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1. Introduction
In this contribution we compare different multi-antenna transmit schemes for shared control channel transmission. One goal for multi-antenna techniques is to improve coverage for users at the cell edge. Multiple antenna techniques for this purpose include beamforming and diversity schemes. Data transmission is based upon link adaptation, which matches the transmitted rate to the channel conditions, but requires feedback from the UE in order to do so. For control channel signaling, the same techniques may not be applicable since feedback is not present. Thus, the options are limited in the choice of a multi-antenna scheme for control channel signaling. Interference avoidance techniques may also be possible. However, control signaling must also be designed for non-synchronized networks where interference avoidance techniques may be more difficult or impossible to realize.

Open-loop diversity techniques are applicable for control channel transmission, so long as these techniques coexist with the proposed multi-antenna techniques used for data transmission. The baseline system is receive diversity, transmitting from the NodeB on one antenna and receiving on two antennas at the UE.

Approaches that have been considered for signaling on the control channel include the following schemes:

· Space/time/frequency block codes such as Alamouti transmit diversity;

· Cyclic delay/shift diversity (CDD/CSD); and

· Bit-interleaved coded modulation (BICM).

For each of the above approaches, we consider two transmit antennas available for control channel signaling and a fixed coding rate is assumed.  Each approach can also be scaled to a greater number of transmit antennas, but that is not evaluated here.
Previous contributions, see e.g.,  ‎[1], ‎[2], ‎[3] and ‎[4] have primarily compared cyclic delay and space-time-frequency diversity. In ‎[2], the case for space-frequency diversity is made by combining this approach with inter-cell interference mitigation through frequency coordination.  Since this form of transmit diversity may have limited interference cancellation capabilities, some additional form of interference avoidance is promoted for cell-edge coverage.  Alamouti transmit diversity is also recommended in ‎[3] since it is claimed there is an advantage of up to 2dB in flat channels compared to CDD.  CDD, on the other hand, is recommended in ‎[1] and ‎[4] since it potentially handles interference better and also scales better to a greater number of antennas than the space/time/frequency block codes.

2. Evaluation

To evaluate the different proposed multi-antenna techniques for the control channel, results from link level simulations are generated. 

2.1. Basic setup

In the base line configuration, modulation is QPSK for each data symbol, and a rate 1/3 turbo-code is used to encode the information stream. The Alamouti and CDD scheme have the same number of data bits as that used in receive diversity, and are generated with the same modulation and code rate. For BICM transmission, twice as many coded bits are generated, and to keep the same information rate as the other schemes, a rate 1/6 code is used with QPSK. Random interleaving is considered for all schemes in this report. The important difference between the schemes is contained in the following list.

Receive diversity: Only the first antenna is used for transmission. The NULL tiles reserved for the case with two transmit antennas are replaced with user data.

Bit-interleaved coded modulation: Since twice as many coded bits are transmitted, a rate 1/6 code is used to keep the same information rate.

Cyclic delay diversity: The same coded data stream is transmitted simultaneously from each antenna with a cyclic shift of the data on the second antenna. The cyclic data shift corresponds to ½ of the cyclic prefix length and is applied (as a phase shift to the modulated symbol data) prior to adding the cyclic prefix.
Alamouti transmit diversity: Alamouti coding is performed over two adjacent sub-carrier positions (in frequency rather that time).

Since the data on the shared control channel is separated from the user data by confining the control channel to one symbol position, a different multi-antenna scheme can be used for transmitting user data. However, the power allocated to the control channel is fixed so that the same total power is used independent of the transmission scheme. Pilot power is fixed according to the data transmission scheme, which is assumed to be two-antenna BICM in all cases.

2.2. Link evaluation

For link simulations, data is generated using the approaches described above and passed through a fading, dispersive MIMO channel. At the receiver, channel and noise estimation is performed and the transmitted control channel symbols are detected. Soft bit values are computed and passed to a decoder where block errors are counted. Important aspects of the simulation that are not addressed are:

· Ideal synchronization is assumed

· The channel does not include impairments such as frequency error, phase noise, …

· CRC is not included in the encoding, so a simplified block error rate reporting method is used.
· There is no interference from other-cell transmissions.

The resulting simulation is intended to compare the performance between different transmit schemes, rather than give the absolute performance of any one individual approach.

Realistic channel and noise estimation is performed, and a MMSE detector is used for diversity, CDD and BICM transmission. The first two cases default to standard interference rejection combining (MRC under noise-only conditions) since, effectively, only a single stream is transmitted in each of those cases. Soft values are generated using the max-log-MAP approach.

Of the total power, 11.75% is assigned to the pilots when one antenna is used for transmission (SISO) and 18.5% is assigned to the pilots when two antennas are used. Note, since 2x2 BICM is used for data transmission (except for the SISO case), the pilot power is 18.5% for all diversity schemes on the shared control channel.
For Alamouti transmit diversity, the detector combines the received signal values from the paired adjacent sub-carrier. However, rather then hard-detecting the transmitted symbol value, soft values are generated using the max-log-MAP approach with normalized decision statistic.

