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Analog vs. Codebook Feedback – Performance Comparison  

Ron Porat  

Nextwave Wireless 

1. Introduction 
 

In a previous contribution C802.16m-08372r2 we proposed the idea of analog feedback.  

The current trend of digital communications is based on Shannon’s source channel separation theorem. 

However, in some cases this approach is suboptimal when for example  

• The communication system is delay constrained and operating in time selective Rayleigh fading (where 
strong FEC codes and HARQ can’t be used) 

• The SNR is unknown at the transmitter.  

 

As is known, digital communication suffer a cliff effect more noticeable than analog communication. When 
SNR is below the design point, performance deteriorates rapidly whereas above the design point there is no 
throughput improvement as the system throughput is limited by the choice of input MCS. 

This problem causes wasteful overhead in CL-MIMO operation as the subscriber can’t assume a given UL 
SINR and needs to use suboptimal short length coding designed for worst case. 

In CL MU-MIMO the problem is even more pronounced as the required accuracy of the source (DL channel) 
increases with SNR and quantizing it to N bits is either insufficient at high SNR or not needed and increases UL 
overhead at lower SNR. 

As we mentioned in previous contributions several types of analog feedback are possible from the actual DL 
channel or channel covariance to the right most singular vectors and values. 

Here we compare the performance of two of them relative to the 802.16e 6 bit codebook.     

 

 

2. Simulation Results 
 
In the following plots we show DL ergodic or outage capacity loss for 4-antenna BS and 2-antenna subscriber. 
The DL flat fading channel was fed back to the BS through Rayleigh fading Ped-B 10MHz 3kmph channel 
using 802.16e UL CQICH channel with modifications. 
 
We simulated 3 types of feedback content: 

• 16e – 6 bit codebook 
• Analog covariance matrix (R) as explained in C802.16m-08372r2 
• Rank-1 or rank-2 analog V 

 
At the BS the estimated V was used to calculate the capacity.  
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Note that feeding back R provides more information than either analog V or quantized V (codebook) and is 
more optimal especially for MU-MIMO. 
 
The mapping to 6 tiles was identical to 802.16e for digital (codebook) or C802.16m-08372r2 for analog (R) The 
mapping of V is similar to R when rank-2 is considered (8 complex values) and is repeated twice in a tile when 
rank-1 is considered).  Note that we didn’t attempt here to optimize feedback overhead for V as it can easily be 
shown that 3 and 5 complex values are required for rank-1 and rank-2 respectively. 
 
The mapping to 3, 2 or 1 tile basically used the same mapping as 6 tiles but receiver integration was done over 
3, 2 or 1 tile.  
 
It can be clearly seen that every form of analog feedback is superior to 6 bit codebook in every form of capacity 
metric. It is also clear that 1 tile using the 802.16e mapping can’t be used for codebook feedback (it is not easy 
to transmit reliably 6 bits over 8 subcarriers!). 
The cliff effect of digital transmission can be clearly seen from the outage plots. 
 
Note also that feeding back the codebook information via encoded rate ½ QPSK message is less reliable than 
feeding it over 2 tiles based on our simulations.  
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3. Recommendation 
 
We therefore recommend adding analog feedback to the DL MIMO SDD as specified in C80216m-DL_MIMO-
08_008r2_Analog_Feedback 
 


