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Definitions for transparent transmit diversity and beamforming 
Yuval Lomnitz, Intel Corporation

1. Purpose
Currently CDD (cyclic delay diversity) is not defined in the 802.16 standard (OFDMA PHY) and is even contradictory to the standard, however widely used in practice in WiMAX system (see ‎[1]). This contribution attempts to bridge this gap by formally defining transparent CDD and BF and supplying necessary restrictions. Beamforming is also included in this scope since it requires similar definitions for interoperability which are missing in the standard today. 

Although there is an effort to make these definitions in RPD in WiMAX forum ‎[2] we believe the correct place for them is the 802.16 standard since:
1. These definitions are necessary for the interoperability of devices, not only in the scope of WiMAX.

2. In order to refrain from contradictions between WiMAX and 802.16

2. Discussion

2.1. CDD enablement
Currently CDD (cyclic delay diversity) is not defined in the 802.16 standard and is even contradictory to the standard, however widely used in practice (see ‎[1]). ‎[2] provides a good overview to CDD. 
CDD contradicts the standard in several ways: it does not obey the OFDMA signal definition in 8.4.2.5, and contradicts 8.4.8.1: “The regular subchannel and preamble transmission in the DL shall be performed from only one antenna (Antenna 0)”. The reasons to use CDD in practice are many: first, this way a multi-antenna BS is able to split the transmit power between several antennas (and power amplifiers), and this way a BS with 2 antennas having power P which is able to produce power 2P during a MIMO zone, is able to produce power 2P rather than P during the first (non-MIMO) zone. The second reason is the diversity gain from using CDD. Other reasons are the benefits to link adaptation, power control and handoff from having a correct measure of signal strength from the preamble. So our first target is to enable CDD operation formally.
2.2. CDD definitions and restrictions

Assuming CDD operation is enabled, some limitations need to be considered in order to enable design of receivers in an interoperable manner. CDD is considered a “transparent” technique to the receiver however it is not entirely transparent. First of all, CDD appears as additional delay spread. If the receiver is designed to support a given delay spread assuming known channel models, it is not guaranteed that its performance will not be compromised when additional unexpected delay appears. This depends on the value of the delay, and therefore it should be limited.
Also, CDD affects symbol timing estimation. The signal transmitted from the antenna with delay D has the same symbol timing as the normal signal, but in frequency domain processing (channel estimation, correlation, etc) it would appear to have a delay of D. In order to correctly set the symbol timing without causing ISI, the SS needs to know the maximum value of D.
2.3. Beamforming definitions and restrictions

In contrast to CDD, beamforming is defined in 802.16 OFDMA PHY (by using dedicated pilots in the zone switch IE). The exact mechanism of setting the beamforming weights per subcarrier are left to the BS discretion. However also here some restrictions are missing, and the result is that when BS applies a certain frequency-selective beamforming strategy, the effect on MS performance is not guaranteed, since there are no guidelines as to what selectivity the MS should support in its channel estimation.
For example, assume that the MS is estimating the symbol timing from the preamble, sets the symbol start at the first tap of the channel, and uses a window of T (s to estimate the channel:
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In the beamforming zone the BS may apply flat beamforming weights. In such case the power delay profile of the channel remains the same, and the same channel estimation filter may apply (of course considering the different pilots, etc). However the BS may also apply frequency selective beamformnig weights. It may, just as an example, use a transmit-matched filter, i.e. if the channel of antenna k is hk(t), the BS will apply to each antenna a scaled version of the channel matched filter ((hk*(-t). This optimizes the total received power. 
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In such case the effective channel h(t) = (((k hk*(-t)*hk(t) is conjugate-symmetric around t=0, and includes taps with negative delay (see subfigure (a)). If the receiver continues to use the same channel estimation filter the estimation will be poor. So the BS may consider this effect and shift the response forward as in (b). On the other hand, the MS, may not be aware that the BS has shifted the response forward, and may try to accommodate frequency selective beamforming by shifting the channel estimation filter forward (c). Mis-coordination of the BS and MS results in poor performance.
Therefore in our opinion it is required to define where the BS should attempt to locate the channel response (or actually the delay values that may be applied).
2.4. Targets of this contribution
The targets of this contribution are:

1. To define that CDD (and any cyclic/linear delay or filtering) is allowed

2. To define the restrictions on CDD and beamforming that enable MS and BS to design their receivers.

3. Text Changes
[add new subclause]

8.4.8.7 Transparent transmit diversity and beamforming

The BS and MS may apply additional transmit diversity and beamforming techniques in order to improve performance or split the power between multiple transmit antennas. In these techniques the same signal (including data, pilots, preamble, midamble, etc) may be transmitted from several antennas simultanously, and different filtering may be applied to each signal in order to reduce the potential of nulling in the receiver's antenna. This filtering may introduce cyclic or linear delay, or delay spread, on the transmitted signal. Cyclic delay means the samples in the usable symbol time Tb are shifted D samples forward, the last D samples are copied to the first D samples, and the CP is regenerated from the last samples of the rotated symbol. Linear delay means the OFDMA signal after CP addition is delayed by D samples. D is not restricted to be integer. Cyclic or linear filtering is defined as linear combination of cyclic or linear delays. 
In case of applying such techniques then in all references to "antenna 0" "antenna 1" and so forth, in the rest of section 8.4, shall refer to a logical antenna, representing the signal defined in 8.4.2.5, which may be transmitted from several physical antennas. An example is shown in figure YYY below.
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Figure YYY – example of single logical antenna split into two physical antennas with cyclic filters
Specifically the BS or MS may apply CDD (cyclic delay diversity) to the transmitted signal. CDD means cyclic delay over the usable symbol time which is applied to all antennas relative to the first physical antenna, with different delay values between antennas. For example, a 2 antenna BS using a 2 antenna STC zone, may use CDD in the first zone (with single logical antenna) in order to effectively split the transmitted power between the two antennas and enjoy diversity gain.

The following requirements apply to transmit diversity and beamforming:

(1) The diveristy technique and arrangement of antennas may change between zones and shall not change within the zone, however zone boosting limitations of 8.4.9.6 shall be kept. For this purpose the preamble is considered a part of the first PUSC zone.

(2) All referrences to the power transmitted from an antenna (antenna #n) shall be interpreted as the total power transmitted from physical antennas associated with logical antenna #n 

(3) Flatness requirements apply to the total power per logical antenna (accumulated over all associated physical antennas)

(4) The maximum delay (cyclic or linear) caused by the filtering operations in any physical antenna shall not exceed 2% of the usable symbol time Tb in any zone. 

(5) If the power used by physical antennas associated with the same logical antenna is not equal, it is recommended that antennas transmitting higher power shall use smaller delay values.

For zones with dedicated pilots, the requirements apply to each of the beamformed bursts separately. For example different filters may be applied to different PUSC major groups, with no requirement for continuity between different major groups.
3. References

[1] WiMAX System Evaluation Methodology V2.0, http://www.wimaxforum.org/apps/org/workgroup/aatg/download.php?document_id=24357
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