3. Results
Block error-rate (BLER) results are shown in Figure 1 and Figure 2 for the cases when the channel and noise covariance is known and estimated, respectively. From these plots we find that Alamouti transmit diversity, cyclic delay diversity, and BICM all obtain the full diversity order (order 4) due to coding/interleaving over both space and frequency. The Alamouti scheme is approximately 0.4dB better that CDD, and approximately 1.2dB better than BICM and receive diversity from 1% to 10% BLER with estimated quantities. Thus, the performance improvement of the Alamouti scheme is slight compared to CDD, at least in this channel condition.
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Figure 1: BLER, known channel. (TCTN – True Channel, True Noise)
[image: image2.png]4

-2

Et/No (dB)

0

—©— Sim, M1L1, ECEN
—— Sim, M2L2, ECEN
——6— Sim, M1L2, ECEN
—E— Sim, Alam, ECEN
—f— Sim, CDD, ECEN





Figure 2: BLER, estimated channel. (ECEN – Estimated Channel, Estimated Noise)
Further simulation results are shown in Figure 3 and Figure 4 for higher speed propagation. UE speeds of 50km/h and 100km/h are shown in the plots. For both the Alamouti scheme and CDD there is as light loss in performance of up to a fraction of a dB.
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Figure 3: Alamouti Tx Div. BLER at different UE speeds.
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Figure 4: CDD BLER at different UE speeds.

4. Other issues

Comparing the performance of Alamouti transmit and cyclic delay diversity, it is not clear that one approach has a clear advantage over the other. Rather, it is other considerations that must be viewed. Here we list some of the advantages and disadvantages of the different approaches presented.

4.1. Bit-interleaved coded modulation
Advantages:

· Potentially higher information rate with relaxed coding rate.

· Potentially better performance with non-linear detection of multiple streams.

· Compatible with other multi-antenna transmission schemes.

Disadvantages:

· Detection loss due to multiple stream transmission.

· High complexity at receiver.

· Limited interference rejection ability.

4.2. CDD

Advantages:

· Comparable performance to Alamouti scheme.

· Viewed as single stream transmission at UE, thus can incorporate interference rejection.

Disadvantages:
· CDD increases dispersion so channel estimation may not be as robust as other approaches (i.e. more pilots or pilot power may be required).

· Compatibility of other multi-antenna approaches for combining data transmission with CDD may be an issue. Can not intermix control channel symbols throughout resource block with non-CDD data symbols.

· It is not clear that there are enough data samples to form impairment covariance matrices for interference rejection to work well.

4.3. Alamouti transmit diversity

Advantages:

· Compatible with other multi-antenna transmission schemes.

· Best BLER performance.

Disadvantages:
· Relies on adjacent symbols in time or frequency and performance may be sensitive to increased dispersion and/or vehicle speed.
· Ability to reject interference may be limited since this is effectively a multi-stream transmission approach.
· May not scale as well (compared to CDD) to greater than two transmit antennas.

5. Conclusions
A comparison of different diversity approaches has been made for possible use on the shared control channel. Different diversity approaches including CDD, Alamouti transmit diversity and bit-interleaved coded modulation over two transmit antennas have been investigated. From the link level performance, both Alamouti transmit and cyclic delay diversity has similar performance that is better than BICM for a fixed code-rate. However, since performance is similar for the two transmit diversity approaches, other considerations should be a factor in deciding which scheme to adopt for LTE. The other considerations for determining which approach to adopt is listed below:
Performance in more challenging environments
It is found that higher speeds do not offer either an advantage or disadvantage for either approach.  At higher levels of dispersion, CDD creates a higher variation in fading across frequency, and this may affect channel estimation quality. Additionally, this may also affect data throughput when paired with CDD on the data channel.  The Alamouti approach is potentially affected by greater dispersion if the paired symbols are spread in frequency, though this was not observed in the simulated performance.

Interference environment
Existing receiver interference cancellation approaches, such as interference rejection combining, are easily incorporated into the CDD approach. However, its effectiveness in a practical system needs to be quantified.  For a baseline UE with two-antennas, one strong interferer can be mitigated. Alamouti transmit diversity has a higher symbol-level diversity order, which provides some protection to interference, however, interference avoidance techniques are relied upon in this approach.

Flexibility and compatibility
CDD appears to be not as flexible as the Alamouti approach, since it is not easy to mix other multi-antenna approaches with CDD. The Alamouti approach seems more flexible in that respect. Scalability to a greater number of transmit antennas is not of great concern. While there is some merit to the argument of having non-orthogonal space-time block codes and placement of tiles in greater dispersion, a well-designed system should mitigate these concerns.
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