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1. Introduction
In [1] cyclic delay/shift diversity (CDD/CSD) has been adopted as baseline diversity scheme for simulations. Other schemes like STBC, SFBC, TSTD, FSTD etc. are still in discussion, but in case that CDD/CSD will be selected we propose to apply a time varying CDD (TV-CDD) as an optimized implementation concept. 
2. Time varying CDD
For CDD the Tx-signal s is cyclically shifted by an antenna specific cyclic shift (n, n=1,…NTx-1, where the first antenna branch might be set to a zero shift. The equivalent representation in the frequency domain, which is called Phase Diversity (PD), can directly be calculated from the IFFT with length NF and corresponds to,
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where l, k, s(l), and S(k) denote the discrete time, the discrete frequency, and the complex-valued signals in time-domain and frequency-domain, respectively and s(l-(n) is calculated modulo NF.
For time varying CDD (TV-CDD) the cyclic shift (n will be changed over time, i.e. vary from symbol to symbol in a predefined way which is denoted by (n(t). 
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Further details of the concept can be found in [2].
3. Some simulation results
The basic effect of time varying cyclic shifts (n(t) for TV-CDD versus fixed cyclic shifts (n for CDD on the error distribution without FEC can be derived from Figure 1 and Figure 2. While for CDD some subcarriers experience over long time periods strong fading conditions and therefore a significant higher uncoded bit (or symbol) error rate, for TV-CD – in case of a proper chosen time variant cyclic shift (n(t) - the bit errors occur on random frequency and timing positions. 
For a first evaluation and a demonstration of the principle of time varying cyclic shifting here it is referred to some simulations not fully aligned to LTE yet, for which the basic simulation parameters are given in Table 1. The used resource block size is 10 time slots x 8 subcarriers. 
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The uncoded BER itself is not affected by (n(t) (here not shown), but after FEC significant gains are found for TV-CDD as can be seen from Figure 3, where also further gains for 3 and 4 Tx antennas are given. The reason is that long sequences with high number of errors are avoided which have otherwise a very detrimental effect on the FEC performance.  
It should be mentioned that interleaving has already been applied to CDD within each resource block, so the gain for TV-CDD due to randomization of bit errors is in addition to interleaving. 
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Figure 1: Uncoded errors with CDD (· error)

[image: image5.png]0

18quInN [0quAS W40

200l

0

0 10 80 1

12

50

50 00
Subcarrier Number

)

£




Figure 2: Uncoded errors with TV-CDD (· error)
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Figure 3: Coded BERs

4. Features of TV-CDD
Figure 4 compares the receive power for Alamouti with TV-CDD for a typical frequency selective radio channel. While for Alamouti very bad radio conditions are avoided by MRC at the UE, for CDD/CSD partly even higher Rx-powers might be achieved compared to MRC due to beamforming gains at the Tx-side. TV-CDD – in Figure 4 the Rx-signals for 3 different (n(t), i.e. 3 different OFDM symbol of a RB, are depicted – assures that each resource block is at least part time in best radio conditions. A direct theoretical performance comparison between Alamouti and TV-CDD is here not possible. Instead more simulations for relevant deployment scenarios are required to compare the performance gains for each technique, especially for higher number of antenna elements. 
In the end other criteria might be more important for a selection of a diversity scheme. 

For multi-cell scenarios e.g. interference from adjacent radio cells will be an important topic. By time variant cyclic shifts (n(t) - applied to each radio cell – interference within one resource block is averaged similar to the user signal, i.e. it is avoided that a resource block is completely damaged due to a strong interference spotlight from an adjacent radio cell. 
This effect will be very helpful, in case of a high number of interferers with similar strength where CSI estimation will be difficult. Additionally adaptation to several interferers from different directions will lead – even in case of full knowledge of all CSIs at the UE - only to small enhancements. For this scenario the averaging effect of TV-CDD should lead to a low complex system without any estimation of interferer channels but nonetheless high performance.  
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Figure 4: Rx-power for Alamouti (top) and TV-CDD (bottom) 

5. Conclusions 
For CDD/CSD time varying cyclic shifts have been proposed to optimize diversity performance for resource block based radio systems by randomization of uncoded bit errors leading to performance gains after FEC for TV-CDD. It has to be checked whether TV-CDD will be able to overcome penalties compared to space time block coding diversity schemes as claimed in other contributions. 
Interesting is TV-CDD also for averaging of interference from neighboring eNodeBs. 
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