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1 Introduction
During RAN1#66 and RAN1#66bis there has been discussions with respect to the UE behaviour when Secondary_Cell_Active is larger than 3, the UE does not detect HS-SCCH for any downlink carrier whose HARQ-ACK information is mapped to the same HS-DPCCH and at the same time at least one HS-SCCH is detected for a carrier whose HARQ-ACK information is mapped to the other HS-DPCCH.

Currently, there seems to be two views on the desired UE behaviour for 8C-HSDPA: 

Option 1: The UE repeats the DTX codeword in the HARQ-ACK field of the HS-DPCCH for which the UE did not detect any HS-SCCH transmissions.

Option 2: The UE does not transmit any information in the HARQ-ACK slot of the HS-DPCCH for which the UE did not detect any HS-SCCH transmissions. 
At RAN1#66bis we had a contribution presenting our understanding of what was agreed during RAN1#66. However, as no agreement could be reached during RAN1#66bis this paper complements the previous presented contributions with a detailed description of the technical benefits.
2 Description of the two options
To highlight the difference between the approaches discussed above we consider a case where a UE is configured with 8 carriers, the HARQ-ACK information for carriers 1 to 4 are mapped onto HS-DPCCH and the HARQ-ACK information for carriers 5 to 8 are mapped onto HS-DPCCH2. We furthermore consider a case where the Node-B only schedules data on a subset of carriers 1 to 4. 
In this case it is clear that the UE should be transmit the HARQ-ACK information for carrier 1 to 4 on HS-DPCCH. Assuming that no HS-SCCH associated with carrier 5 to 8 was detected the UE should then 
· For option 1, repeat the DTX codeword on HS-DPCCH2 (see Figure 1). 
· For option 2, do not transmit anything in the slot carrying the HARQ-ACK information on HS-DPCCH2 (see Figure 2).
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Figure 1: Illustration of a HS-DPCCH solution for 8C-HSDPA where the Node-B UE repeats the DTX codeword in case Secondary_Cell_Active is larger than 3 and it does not receive any HS-DSCH data for a set of cells whose HARQ-ACK information is mapped to the same HS-DPCCH.
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Figure 2: Illustration of the HS-DPCCH solution for 8C-HSDPA where the Node-B has scheduled data transmissions on carrier 1 to 4 but where the Node-B has not scheduled any data transmissions on carrier 5 to 8. With the Rel-10 HS-DPCCH solution this would result in that no HARQ-ACK information is transmitted on the I-branch, resulting in less energy for performing the HARQ-ACK detection at the Node-B.
3 Discussion
3.1 Impact of missed HS-SCCH transmissions

Up until and including Rel-10 the HS-DPCCH transmit power, and thus also the detection threshold used by the Node-B, only depended on the number of downlink carriers that were activated. For option 1, this property is maintained. However, for option 2 the expected received energy at the Node-B will vary both with the number as well as the particular subset of downlink carriers on which the Node-B schedules downlink transmissions. To maintain a false alarm probability this will require that the Node-B employs detection thresholds that depends on subset of carriers on which it schedules transmissions. As pointed out during RAN1#66bis this opens up for new error cases.
For example consider the case where the UE has 5 activated downlink carriers (carrier 1 to 5), the Node-B schedules data transmission on all activated downlink carriers, but the UE only detects HS-SCCH for carrier 1 to 4. In this case the Node-B will set its detection threshold γ* which will be based on expected average energy Etot and furthermore based on the assumption that the UE transmit 2 HS-DPCCHs. However, as the UE only transmit feedback information on HS-DPCCH the expected average energy will only be Etot/2. This will result in that the probability that the Node-B fails to detect the HS-DPCCH transmissions increases. This in turn results in that in that HARQ-ACK for all downlink information is lost and the problem is illustrated in Figure 3. With option 1, the expected received energy at the Node-B will only depend on the number of downlink carriers that are activated. Hence this problem will not exist.
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Figure 3: Illustration of the how the probability that a HARQ-ACK transmission is not detected increases when the Node-B is using an erroneous detection threshold. 
The frequency with which the error case may occur will depend on the network implementation. In our view a UE configured with 8C-HSDPA will, due to the increased L1 rate, experience an increased probability of being in a buffer limited state (i.e. the data available at the Node-B may not be sufficient to perform scheduling on all carriers simultaneously). As it furthermore is both unlikely and undesirable that the Node-B activate and deactivate based on the situation in each given TTI we do not believe that the assumption that downlink transmission always occur on all activate downlink is realistic. Hence, in our view this is not a corner case.
Proposal 1: The energy that the Node-B should expect shall only be dependent on the number of activated downlink carriers. 

