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1 Introduction
At RAN1#66 additional several design choices with respect to 8C-HSDPA were agreed. In particular [1] raised a set of open questions for 8C-HSDPA that were agreed during the meeting. However, in the email discussions following the RAN1 meeting it became evident that there were different views on what RAN1 had agreed with respect to the usage of the DTX codeword when Secondary_Cell_Active was greater than 3. More specifically, when 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 one HS-SCCH is detected for a carrier whose HARQ-ACK information is mapped to the other HS-DPCCH it seems to be unclear whether:

· The UE shall repeat the DTX codeword in the HARQ-ACK field of the HS-DPCCH for which the UE did not detect any HS-SCCH transmissions, or whether 

· The UE shall not transmit anything in the entire HARQ-ACK slot of the HS-DPCCH for which the UE did not detect any HS-SCCH transmissions.

This ambiguity was caused by the fact that the in the related proposal (see proposal 4 in [1]) the word “codeword” was missing. However, in our view it should be obvious from the contribution and it was also evident from the discussion during the meeting that this indeed was what was meant by the proposal. For that purpose, the text related to the proposal is presented below (with the only update that the proposal know explicitly mention the word DTX codeword). To purpose of the contribution is to present our understanding and hopefully resolve this issue.

2 Usage of DTX codeword 

As well-known it has been agreed that the HS-DPCCH solution for 4C-HSDPA should be reused for 8C-HSDPA and that the two HS-DPCCH are I/Q multiplexed when transmitted. 
For 4C-HSDPA a DTX codeword was introduced and transmitted when:
1. More than 2 secondary serving HS-DSCH cells are activated and the HARQ-ACK information for one of the pair of downlink cells that are jointly encoded correspond to the DTX message, and 

2. There is at least one “non-DTX” message reported for the other pair of cell(s). 
This situation is illustrated in Figure 1 below. The motives for introducing the DTX codeword were to: 
1. Avoid half-slot transmissions in the slot carrying the HARQ-ACK information and 
2. Ensure that the HS-DPCCH detection threshold only depended on the number of activated carriers (as opposed to the number HS-SCCHs that were received by the UE). 
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Figure 1: Illustration of the use-case of the ‘DTX codeword’ in a scenario where the UE is configured with 4C-HSDPA and Secondary_Cell_Active is 3 but where the UE only detects HS-SCCHs for the serving and 2nd secondary serving HS-DSCH cell.
For 8C-HSDPA we now consider the following scenario: a UE is configured with 8 carriers, the HARQ-ACK information for carriers 1 to 4 are mapped on HS-DPCCH1 while the HARQ-ACK information for carriers 5 to 8 are mapped on HS-DPCCH2. We moreover consider the scenario where the Node-B only schedules data on the subset of carriers 1 to 4. In this situation is clear that the UE should transmitted HARQ-ACK information on HS-DPCCH1. Assuming that no data associated with carrier 5 to 8 was detected/received by the UE it should according to the HS-DPCCH solution specified in Rel-10 not transit anything on HS-DPCCH2. This is illustrated in Figure 2. Clearly, this results in that the received HS-DPCCH signal energy that the Node-B can expect for detecting HS-DPCCH transmissions would depend on the number of downlink carriers for which the UE detected downlink data transmissions. An implication of this would be that the Node-B needs to vary the detection thresholds used for HS-DPCCH transmissions. Notice that the threshold not only would need to vary with the number of downlink carriers that the Node-B schedules data on but also on which of the carriers downlink transmissions occurred on. (In practice this could also occur if there is a Node-B transmissions but the UE fails to detect the HS-SCCH). To simplify the Node-B design and ensure that the detection thresholds used by the Node-B still only depends on the number of activated secondary serving HS-DSCH cells it would  be desirable if the UE always transmit HARQ-ACK information on both branches in the case where it has at least 4 secondary serving HS-DSCH cells activated. In principle any codeword could be transmitted but for the sake simplicity it is proposed that DTX codeword is repeated. This is illustrated in Figure 3. 
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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.
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Figure 3: 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.
Proposal 1: 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. 
3 Conclusions
This contribution discussed the decision related to the usage of the DTX codeword for 8C-HSDPA. Our understanding is that the what was agreed during RAN1#66 was that
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 

then the UE shall repeat the DTX codeword. This is summarized in the following proposal:

Proposal 1: 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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