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1. Introduction

In 3GPP RAN1#62 meeting, it was agreed for Rel-10 UEs that ACK/NACK messages can be constructed based on the number of configured component carriers and the number of configured transport blocks in each component carrier. Since a NACK is signalled for component carriers both in the case of unsuccessful decoding of a PDSCH and in the case a PDCCH is not detected, ambiguity can exist in the eNB as to which of these events has occurred.
In this contribution we explore the possibility of distinguishing between these two cases and present our views on this topic
2. Discussion
In RAN1#62 it was agreed that the ACK/NACK payload is determined by the number of configured component carriers (CCs) and transport blocks for each CC. For example, if 2 CCs are configured for single transport block transmission, and 3 are configured for dual transport block transmission, then 8 (=2x1 + 3x2) ACK/NACK message bits are signalled to the eNB even if only one PDCCH is received by the UE indicating PDSCH data only on one CC. Similarly, since a maximum of 5 CCs can be configured and a maximum of 2 transport blocks configured per CC, the maximum ACK/NACK message size is 10 bits.
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Figure 1 - Scheduling of ACK/NACK for component carriers
An ACK is transmitted if PDSCH data is decoded correctly, otherwise a NACK is sent. A characteristic of this approach is a NACK is also sent on CCs where no data is scheduled. Since the eNB knows on which CCs a PDSCH was scheduled, it can use this apriori information to improve decoding by only considering whether an ACK or NACK is encoded for CCs that were scheduled and fixing NACKs for CCs that were not scheduled. Additionally, the transmission of one or two feedback bits for each carrier, regardless of whether or not PDCCH and/or PDSCH decoding was successful, allows the eNB to unambiguously associate each ACK/NACK bit with a particular carrier and data block.
However, the eNB cannot distinguish between the signalling of a NACK and PDCCH missed detection under the current working assumption resulting in an ambiguity. The impact of this ambiguity results in inefficient redundancy version selection, resource allocation and power allocation for PDSCH retransmissions [1]. Furthermore, knowledge of component carriers with high missed detection rate could assist the eNB in providing robust PDCCH performance in cases of poor or out of date CQI accuracy on a CC. To combat these disadvantages it is proposed to signal information about the number of PDCCHs detected by the UE.
Proposal: Signalling information about the number of PDCCHs detected by the UE.
3. Signalling information about the number of PDCCHs
By signalling information about the number of PDCCHs detected at the UE the eNB can determine whether any of the NACKs in a payload truly indicate a NACK or the missed detection of a PDCCH. Figure 2 shows a simple approach where one bit parity indicator of the number of PDCCHs detected at the UE has been added to the ACK/NACK message payload. This bit could, for example, use a value of 1 to indicate that an odd number of PDCCH control channels were detected by the UE and a value of 0 to indicate an even number of PDCCH control channel detections. If the indication does not align with the number of PDCCH control channels transmitted by the eNB, then it is understood by the eNB that at least one transmitted PDCCH was not detected.
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Figure 2 - Scheduling of ACK/NACK with parity indicator bit.
Additionally, if at least one ACK is signalled on each CC on which a PDCCH has been received by the UE, the eNB can also determine the exact CC in which a PDCCH was not detected by the UE. It is assumed here that since missing one PDCCH should be a rare event in a properly functioning network, the likelihood of missing more than one would be negligible. For example, when two PDCCHs are scheduled, the probability of missing two of them is around 10-4 assuming the PDCCH reliability is 10-2. This is shown in Figure 3 for the case of five configured component carriers each supporting a single transport block per CC. If the parity indicator bit indicates a missed PDCCH and all scheduled CCs contain ACKs except for the one in which the missed PDCCH has occurred which is the only one containing a NACK then that NACK must indicate a missing PDCCH.
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Figure 3 - Case where eNB can determine the exact CC in which PDCCH is missed.
Obviously the likelihood of detecting the CC containing the missing PDCCH is related to the probability of a NACK. Table 1 reflects this by detailing the probability an eNB can accurately locate the CC where a PDCCH was missed for various probabilities of NACK in PDSCH. This example table assumes that the UE has been configured with five active CCs and assumes only a single PDCCH has been missed. As the eNB will understand the location of the missing PDCCH only when all other scheduled CCs contain at least one ACK, the table reflects the probabilities of such an occurrence. As shown, for smaller probabilities of a NACK and for smaller numbers of scheduled CCs there is a higher likelihood of correctly identifying the CC containing the missing PDCCH.
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P Nack 2CC 3 CC 4 CC 5 CC

0.1 0.90 0.81 0.73 0.66

0.2 0.80 0.64 0.51 0.41

0.3 0.70 0.49 0.34 0.24
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Table 1 - Probability of eNB detecting specific CC with missing PDCCH in case of single TB per CC
In the case where two transport blocks are transmitted per CC, since scheduling information for these two transport blocks is contained within one PDCCH only, the ambiguity between a missed PDCCH and NACK in a CC can only exist if NACKs are sent by the UE for both data layers. Table 2 shows the probability of the eNB correctly determining the location of a missing PDCCH in the case where CCs are configured for the transmission of two transport blocks. As successful decoding between transport blocks is correlated, results are shown assuming example correlation values (Pcorr) of 80% and 20%. Since only a single ACK is required to confirm the reception of a PDCCH, the likelihood of correctly identifying a missed PDCCH is higher for smaller correlation values.
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P Nack  Pcorr 2CC 3 CC 4 CC 5 CC

0.8 0.92 0.85 0.78 0.72

0.2 0.98 0.96 0.94 0.92

0.8 0.76 0.58 0.44 0.33

0.2 0.94 0.88 0.83 0.78

Scheduled CCs
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Table 2 - Probability of eNB detecting CC with missing PDCCH in case of two TB per CC
An alternative to signalling of the number of detected PDCCHs would be to explicitly signal ACK/NACK/missed PDCCH information for each individual component carrier. However one concern is this approach leads to a significant increase in payload size. For example, if 5 CCs are configured each supporting a single TB, then 8 =[image: image6.png][log, 3°|



 ACK/NACK/missed PDCCH message payload bits are required, while signalling information about the number of PDCCHs can require only the addition of a single bit resulting in a payload size of 6 bits. Furthermore, although the explicit signalling approach would provide the eNB with full knowledge of the location of any missed PDCCH, it is not clear whether mapping the message contents to ACK/NACK/missed PDCCH bit payload would be straightforward as in the signalling information about the number of PDCCHs approach. 
Proposal: Include a single bit to the ACK/NACK message payload to signal the detection of an odd/even number of PDCCHs at the UE.
4. Conclusions
In this contribution we discussed potential ambiguity of NACK and missed PDCCH in ACK/NACK signaling. To protect against system inefficiencies due to missed PDCCH it is recommended the following proposals should be adopted: 
Proposal: Signalling information about the number of PDCCHs detected by the UE.
Proposal: Inclusion of a single bit to the ACK/NACK message payload to signal the detection of an odd/even number of PDCCHs at the UE.
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