3.2 Cubic metric

Another difference between the two options is the impact on cubic metric. The cubic metric for an I/Q-multiplexed 2xSF128 HS-DPCCH solution was studied for 8C-HSDPA. Scenarios with and without DPDCH configured, as well as when as scenarios where the UE was configured with 1xSF4 and 2xSF2 E-DPDCH were evaluated in the study. Furthermore, we also evaluated the cubic metric when HARQ-ACK transmission occurred on both HS-DPCCH and HS-DPCCH2 and when HARQ-ACK transmissions only occurred on one of the branches. Note that with option 1 there will always be transmissions on both branches whereas option 2 will result in that there, depending on the downlink carrier on which the downlink transmission occurs only are transmissions on one of HS-DPCCH and HS-DPCCH2. For the sake of convenience the results from that evaluation is presented in Figure 3 to Figure 6 below. The main conclusions from those figures is that when HARQ-ACK transmission only occurs on the I-branch there is a cubic metric penalty as compared to the case where HARQ-ACK transmissions always occur on both branches. More particularly, for low to moderate uplink data rates the cubic metric is between 0.5 to 1 dB.
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Figure 4: Average MPR (averaged over the E-DPDCH gain factor offsets) for the different low data rate scenarios.
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Figure 5: Average MPR (averaged over the E-DPDCH gain factor offsets) for the different low data rate scenarios.
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Figure 6: Average MPR (averaged over the E-DPDCH gain factor offsets) for the different high data rate scenarios. 
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Figure 7: Average MPR (averaged over the E-DPDCH gain factor offsets) for the different high data rate scenarios.
In situations where the UE is power limited a cubic metric difference of x dB will reduce the UEs total transmit power with x dB. In other words an increase in cubic metric of 0.75dB (1dB) will reduce the total to 85% (80%) of its total available power.
Proposal 2: If Secondary_Cell_Activity is greater than 3 then the UE shall always either transmit HARQ-ACK information on both HS-DPCCH(s) or on none of the HS-DPCCH(s).
4 Conclusions
This paper has discussed the UE behaviour when
1. When Secondary_Cell_Active is larger than 3, and

2. The UE does not detect HS-SCCH for any downlink carrier whose HARQ-ACK information is mapped to the same HS-DPCCH, and

3. The UE at the same time detects at least one HS-SCCH for a carrier whose HARQ-ACK information is mapped to the other HS-DPCCH 

For that scenario we propose:

Proposal 1: The energy that the Node-B should expect shall only be dependent on the number of activated downlink carriers. 

Proposal 2: If Secondary_Cell_Activity is greater than 3 then the UE shall always either transmit HARQ-ACK information on both HS-DPCCH(s) or on none of the HS-DPCCH(s).
These two proposals could be summarized in the following proposal:
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Proposal: If Secondary_Cell_Active is larger than 3 and the UE does not detect HS-SCCH for any downlink carrier whose HARQ-ACK information is mapped to the same HS-DPCCH and - at the same time - at least on HS-SCCH is detected for a carrier whose HARQ-ACK information is mapped to the other HS-DPCCH then the UE shall repeat the DTX codeword in the HARQ-ACK field of the HS-DPCCH for which it did not detect any HS-SCCH transmissions.
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