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1. Purpose
Currently CDD (cyclic delay diversity) is not defined in the 802.16 standard (OFDMA PHY) however widely used in practice in WiMAX system. This contribution attempts to bridge this gap by formally defining transparent CDD and supplying necessary restrictions. Although there is an effort to make these definitions in RPD in WiMAX forum 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

This revision incorporates text from C802.16maint-08/070r2 to announce CDD parameters in the DCD and address issues raised in comment #2166 of LB26b.
2. Discussion

2.1. CDD enablement
Currently CDD (cyclic delay diversity) is not defined in the 802.16 standard. 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 and artificial phase roll, the SS needs to know the value of D.
2.3. 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 that enable MS and BS to design their receivers.

3. To specify a CDD announcement TLV that enables performance improvement by specifying the CDD parameters to the MS.

3. Text Changes

[add a new subclause]

8.4.8.7 Cyclic delay diversity (CDD)
The BS and MS may apply the cyclic delay diversity (CDD) technique in order to improve performance or split the power between multiple transmit antennas. The same signal (including data, pilots, preamble, midamble, etc) may be transmitted from several antennas simultaneously, with different cyclic delay applied to each signal in order to reduce the potential of nulling in the receiver's antenna. Cyclic delay means the samples in the useful 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. An equivalent description is to multiply all subcarriers by 
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. Each transmit antenna uses a different delay value and potentially a different gain and phase. 

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 delays
For example, a 2 antenna BS using a 2 antenna STC zone, may use CDD in the first zone (with a single logical antenna) in order to effectively split the transmitted power between the two antennas and enjoy diversity gain.

The following requirements apply to CDD:
1. The CDD parameters and arrangement of antennas shall not change within the zone. For this purpose the preamble is considered a part of the first PUSC zone. 

2. The CDD parameters (delays and powers) and arrangement of antennas shall be the same over zones which have broadcast pilots (dedicated pilots=0) and have the same number of antennas specified in the STC zone IE, over all frames. For this purpose the first PUSC zone is considered to have dedicated pilots=0 and number of antennas equals 1.
3. All references to the power transmitted from an antenna (antenna #k) shall be interpreted as the total power transmitted from physical antennas associated with logical antenna #k 

4. Zone boosting limitations of 8.4.9.6 shall be kept with respect to the total power as defined above.

5. The maximum delay in any physical antenna relative to the reference antenna (antenna #0) shall not exceed 1.4% of the useful symbol time Tb in any zone. The delay shall always be positive. 

6. 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.

[append the  following text a the end of Rev2/D5 Table 567 at Page 1183, line 15, section 11.4.1]

	Name
	Type
	Length
	Value
	PHY Scope

	CDD SISO/SIMO Descriptor 
	155
	variable
	This TLV may be transmitted to specify CDD parameters to the MS. It applies to the first PUSC zone, as well as zones with STC=0b00 (1 logical antenna) and dedicated pilots=0 in STC DL zone IE. 

Each byte represents one CDD parameter: 5 LSBs are for delay in samples (1 to 32) from physical antenna #0, 3 MSBs are reserved and shall be set to 0’s.  If the Length of this CDD Descriptor is n bytes, then the number of Tx antenna is n+1. The power of each antenna is the same.
	OFDMA

	CDD STC Descriptor 
	156
	variable
	This TLV may be transmitted to specify CDD parameters to the MS. It applies to zones with STC=0b01 and 2/3 antennas select = 0b00 (STC using 2 antennas), i.e. 2 logical antennas, and dedicated pilots=0 in STC DL zone IE. 

Each byte represents one CDD parameter: 5 LSBs are for delay in samples (1 to 32) from physical antenna #0, 3 MSBs are reserved and shall be set to 0’s.  The same parameters shall apply to logical antenna 0 and 1. If the Length of this CDD Descriptor is n bytes, then the number of Tx antenna is 2(n+1). The power of each antenna is the same.
	OFDMA
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