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1. Motivations
CDD has been proposed and implemented in a number of BS vendors to provide additional frequency diversity and maximize usage of Tx PAs for preamble, MAP, and SIMO zones.  If the MS knows the BS has CDD, it can use this info to improve the modem performance in a number of ways:
· Enable optimal UL rank 1 Beam Forming for CPE which can significantly enhance UL performance, a bottleneck for WiMax 

· Without the CDD announcement, the CPE can only BF to antenna 0 (the one that carries the preamble); with the CDD announcement, the CPE can perform SVD type BF toward all BS antennas.  Note this rank 1 UL BF is transparent to the BS

· 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
· Without the CDD announcement, 1% CDD delay, for example, could result in about 1 us timing error which will cause 1% ISI and limit the SNR at max 20 dB.  This will cause problem for 64 QAM
· 1 us timing error can also cause phase roll resulting in interpolation error, particularly for AMC and FUSC when pilot density is low.

· The MS can learn the number of Tx antenna of a BS from the CDD descriptors (defined in the following page)

· Number of BS Tx antennas is an important piece of information for the MS.  For example it can be used for setting AGC backoff in BF zones, expecting maximum BF power gain of 10log10(Nant)
· Help the MS to learn the full MIMO channel estimation, particularly when midamble is not present, e.g., in the 2x2 open loop case.
· Preamble pilot tones are 3.5 dB hotter than MIMO pilot tones

· Preamble pilot tones always enjoy frequency reuse 3 therefore lower inference

· The number of preamble pilot tones is larger than the number of MIMO pilot tones, e.g., for 1024 FFT size, there are 284 preamble pilot tones vs. 120 MIMO pilot tones for PUSC
· An example is shown in the appendix of C80216maint-08_070

· Point to point performance will be affected by CDD.  Link adaptation algorithm can be improved if CDD info is known to the MS

· BAMC selection process can also be improved with the MS knowing that the BS is using CDD
So our proposal is that if a BS uses CDD (in TDD or FDD) which artificially changes the natural channel, the mobiles want to know about it.
2. Proposed Text Changes in Rev2/D4
Add the following CDD Descriptors at the end of Table 563 in Section 11.4.1 DCD Channel Encodings at Page 1145
	Name
	Type
	Length
	Value
	PHY Scope

	CDD SISO 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

	Second-tap CDD SISO Descriptor
	157
	Variable
	This TLV may be transmitted to specify CDD parameters to the MS when two delay taps are used on each physical antenna (the first lag of physical antenna #0 is 0).  This TLV is used in conjunction with TLV 155 to specify the CDD parameters of the combined CDD scheme for SISO. TLV 155 is used to specify the first delay tap on each physical antenna.  This TLV is then used to specify the second delay tap on each physical antenna.  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. 

With M physical antennas, M+1 bytes are transmitted, where each of the first M bytes represents one CDD parameter: 6 LSBs ar for delay in samples (1 to 64) from the first lag of physical antenna #0, 2 MSBs indicate phase of the tap, where phase is restricted to {1, j, -1, -j}.  
On all physical antennas, the ratio of the power on first tap relative to the power on the second tap is indicated by the 4 LSBs (0 dB to 7.5 dB with 0.5 dB increment) of the (M+1)th byte, where the 4 MSBs are reserved and shall be set to 0’s.  The sum of the power on the two taps shall equal one.  
	OFDMA

	Second Tap CDD STC Descriptor 
	158
	variable
	This TLV may be transmitted to specify CDD parameters to the MS when two delay taps are used on each physical antenna (the first lag of physical antenna #0 is 0).  This TLV is used in conjunction with TLV 156 to specify the CDD parameters of the combined CDD scheme for STC zone. TLV 156 is used to specify the first delay tap on each physical antenna.  This TLV is then used to specify the second delay tap on each physical antenna. 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. 

With M transmit antennas for each logical antenna, M+1 bytes are transmitted, where each of the first M byte represents one CDD parameter: 6 LSBs are for delay in samples (1 to 64) from the first lag of physical antenna #0, 2 MSBs indicate phase, where phase is restricted to {1, j, -1, -j}.  The same parameters shall apply to logical antenna 0 and 1.

On all physical antennas, the ratio of the power on first tap relative to the power on the second tap is indicated by the 4 LSBs (0 dB to 7.5 dB with 0.5 dB increment) of the (M+1)th byte, where the 4 MSBs are reserved and shall be set to 0’s.  The sum of the power on the two taps shall equal one.  
	OFDMA


3. Conclusion
Here we propose CDD announcement for Base Stations.  If a BS uses CDD which artificially alters the channel a MS sees, the MS would like to know.  The MS can choose to use or not use the CDD Descriptor info in DCD.  If the MS choose not to use the extra info, CDD is transparent to the MS and the channel just appears more frequency selective.

The proposal is strictly backward compatible and provides a number of usages to the MS.   The added overhead is negligible, e.g., one byte for 2 Tx antennas, three bytes for 4 Tx antennas in the 100+ byte DCD message which is transmitted in second time scale.















































































  


