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1 Introduction
In the agreed baseline CRs for DC-HSDPA ‎[1]

 REF _Ref209845201 \r \h 
‎[2]

 REF _Ref209845202 \r \h 
‎[3]

 REF _Ref209845203 \r \h 
‎[4], a second HS-DPCCH channel is introduced.

In order to minimize the impact on uplink coverage, it was specified that the two CQIs (one for each cell) should be time multiplexed whenever possible (i.e. when the CQI feedback cycle is at least two times as large as the CQI repetition factor).
As a further coverage improvement, it was proposed in the CR revision in ‎[5] to always map the (single) HARQ ACK/NACK to the first HS-DPCCH in case of single-cell HSDPA transmission. This may be beneficial since transmission on the first HS-DPCCH (only) has been shown to have better Cubic Metric properties than transmission on the second HS-DPCCH (only).
However, the CR revision was rejected since several companies had concerns with the potential error cases with this approach. During the discussion in RAN#54, it was suggested to consider the possibility to go for an approach with a single HS-DPCCH code instead. In this contribution, we discuss this possibility.
2 Discussion

2.1 On the ACK/NACKs
One way to map the two ACK/NACKs for the two cells onto a single HS-DPCCH is to go for a joint coding scheme similar to what is specified for Rel-7 MIMO in 25.212 section 4.7.3.1. Table 15B in 25.212 specifies 2 code words for ACK/NACK of a single stream transmission, 4 code words for ACK/NACK of dual stream transmission and 2 code words for PRE/POST indication, i.e. in total 8 code words.
In order to indicate ACK, NACK and DTX independently for dual cell transmission, we need 8 code words. One possibility is to reuse the 8 code words in Table 15B. However, it is possible to choose 8 code words with a larger minimum distance than what we have for the code words in Table 15B. Also, if PRE/POST support is desired, 2 additional code words would be needed, i.e. 10 code words in total.

In the Annex, we provide an ACK/NACK detection performance evaluation where we have allowed ourselves (in “format 3”) to modify the code words compared to the Rel-5 format (“format 1”) and the MIMO codebook based format (“format 2”) in order to maximize the minimum distance.
It can be seen from the results that format 3 requires about 0.5 dB more power than the Rel-5 format. This means that during single cell transmission, format 3 may result in slightly worse coverage due to the 0.5 dB worse detection performance, while during dual-cell transmission format 3 should have better coverage due to the 3 – 0.5 = 2.5 dB better detection performance (since formats 2 and 3 only require a single HS-DPCCH channel while format 1 requires two parallel code multiplexed HS-DPCCH channels).
However, this analysis only looks at the HS-DPCCH ACK/NACK detection performance. In reality, only a portion of the UE transmit power is spent on the HS-DPCCH, and the rest on other uplink channels. This should be kept in mind while interpreting the differences in ACK/NACK detection performance.

Furthermore, the analysis does not take Cubic Metric and power back-off into account. As mentioned in the introduction, transmission of only the second HS-DPCCH results in worse Cubic Metric and somewhat larger back-off. This can be avoided if all ACK/NACKs are always transmitted on a single HS-DPCCH.
2.2 On the CQIs
In the currently agreed CR ‎[4] it is specified that the CQIs should be time multiplexed onto a single HS-DPCCH whenever possible, so it is only in special cases that we actually make use of the second HS-DPCCH for CQI transmission. If the ACK/NACKs are always mapped to a single HS-DPCCH, it is tempting to always map the CQIs as well to a single HS-DPCCH and get rid of the second HS-DPCCH altogether.
It should be straightforward to reuse the joint coding scheme for CQI used for Rel-7 MIMO in 25.212 section 4.7.3.2. Since no PCI information needs to be transmitted, we can use all 10 bits in the CQI field for coding the two 5-bit CQIs, i.e. the coding scheme is reused and only the information mapping is changed.
Similar uplink coverage as for the currently agreed time multiplexed scheme should be possible to achieve if CQI repetition is applied to the jointly coded CQIs.
3 Specification impact
We foresee the following specification impact:

RAN1:
· 25.211: The agreed change in section 5.2.1.2 will no longer be needed and would be removed.
· 25.212: In section 4.7, the new HS-DPCCH coding for DC-HSDPA would need to be specified.
· 25.213: The entire CR will no longer be needed and would be withdrawn.
· 25.214: Sections 6A.1.1 and 6A.1.2.3 would need to be updated to reflect that the CQI and ACK/NACK for both cells should be mapped to a single HS-DPCCH instead of two when the the secondary serving HS-DSCH cell is active. Furthermore, it may be desired to introduce new power offset parameters in section 5.1.2.5A, or at least a clarification of what power offsets to use.
RAN2:
· No significant impact

RAN3:
· No significant impact

RAN4:
· The agreed uplink reference channel would need to be updated which may affect ongoing simulation work, unless it can be agreed in RAN4 that no uplink tests are needed for DC-HSDPA when there is only a single HS-DPCCH (cf. MIMO).

4 Conclusion
It is proposed to discuss the described approach with a single HS-DPCCH channel instead of two. Our view is that the approach looks promising if it can be done without jeopardizing the time plan for the DC-HSDPA work item.
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6 Annex: ACK/NACK detection performance evaluation
6.1 Assumptions

The ACK/NACK information is coded into 10 bits which are conveyed in the first slot of the HS-DPCCH. In this analysis we consider the following formats (codebooks):

· Format 1: This is the non-MIMO ACK/NACK format, where two code words are used. The code words are given by

ACK 

=
[1 1 1 1 1 1 1 1 1 1]
NACK

=
[0 0 0 0 0 0 0 0 0 0]

Needless to say, for DC-HSDPA operation, we will require two HS-DPCCHs to be configured in order to use format 1 for signaling ACK/NACKs for both carriers.

