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1. 
Introduction 
In RAN1#49bis meeting, it was agreed that for DL ACK/NACK channel

· ACK/NAK mapping independent from PCFICH

· Map ACK/NAK on 1 or 3 OFDM symbols for one ACK/NAK channel

· Number of OFDM symbols is semi-statically configurable

· ACK/NAK duration puts a lower limit on the value signalled on PCFICH

· For TDD case where larger number of ACK/NAK may be needed at a time (depending on UL/DL configuration), the number of OFDM symbols may exceed 3 symbols
In [1,2], a CDM based DL ACK channel multiplexing is evaluated, and it is concluded that a CDM scheme of SF2 or SF4 achieves the best tradeoff between interference averaging capability and scheduling flexibility at the Node-B.  Here, we extend the discussions in [1,2] by introducing I/Q multiplexing as well as CDM+SFBC transmit diversity. The ACK to RE resource mapping method is shown in a companion contribution [3].  
2.
Multiplexing of the ACK channels

We discuss multiplexing of the DL ACK channels using a simple CDM first, and the extension to CDM with I/Q domain multiplexing. 
2.1 DL ACK Multiplexing with CDM  
Similar to [1,2], we propose to use CDM in conjunction with cell-specific scrambling, in order to take advantage of interference averaging  for a given repetition/transmission of the ACK channel, and to ensure interference randomization over several repetition/retransmission. In our proposal, the spreading length of SF4 is selected, and the resulting signal vector after spreading is mapped to a 1x4 resource unit (RU).  Note that 1 RU covers four neighboring subcarriers and one OFDM symbol in the time-frequency resource mapping.  
Let 
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be the four ACK bits that are BPSK-modulated,  let 
[image: image2.wmf]14

[,,]

=

Sss

L

be the unitary spreading matrix where each spreading vector 
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 is of size 1x4, then the transmit signal 
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 after CDM spreading is given by:
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, where  
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is a diagonal matrix indicating the transmission amplitude of the ACK bits.
2.2 CDM with I/Q Domain Multiplexing

In the CDM example of SF4, each signal vector 
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  after spreading carry four BPSK-modulated ACK bits. However,   the multiplexing capacity can be doubled if we use both I and Q (real and imaginary) branches to carry different ACK bits with different power setting. To this end,  let 
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be the four BPSK-modulated ACK bits to be carried on the i-branch (real branch) and let 
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 be the four BPSK-modulated ACK bits to be carried on the q-branch (imaginary branch), let 
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be the unitary spreading matrix where each spreading vector 
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 is of size 1x4, then the transmit signal 
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where  
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 are two  diagonal matrices indicating the transmission amplitudes of the ACK bits on I and Q branches, respectively.

By doubling the ACK multiplexing capacity for a given CDM SF size, the I/Q multiplexing effectively reduces the ACK overhead. For example, if 50 ACK channels are supported and each requires effectively 6 repetitions (with CDM already factored in), then the ACK overhead is (50*6)/(600*14) = 3.57% for a 10MHz system. I/Q multiplexing effectively cut this number down to 1.78%, which is pretty sizable saving.  On the other hand, the I/Q multiplexing may lead to the near-far problem between the I/Q branches. This is due to the fact that if the power imbalance between different ACK channels carried on I/Q branches becomes too large,  then channel estimation error tends to penalize the low-power ACK channels more than the high-power ACK users. 
If the ACK loads of the system is light, and if the node-B detects a severe power-imbalance problem,  it can decide to transmit on only I or Q part.   In general case of high ACK load, one way to mitigate this near-far problem is to impose a maximum power imbalance, 
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 (dB), on the set of ACK channels.   Let 
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be the power (in dB) of the K (K<=8 with spreading gain of 4 andI/Q multiplex) ACK channels being multiplexed together, and WLOG let 
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 be the largest power. Then the rest of ACK channels’ power (in dB) are adjusted by:
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With a reasonable 
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 value, e.g, 10dB, the power penalty due to this limitation is minimal for the low-power ACK channels.  This is due to the fact that the overall Node-B ACK power overhead is dominated by the high-power ACK channels.  In addition to the limitation on the power imbalance, the Node-B may also try to put two ACK channels with similar power settings on the I and Q branches of the same complex symbol. 
3. Transmit Diversity for DL ACK for 2Tx case
Since the ACK/NACK is 1-bit information, it is important to guarantee enough diversity gain without having too many repetitions (i.e. avoiding unnecessary frequency resource overhead). This leads to a transmit diversity method that consists of the following:

