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1 Introduction
In Rel-10, PUCCH format 3 is designed to carry as many HARQ-ACK bits as possible. That is, when the total number of HARQ-ACK bits is less than or equal to 20, all individual bits are reported, otherwise, spatial bundling is used to reduce the payload size to no more than 20 bits. Such a design is aiming at maximizing downlink throughput for a UE in extremely good channel condition. However, it is well known that most UEs in a cell do not have sufficiently high geometries to provide the reception reliability requirements for the larger HARQ-ACK payloads [1, 2]. Therefore, support of the Rel-10 spatial bundling and time bundling methods to reduce the HARQ-ACK payload is needed also when a UE is configured with PUCCH format 3. 

2 Time bundling in Rel-10
In Rel-10, when PUCCH format 1b with channel selection is configured for HARQ-ACK transmission in TDD, time bundling is used to reduce the total HARQ-ACK payload to a maximum of 4 bits. As shown in Figure 1, the basic principle is that a reported feedback state indicates the first X HARQ-ACK bits are ACK, the next HARQ-ACK bit, if present, is NACK or DTX, and the remaining HARQ-ACK bit(s), if present, could be anything (ACK, NACK or DTX). X is 0,1,…M-1, where M is the bundling window size. The HARQ-ACK bits are ordered according to the DAI values in the respective PDCCHs, with HARQ-ACK for SPS PDSCH, if present, always being placed first. For each feedback state, the useful information for eNB HARQ operation is the value X:
· If X equals to the total number of PDSCH the eNB scheduled in the bundling window, the eNB concludes that the UE correctly received all PDSCHs and no retransmission is needed.
· If X is less than the total number of PDSCHs, the eNB can conclude that the UE correctly received the first X PDSCH and missed or incorrectly received the remaining PDSCH(s), if present. No retransmission for the first X PDSCH(s) is needed. 
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Figure 1: An example for time bundling in Rel-10
One important property of the above method is that it is immune to a DL DAI failure caused by missing the last PDCCH(s). It is well known that for the pure counter DL DAI used in Rel-8/9/10, if a UE does not receive a PDCCH scheduling a PDSCH in the last subframe of the bundling window, the UE cannot know whether it was scheduled a PDSCH. In Figure 1, after receiving the UE feedback, the eNB knows that the first X(=2) PDSCHs are correctly received and will retransmit the remaining PDSCHs. That is, missing the last PDCCH(s) will never confuse the operation between eNB and UE, since anyway the last PDSCH(s) is retransmitted if not positively acknowledged. 
3 Time bundling for PUCCH format 3
The time bundling method described in section 2 can also be used for overhead reduction when PUCCH format 3 is configured for HARQ-ACK transmission. For a bundling window size of M, there are M+1 feedback states, i.e. the possible value of X could be 0,1,…,M. 

1) A first method for HARQ-ACK feedback is to report M+1 states for each cell. Denoting the number of cells configured to a UE as 
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, the total combination number of the feedback states is 
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, that is, the HARQ-ACK payload size is 
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 bits. For example, if M=4 and 
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=5, the total number of HARQ-ACK bits is reduced to 12 bits while it can be up to 20 bits in Rel-10 if only spatial bundling is used for PUCCH format 3. Therefore, considering the impact of increased code rate, allowing for time bundling in addition to spatial bundling can offer gains exceeding 3 dB in the performance of PUCCH format 3. The above method can reduce the HARQ-ACK payload but all 
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 bits are dependent to each other, that is, if one bit error happens, it is possible that the feedback states for all 
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 cells are wrong which is not desirable. 
2) A second method is to express the M+1 states for each cell by 
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 bits and then the payload size is 
[image: image9.wmf](

)

2

log1

CC

NM

×+

éù

êú

 bits. For example, for M=4 and 
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=5, the payload size is 15 bits. Similar to the use of a-priori information to improve the PUCCH format 3 detection performance in Rel-10, although payload size is 15 bits, the eNB can limit the detection to only 
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 hypotheses since it knows there are at most M+1 feedback states for each cell. Therefore, the performance of the second method is similar to the first method, and due to the individual coding of M+1 feedback states for each cell, one bit error only impacts the feedback information of one cell.
3) A third method may be considered for UEs with particularly low geometries in order to limit the HARQ-ACK payload for each cell to only 2 bits, as for PUCCH format 1b with channel selection in Rel-10. Then, the same method by duplicated mapping as defined for M=4 in Rel-10 can be directly reused. Denoting the number of cells configured to a UE as 
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, the HARQ-ACK payload size is then 
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bits. In this way, the maximum HARQ-ACK payload size is limited to 10 bits, which is equal to the maximum payload size of FDD. This method could minimize the payload size, and hence offer larger coverage, but it offers worse DL throughput compared to the first 2 methods. Further, similar to method 2, only feedback information of one cell is impacted if one bit error occurs.
4 Conclusion 
Since full multiplexing with PUCCH format 3 cannot serve the majority of UEs in a cell due to  geometry limitations it is proposed to extend the time bundling and spatial bundling operations of Rel-10 to reduce the HARQ-ACK overhead also for PUCCH format 3 configurations.
References

[1] R1-105363, Samsung, “Performance evaluation of full ACK/NACK multiplexing for TDD”
[2] R1-105521, Nokia, Nokia Siemens Networks, “UL ACK/NAK Payload Size in LTE-A TDD”
_1374674181.unknown

_1374674792.unknown

_1374908096.unknown

_1374674740.unknown

_1374674301.unknown

_1374674325.unknown

_1374674290.unknown

_1374670891.vsd
Drag the side handles to change the width of the text block.


ACK


ACK


NACK


Missed 


UE reports 2 ACKs


2nd PDSCH
(DAI=2)


3rd PDSCH
(DAI=3)


4th PDSCH
(DAI=4)


Retransmissions 


Success 


DTX