· Format 2: This format builds upon the existing MIMO format for transmitting ACK/NACKs. As an addition, we re-interpret the POST/PRE code words in order to be able to indicate DTX on one of the carriers. The code words are given by

ACK/DTX 
= 
[1 1 1 1 1 1 1 1 1 1]
NACK/DTX
= 
[0 0 0 0 0 0 0 0 0 0]
DTX/ACK
=
[1 0 1 0 1 1 1 1 0 1]
DTX/NACK
=
[1 1 0 1 0 1 0 1 1 1]
ACK/ACK
=
[0 1 1 1 1 0 1 0 1 1]
ACK/NACK
=
[1 0 0 1 0 0 1 0 0 0]
NACK/ACK
=
[0 0 1 0 0 1 0 0 1 0]
NACK/NACK
=
[0 1 0 0 1 0 0 1 0 0]

Notice that the minimum distance for this codebook is 3. Also note that PRE/POST is not supported since code words 7 and 8 are the existing PRE and POST indications.

· Format 3: This codebook is designed to maximize the minimum distance, which in this case equals 5. The code words are given by

ACK/DTX
=
[1 1 1 1 1 1 0 1 1 0]
NACK/DTX
=
[1 1 1 0 1 1 1 0 0 1]
DTX/ACK
=
[1 1 0 1 0 0 1 0 1 0]
DTX/NACK
=
[0 0 0 1 1 1 1 1 1 1]
ACK/ACK
=
[1 0 0 0 0 1 1 1 0 0]
ACK/NACK
=
[0 1 0 1 0 1 0 0 0 1]
NACK/ACK
=
[1 0 0 0 1 0 0 0 1 1]
NACK/NACK
=
[0 1 1 0 0 0 1 1 1 1]

With format 3, it is possible to add 2 more code words identical to the legacy PRE/POST code words in order to also support PRE/POST functionality. The minimum distance will remain equal to 5.
To evaluate the performance of the different formats we consider an AWGN scenario with a maximum likelihood sequence detector at the Rx side. Consequently, the received signal is correlated with all possible code words, and the maximum metric determines the candidate code word.

Furthermore, in this evaluation, if the maximum metric is larger than a detection threshold T, the candidate code word is considered to be a valid code word, otherwise the transmission is considered to be a DTX. The threshold T is assumed to be proportional to the noise variance, and the proportional constant is determined by assuming a fixed false alarm probability PFA. Here we design T to have a PFA = 0.001, and we assume that we have perfect knowledge of the noise variance. The threshold T may be different for different formats since it depends on the number of code words in the codebook.
We do not consider any PRE/POST functionality or ACK/NACK power scaling in this study.
6.2 Error events

The following error events are considered:

· False alarm probability (PFA): The probability that the detector determines a valid codeword even though there was no signal transmitted (DTX).

· Miss detection probability (PMD): The probability that the detector declares that there was no signal (DTX) even though there was a valid code word transmitted.

· Error probability (PE): The probability that the detector finds the wrong code word given that a transmission has occurred.

6.3 Results

Figure 1 shows results for missed detection and false alarm, and Figure 2 shows error probability results. Some conclusions follow below:

· The false alarm probability is approximately 0.001, which is in line with the design choice.

· Format 1 has the lowest probability of missed detection. Also, formats 2 and 3 exhibit roughly the same PMD. This is a theoretically sound result since PMD is a function of the codebook size and the detection threshold. As we have a fixed false alarm probability the detection threshold varies with the codebook size; format 1 has the lowest threshold, whereas formats 2 and 3 have equal and slightly higher threshold. Finally, let us consider PMD = 0.01. Then formats 2 and 3 require roughly 0.5 dB more Eb/N0 compared to format 1.

· Formats 2 and 3 require roughly 0.5 dB higher power than format 1. However, in case of dual-cell HSDPA transmission, when format 1 requires two ACK/NACKs to be transmitted in parallel using code multiplexing onto two separate HS-DPCCH channels, format 1 requires 3 – 0.5 = 2.5 dB more power than format 2 or 3.

· The missed detection error seems to dominate the total error contribution (the error probability results are very similar to the missed detection results).

Figure 3 shows the error probability given detection and Figure 4 shows the codebook performance (the error probability given that no DTX detection is used). In these figures we show error probabilities for each code word separately. It is evident that codebook 3 performs much better than codebook 2. Also, it is apparent that codebook 3 is more balanced than codebook 2. We see, for example, that for format 2, code words 1 and 2 (ACK/DTX and NACK/DTX) have a slightly worse performance compared to the other code words.

For format 3, if 2 extra code words are introduced in order to support PRE/POST functionality, resulting in 10 code words in total, we expect negligible impact on the error probability PE since the minimum distance remains equal to 5 (as well as an improvement of the miss detection probability PMD due to the PRE/POST functionality).
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Figure 1: Missed detection (and false alarm) for different formats.
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Figure 2: Error probabilities for different formats.
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Figure 3: Error probabilities given detection for different formats
(one curve for each one of the eight code words).
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Figure 4: Codebook performance – error probability given that no DTX detection is used
(one curve for each one of the eight code words).
























