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1. Introduction

For TDD, the number of ACK/NACKs that could be transmitted in an UL subframe from a certain UE depends on the asymmetry, since there is no one-to-one correspondence between DL and UL subframe as in FDD. To improve coverage, capacity and simplify the design, it has been proposed to bundle multiple ACK/NACKs [1, 2]. 
To reduce the throughput degradation, we propose that

· Multiple classes of ACK/NACKs bundling should be defined, e.g. 1-, 2-, 4-A/Ns for single stream.
· If there is no coverage problem, the scheme with minimum number of bundled ACK/NACKs should be adopted.
In order to simplify the PUCCH for multi-ACKs design and to improve the performance, we propose that

· The maximum number of ACK/NACKs transmitted in one PUCCH should be limited, e.g. 4.
2. Discussion

For the bundling scheme, data in multiple DL subframes can be assigned to one user and the ACK/NACKs in response to DL transmission from these subframes are to be transmitted in a single UL subframe. To improve coverage and simplicity, the idea with bundling is to transmit a single ACK/NACK report based on the ACK/NACKs of the multiple assigned subframes. An ACK is feedback only if all assigned DL subframes are received correctly, whereas a NACK is feedback otherwise. 

The main advantages of the above mentioned bundling are the improvement of UL coverage and capacity. Elementary performance evaluations show that PUCCH format 0 may be the channel that limits the UL coverage; and since transmission of multiple ACK/NAK requires higher SNR it follows that this may be the even more limiting channel in the uplink. Another possible problem is that the multiplexing capacity goes down as the number of possible ACK/NACKs per UE increases. Hence, multiple ACK/NACK feedback may lead to large overhead in the UL in addition to possible coverage and capacity problems.

The drawback of bundling is that the eNodeB can not determine how many and which of the DL subframes were erroneously decoded. To retransmit all the transmitted DL subframes will lead to a degradation of the DL throughput. With the increase of the number of ACK/NACKs bundled, the throughput degrades with the increasing possibility of retransmission. To assume that the BLER is 10%, the possibilities of retransmission for n-ACK/NACKs bundling are shown in table 1, which is calculate by 
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is the possibility of retransmission. We can find that when n=9, i.e. the configuration is 8DL+DwPTS:1UL, the possibility of retransmission is so high (61%), the throughput will degrade seriously.
Table 1. the possibility of retransmission for n-ACK/NACKs bundling
	The number of ACK/NACKs bundled
	The possibility of retransmission

	n=1
	10%

	n=2
	19%

	n=4
	34%

	n=9
	61%


To reduce the throughput degradation, we propose that

· Multiple classes of ACK/NACKs bundling should be defined, e.g. 1-, 2-, 4-A/Ns for single stream.
· If there is no coverage problem, the scheme with minimum number of bundled ACK/NACKs should be adopted.
In order to simple the PUCCH for multi-ACKs design and improve the performance, we propose that

· The maximum number of ACK/NACKs transmitted in one PUCCH should be limited, e.g. 4.
That maximum 4 ACKs transmitted in one PUCCH meets the needs for all the configurations except 8:1. When the configuration is 8:1, the bundling scheme as shown as figure 1 can be adopted to reduce the ACK/NACKs number, where the 9 DL subframes are assigned to 4 groups, i.e. {#9.#0,#1}, {#3,#4}, {#5,#6}, {#7,#8}, for each group, a single ACK is feedback.
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Figure 1. max 4 ACK/NACKs are transmitted in one PUCCH for 8:1 case.
2.1. An example scheme

For single stream case, an ACK/NACKs bundling scheme with details is given as follow:
· For different coverage ability, three classes, 1-ACK/NACK, 2-ACK/NACKs, 4-ACK/NACKs, can be defined for all DL/UL configurations, which means that the number of possible ACK/NACK s are in set {1, 2, 4} for one UE to transmit in one PUCCH.
a. For 1-ACK/NACK, 2-ACK/NACKs case, the PUCCH format 1a and 1b are applicable and should be used.
b. For 4-ACK/NACK, a PUCCH format can be based on Format 2 with joint coding.
For the DL/UL configurations with heavy downlink transmission, the DL subframes can be assigned to several groups, one ACK is feedback for each group. For example, when the DL/UL configuration is 7:2, the scheme can be assigned as shown as figure 2.
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（a）1 ACK/NACK is transmitted for each PUCCH
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（b）2 ACK/NACKs are transmitted for each PUCCH

[image: image7.emf]#0 #1 #2 #3 #4 #5 #6 #7 #8 #9 #0 #1 #2 #3 #4 #5 #6 #7 #8 #9

4 ACK


（c）4 ACK/NACKs are transmitted for each PUCCH
Figure 2. the ACK/NACKs bundling scheme for 7DL:2UL configuration
For 2 streams case, good transmission condition is implicit, a similar multiple class scheme can be adopted that the number of possible ACK/NACK s are in set {2, 4, 8} for one UE to transmit in one PUCCH.
3. Conclusion
For ACK/NACKs bundling scheme, if too many ACK/NACKs are bundled, the throughput will degrade seriously with high retransmission possibility. We propose multiple classes of bundling scheme should be adopted. And an example scheme is given.
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