to see that it is also suitable for the other configurations

Again, we noted that the added 1bit in each PDCCH in the group represents eNodeB transmits one or two sub-frame data to UE in the group and the default value of 2 bits in PUCCH format 1b is NACK.
3.1 Detection of one DL assignment missing
By interpreting the “Added Bit” in detected DL assignment, UE can infer if DL assignment missed in the other DL sub-frame of the same group. 
For example, in fig 2, it shows that DL assignment in sub-frame 7 is missed. When UE receives DL assignment in sub-frame 6, the “Added Bit” is ‘1’, that means there are both DL assignments in both sub-frames in the same group, Thus UE can know that eNodeB transmits data to it in sub-frame 6 and sub-frame 7. Although UE only received the DL assignment in sub-frame 6, UE still can infer that DL assignment in sub-frame 7 is missed and ACK/NACK of the group should be denoted as NACK.
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Fig 2 one DL assignment missing

3.2 Detection of two DL assignments missing
When the non-consecutive two DL assignments or the middle consecutive two DL assignments are missed, it is the same situation as detection of one DL assignment missing and the same detection method can be adopted.
When the first two DL assignments or the last two DL assignments are missed, due to the default ACK/NACK value of each group is NACK, UE will modulate NACK information in format 1b automatically.  
In fig 3, it shows that DL assignments in sub-frame 6 and sub-frame 7 are missed. After UE receives DL assignments in sub-frame 8 and sub-frame 9, UE will transmit the default value (NACK) and the bundling result of ACK/NACKs in sub-frame 8 and sub-frame 9 in PUCCH with format 1b. Because the default is NACK, eNodeB will know UE did not receive the data in sub-frame 6 and sub-frame 7.
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Fig 3 two DL assignments missing

3.3 Detection of Three DL assignments missing
When three DL assignments are missed, the combination of the detection of one DL assignment missing and the detection of two DL assignments missing will be used.
4. Simultaneous transmission of multiple ACK/NACKs and CQI/SR

Regarding to simultaneous transmission of multiple ACK/NACKs and CQI/SR, we also suggest that multiple ACK/NACKs are bundled into two bits modulated with format 1b then transmitted bundling ACK/NACKs with CQI/SR in the same way as FDD.

Because the above proposed method for detection of DL assignment missing is not related to the PUCCH Index of transmitting bundling ACK/NACKs, so even bundling ACK/NACKs and CQI/SR are transmitted simultaneously, DL assignment missing can still be detected. 
5. Conclusion
ACK/NACKs bundling scheme and method for detection of DL assignment missing in TDD is provided in this contribution. In order to reduce a high probability of RLC retransmission and the number of bundling ACK/NACKs, we propose that the following method: 
· Multiple ACK/NACKs is bundled into 2 bits, which are using PUCCH format 1b. The default values of these 2 bits are both NACKs .

· Each set of DL sub-frames, which are associated with the UL sub-frame, is divided into two groups.

· Multiple ACK/NACKs including multiple codewords in MIMO scheme in each group is bundled into 1 bit.

· There are at most two DL sub-frames in one group (if DL:UL=9:1 case is also satisfied this requirement, some schedule restrictions may be introduced, see the clarification in the following).

· Add 1 bit in each TDD DL PDCCH. The added bit in each PDCCH in the group represents eNodeB transmits one or two sub-frame data to UE in the group. 

· ACK/NACK resource in PUCCH is related to the combination of downlink sub-frame index carrying last or first PDSCH transmission and its minimum CCE index.
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