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1. Introduction
Broadcast control channels must be received over an entire cell, and so beamforming cannot be used to improve their coverage.  Therefore, it is desirable to minimize the range imbalance between the broadcast control channel and beamformed traffic channels.  We therefore study the use of cyclic shift diversity (CSD) and space-time block codes (STBCs) on the control channel.
The advantages of using CSD over STBCs on the control channel are:

1. Simpler symbol detection than space-time block codes (STBCs).  (Channel estimation is identical with CSD and STBC, but the symbol detection of CSD operates just like the detection of a single data stream transmitted from a single antenna.)

2. Does not require grouping of symbols like STBCs do (e.g., for Alamouti STBC symbols must be paired).  The grouping of symbols becomes more difficult as the number of transmit antennas increases (e.g., non-rate one STBCs for four transmit antennas [3] may need pairings of up to eight symbols).

3. Easily scalable to any number of transmit antennas (as long as there is pilot support).

Given this greater simplicity and scalability, CSD seems preferable over STBCs.  We provide a text proposal to study these differences in simplicity and scalability as well as performance gains.

2. CSD on the Broadcast Control Channel

The details of CSD are now given.  CSD [2] is an adaptation of the idea of delay diversity to OFDM systems.  As shown in Figure 1 for CSD in OFDM, each antenna element in a transmit array sends a circularly shifted version of the same OFDM time-domain symbol (for symbol b), x(n,b) (0≤n≤N-1, where N is the system FFT size).  For example if there are Mb transmit antennas at Node B and if antenna one sends an unshifted version of the OFDM symbol, then antenna m transmits the same OFDM symbol, but circularly shifted by (m-1)D time-domain samples.  Note that each antenna adds a cyclic prefix after circularly shifting the OFDM symbol and thus the delay-spread protection offered by the cyclic prefix is unaffected by CSD.  In mathematical notation, the transmitted time-domain signal from antenna m ,zm(n,b), is given as (note that zm(n,b) is only defined for -Lcp≤n≤N-1 where Lcp is the cyclic prefix length):
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where (n)N mean n modulus N (i.e., (n-d)N=n+N-d for 0≤d≤N-1).

The cyclic shift in (1) is equivalent to the following phase shift in the frequency domain (Zm(k,b) is the N-point FFT of zm(n,b)):
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Thus the received Mm(1 frequency-domain signal at the receiver can be expressed as (where Mm is the number of receive antennas at the UE):
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where Hm(k,b) is the Mm(1 frequency-domain channel between the mth transmit antenna at Node B and all receive antennas at the UE and N(k,b) is an Mm(1 vector of added noise.  The received signal can be modelled similar to the case where there is only a single transmit antenna case as:
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where the CSD channel, Hc(k,b), is given as:
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In order to obtain full diversity the input data needs to be coded and interleaved across all subcarriers and D should be chosen so that it is at least as long as the expected maximum delay spread of the channel.

Note that because the received signal in (4) appears like it was transmitted from a single antenna, the decoding complexity (not including channel estimation) is identical to the single transmit antenna case.
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Figure 1.
Block diagram of the CSD technique for transmit antenna m.  Note that the cyclic prefix is added after the circular shift so the cyclic prefix still provides the same delay spread protection as with no CSD.

3. Performance

Results are given using the 5 MHz bandwidth version of E-UTRA (i.e., 300 subcarriers are used for data, the DC subcarrier is skipped in the data allocation, and the FFT size is 512).  The UE has two receive antennas and Node B has one, two, or four transmit antennas.  The 6-ray TU channel model was used for all simulations (with independent fading) with an UE speed of 3 kph.  The 3GPP turbo code was used with an input codeword size of 145 bits for rate 1/4 QPSK and the control channel was located on the first OFDM symbol in a subframe.  A delay of D=101 samples was used for CSD in all cases.  The Alamouti STBC [1] was used for two transmit antennas at Node B and the four element quasi-orthogonal STBC [4] was used for four transmit antennas (a quasi-orthogonal code was used so that the data rate was identical to the other cases).  The symbol grouping for the STBCs was done across adjacent symbols in the frequency-domain.  No DL channel estimation is performed for these results but similar conclusions can be drawn with channel estimation.

