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1. Introduction
For carrier aggregation, PUCCH design has been discussed in the recent RAN1 meetings aiming to support large number of ACK/NACK bits transmission. At RAN1#61bis, the A/N transmission format on PUCCH has been finally decided.
In this contribution, we first provide an overview of RAN1 agreements on PUCCH transmission format design, and analyse the impact and the potential changes to the current minimum requirements for PUCCH.
2. Discussion
2.1 Summary of RAN1 decision
Several agreements have been reached on ACK/NACK transmission on PUCCH in the previous RAN1 meetings. 

· Rel-10 PUCCH design has to support up to 5 DL CCs

· Consider extendibility to larger number of DL CC in the future

· Simultaneous A/N on PUCCH transmission from one UE on multiple UL CCs is not supported

· All A/N for a UE should be transmitted on one UE-specific UL CC

· A single UE-specific UL CC is configured semi-statically for carrying PUCCH A/N

Since up to two transport blocks can be transmitted in each DL CC using spatial multiplexing, at most 10 A/N bits needs to be transmitted in a subframe for FDD, assuming a maximum of 5 DL CCs. For TDD, a UE may need to simultaneously transmit up to 20 or 40 A/N bits with and without spatial bundling, for 5DL CCs and 4 DL subframes associated with a single UL subframe. As Rel-8 A/N multiplexing scheme with channel selection for TDD can only support up to 4 bits transmission, different approaches has been investigated to support large number of A/N bits transmission. At RAN1 #61bis and 62, there were some final decisions on A/N transmission format for both FDD and TDD [1].
· For Rel-10 UEs that support up to 4 ACK/NACK bits: PUCCH format 1b with channel selection scheme
PUCCH format 1b with channel selection was already implemented in Rel-8 TDD to support up to 4 bits. In this case, A/N bits are transmitted by selecting one channel from a number of available channels and a QPSK symbol.
· For Rel-10 UEs that support more than 4 ACK/NACK bits: DFT-S-OFDM based scheme
· Format switching: For Rel-10 UEs that support more than 4 A/N bits both PUCCH format 1b with channel selection and DFT-S-OFDM are supported and configured by higher layer signaling.
Considering both capacity and performance, DFT-S-OFDM based transmission format was agreed for the UEs that support more than 4 A/N bits. In this scheme, twelve QPSK modulation symbols are transmitted in one resource block and each symbol is spread over 5 resource elements in time domain. Thus in total, there will be 24 QPSK symbols (48bits) transmitted in two slots.
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Figure 1 DFT-S-OFDM scheme

2.2 PUCCH performance requirements

In Rel-8, several performance requirements are defined for different PUCCH transmission format.
· DTX to ACK performance requirements

· The DTX to ACK probability that ACK is detected when nothing is sent shall not exceed 1%.
· ACK missed detection requirements for PUCCH format 1a
· Single user: the ACK missed detection probability that not detecting an ACK when an ACK was sent shall not exceed 1%.

· Multi-user: the ACK missed detection probability that not detecting an ACK on the wanted signal in the presence of the wanted signal and the interfering signals shall not exceed 1%.
· CQI missed detection requirements for PUCCH format 2

· CQI missed detection block error probability that incorrectly receiving the CQI information bits or not detecting the signal at all when the CQI information is sent shall not exceed 1%. 
As can be seen, for A/N transmission, PUCCH format 1a was evaluated by ACK missed detection requirement for both single user and multi-user. In Rel-10, backward compatible Rel-8 transmit format is maintained and no changes are foreseen. Therefore, we propose that Rel-8 performance requirements for PUCCH format 1a and format 2 can be reused.
Proposal: no changes are needed for current Rel-8 PUCCH performance requirements

In Rel-8, PUCCH format 1b with channel selection is used for TDD A/N multiplexing when multiple DL subframes associated with a single UL subframe. No performance requirements are specified for this scheme. However, for carrier aggregation, as mentioned above, format 1b with channel selection shall be utilized for both FDD and TDD for the UE that support up to four A/N bits. Furthermore, 2 DL CCs in FDD is the most typical case for initial Rel-10 network which means PUCCH format 1b with channel selection will be commonly used. Thus, we propose to define new performance requirements for this transmission scheme. In addition, DFT-S-OFDM based transmission format shall be utilized for the UEs support more than four A/N bits transmitted. Considering the different structure from Rel-8 we also propose to define new performance requirements for this transmission format.  

The main motivation for the verification is to ensure that PUCCH format 1b with channel selection and DFT-S-OFDM based transmission format are correctly implemented in order to support CA. The major methodology for Rel-8 PUCCH format 1a verification can be applied. At first stage, we propose to consider all the three error probabilities as we did in Rel-8, i.e. Pr(PUCCH DTX -> ACK bits) = 1%, Pr(ACK-> NACK, DTX) ≤ 1% and Pr(NACK-> ACK) = 0.1%. 
· DTX to ACK probability: to measure the probability that ACK is detected when nothing is sent. For each of such false alarm event, one error is counted as the number of false ACK bits. On DTX to ACK error, it was pointed out in RAN1 that two definitions could be considered for calculating DTX false alarm [2]. 
Definition 1: 
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Definition 2: 
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For the first definition, the number of falsely detected ACK bits only normalized by the number of DTX occasions. For the second definition, the number of falsely detected ACK bits normalized by the number of DTX occasions as well as the number of A/N feedback bits. This ensures that the DTX to ACK probability does not exceed 100%. But there is some concern that dividing this threshold additionally by the number of A/N feedback bits leads to a loose threshold for ACK/NACK detection in case of large number of A/N bits. Considering that in the future the number of ACK/NACK bits would be expanded to more than 10bits, the resulted ACK miss detection probability gap these two definitions would be large. 
Therefore, we need to reach an agreement that which of the definition shall be used when deriving the performance requirement although different definition does not impact the performance much according to RAN1 evaluation.
· ACK missed detection probability: to measure the probability that ACK is not detected properly when multiple ACKs were sent. How many bits should be selected to keep the number of test cases at a reasonable minimum but also ensure the test coverage needs to be considered. Since how many A/N bits can be supported in case of DFT-S-OFDM scheme is still under discussion in RAN1, the detailed method can be discussed further.
· NACK to ACK probability: the requirement of NACK to ACK probability was not included in Rel-8. The reason is that from the simulation results it is clear that fulfilling the ACK missed requirements implies that NACK to ACK requirements will be fulfilled which indicate that missed ACK detection requirements will be the limitation factor. However, this may not be true when a large number of A/N bits are transmitted in case of CA. Hence, whether to define NACK to ACK requirement needs to be studied.
Proposal: define new performance requirements for format 1b with channel selection and DFT-S-OFDM based format, respectively.
Proposal: decide the definition of DTX to ACK probability and/or the corresponding requirements for format 1b with channel selection and DFT-S-OFDM.
3. Conclusion
This contribution provides an overview of PUCCH design for carrier aggregation. We propose to take following aspects into account for PUCCH performance requirements due to the introduction of CA.
Proposal 1: no changes are needed for current Rel-8 PUCCH performance requirements
Proposal 2: define new performance requirements for format 1b with channel selection and DFT-S-OFDM based format, respectively.

Proposal 3: decide the definition of DTX to ACK probability and/or the corresponding requirements for format 1b with channel selection and DFT-S-OFDM.
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