1. Each CDMed vector 
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is repeated R times, each repetition is mapped to a 4x1 RU; the number of total repetitions is fixed regardless of the number of OFDM control symbols N. Typically R=3.
2. SFBC is applied to each CDMed vector 
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.
Take an example of transmit diversity scheme for the 2 Tx case with SF4 CDM, assuming the number of OFDM control symbol is N=1, and the number of repetition is R=3.   In each transmission, the 4 symbols 
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 are mapped to a  4x1 RU using SFBC across both transmit antennas. The scheme is illustrated in Figure 1 below for the case of N=1 OFDM control symbol, where R=3 repetitions are used. 
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Figure 1: Illustration of the CDM+SFBC + repetition method for N=1, R=3 case. Only the first OFDM symbol in the subframe is shown in this Figure. The RS symbols are not shown for simplicity.
Assuming the channel on each antenna does not vary in each 1x4 RU, the orthogonality of the spreading matrix S is preserved and the UE only requires a simple dispreading, in addition to standard SFBC diversity combining operation.   In this case, a diversity order of 2 is achieved with each repetition, and 3 repetitions can achieve a diversity order of up to 6, if there are enough frequency selectivity in the propagation channel. 

4. Transmit Diversity for DL ACK for 4Tx case

A simple extension of the CDM / SFBC/repetition structure of previous section to the 4Tx case results in a CDM/ SFBC+FSTD/  repetition structure. However, the orthogonality of the CDM spreading is lost after the SFBC+FSTD receiver.  This loss of CDM orthogonality was also pointed in an earlier contribution of [4].  Furthermore, one of the solutions proposed to address this issue is to use only two transmission antennas (and a simple SFBC) for each repetition. 
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Figure 2: DL ACK/NACK SFBC illustrated.  Excerpt from [4].
However, considering the working assumption after RAN1#50, there are two problems with this solution of [4]:
1. Each repetition is not PA balanced. Therefore, if we map 3 repetitions evenly to the 3 control OFDM symbols (one repetition per control OFDM symbol),  then the PA power is not fully utilized in all three OFDM symbols;

2. Each repetition cannot capture the full diversity order in the channel. 
In order to solve the above two problems in the solution of [4], in this contribution we propose to use a different CDM method and transmit diversity scheme for the DL ACK/NACK channels. In this scheme,  a  CDM of SF length 3 is used, followed by a spatial rate ¾ orthogonal SFBC code. Only 3 repetition is needed for the output of the ¾ orthogonal SFBC code. Afterwards, the three repetitions are mapped either to the first OFDM symbol #0, or map it in a way such that each OFDM will contain one repetition. For each repetition,  the PA balance is always achieved in this proposed scheme.  In addition, for each repetition, the full 4th order spatial diversity is obtained. This method is illustrated in below.
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Figure 3: Illustration of the new CDM and transmit diversity scheme for the DL ACK/NACK bits.

 One example of the set of  SF3 spreading codes is 
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One example of the rate ¾ orthogonal SFBC(OSFBC) is given by matrix C. Note that the outcome of this rate ¾ SFBC encoder still maps to a 1x4 RU. 
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Alternative proposal for  4Tx transmit diversity

During offline discussion on this issue with interested companies,  it is pointed out that while the rate ¾ SFBC method has the advantage of  full diversity and PA balance, the multiplexing capacity of A/N is 6 (with I/Q multiplexing) with SF 3, and is less than the proposal of [4], which has a multiplexing capacity of 8 with I/Q multiplexing. Taking into account this consideration, we hereby propose an alternative method that is a slight modification of [4][5] and it satisfies:

·  PA balance in each repetition – main advantage over [4][5]

· SF 4, and multiplexing capacity of 8 with I/Q multiplexing, or 4 without I/Q multiplexing  

·  Diversity order of 4 over repetitions.

·  Re-use of the existing  SFBC transmitter and receiver 
We start from the two transmission matrices used in [5]:
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Our proposal is to use the following set of transmission matrices for three repetitions C(1),C(2),C(3):
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The resulting three transmission matrices are given by
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In the Figure 4 below, we show an example of how the 3 repetitions are mapped to the first control OFDM symbols.
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Figure 4: Mapping the 3 DL ACK/NACK repetitions to 1 OFDM control symbol
5. Conclusion 

In this contribution, we extend the discussions in [1,2] on CDM for ACK channel by introducing I/Q multiplexing, as well as the transmit diversity scheme of  CDM+SFBC  for 2Tx case. For 4 Tx case, we propose to use rate ¾ orthogonal SFBC together with SF3 CDM, so that PA balance is satisfied for each repetition.  Furthermore, each repetition captures  the full spatial diversity available in the channel.  We also proposed an alternative 4Tx solution that is based on the solution originally proposed in [4][5], with some slight modification targeted at resolving the PA imbalance issue. Therefore, we would like to ask RAN1 to consider the proposed approach in both 2 Tx and 4 Tx cases.
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