Comparison of STBC to CSD

Figure 2 shows a comparison of STBCs to CSD.  The performance of CSD is close to the STBC with the benefit of the symbol detection being simpler with CSD.
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Figure 2.
Comparison of CSD to STBCs for rate 1/4 QPSK.  With four transmit antennas, the performance of CSD approaches the four-element STBC and a 1.7 dB gain is obtained over a single transmit antenna.

Observations on CSD Versus STBCs

In light of the simulation results, some reasons for using CSD over STBCs are:

1. The control channel is coded and interleaved across frequency so CSD gets the transmit diversity through the coding/decoding process.  Since the control channel will typically be using a low rate code, the coding should easily be able to pick up most of the transmit diversity.

2. CSD enables simple symbol and data detection at the UE since the CSD channel looks like a single transmit antenna channel.  The lower complexity at the UE is especially true since advanced receiver techniques may be needed for detecting ST codes since there is potentially significant channel variations over the ST coding groups (e.g., due to channel variations in frequency).

3. Rate-one orthogonal ST codes do not exist for complex constellations when Mb>2.  Thus either quasi-orthogonal, non-rate-one ST codes, or real constellations must be used.  However, either way, when Mb=4 at least four data symbol times or subcarriers must be used to transmit the code and thus the variations across time and frequency can be substantial.  Thus CSD is a much simpler approach than ST codes especially when Mb>2.

4. Text Proposal

-----------------------------------Start of text proposal---------------------------------------------------------

3.3
Abbreviations

For the purposes of the present document, the following abbreviations apply:

BS
Base Station

CP
Cyclic Prefix
CSD
Cyclic Shift Diversity
DL
Downlink

DRX
Discontinuous Reception

DUSP
Switching point from downlink to uplink

E-UTRA
Evolved UTRA

E-UTRAN
Evolved UTRAN

FDD
Frequency Division Duplex

FEC
Forward Error Correction

HARQ
Hybrid Automatic Repeat reQuest

HCR
High Chip Rate

HSDPA
High Speed Downlink Packet Access

IFFT
Inverse Fast Fourier Transform

IOTA
Isotropic Orthogonal Transform Algorithm 

LCR
Low Chip Rate

LTE
Long Term Evolution

MIMO
Multiple Input Multiple Output

OFDM
Orthogonal Frequency Division Multiplexing

OFDMA
Orthogonal Frequency Division Multiple Access

OQAM
Offset QAM

QoS
Quality of Service
PS
Packet Switched

RF
Radio Frequency
SC-FDMA
Single Carrier – Frequency Division Multiple Access
STBC
Space Time Block Codes
TDD
Time Division Duplex

UDSP
Switching point from uplink to downlink
UE
User Equipment
UL
Uplink
-------------------------------------End of text proposal----------------------------------------------------------

-------------------------------------Start of text proposal----------------------------------------------------------
7.1.1.4
MIMO and Transmit Diversity
The baseline antenna configuration for MIMO is two transmit antennas at the cell site and two receive antennas at the UE. The possibility for higher-order downlink MIMO (more than two TX/RX antennas) should also be considered. 

Transmit diversity schemes vary with respect to their complexity and ability to support a variable number of transmit antennas. Therefore, the simplicity and scalability of transmit diversity schemes should be compared as well as their performance gains.  Cyclic shift diversity as well as STBC techniques should be considered.
-------------------------------------End of text proposal----------------------------------------------------------

References

[1] S. Alamouti, “A Simple Transmit Diversity Technique for Wireless Communications,” IEEE Journal on Select Areas in Communications, Vol. 16, No. 8, October 1998.
[2] J. Tan, G. L. Stüber, “Multicarrier Delay Diversity Modulation for MIMO Systems,” IEEE Transactions on Wireless Communications, Vol. 3, No. 5, September 2004.
[3] V. Tarokh, H. Jafarkhani, and A. R. Calderbank, “Space-Time Block Codes from Orthogonal Designs,” IEEE Transactions on Information Theory, Vol. 45, No. 5, July 1999.
[4] H. Jafarkhani, “A Quasi-Orthogonal Space-Time Block Code,” IEEE Transactions on Communications, Vol. 49, No.1, January 2001.
























































































































































































































- 1/5 -

_1176193289.unknown

_1197960399.unknown

_1197960429.unknown

_1197960196.unknown

_1176194603.vsd

_1176193203.unknown

