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1. Purpose
Physical CINR (PCINR) is one possible mechanism that the standard provides for the MS to report its    

CINR and help the BS to perform link adaptation as well as interference measurement. PCINR is 

reported to the Base Station (BS) using (6 bit) CQI reports. The report type depends on the MIMO mode 

as well as on the receiver type (e.g. MMSE, MLD, etc.) the MS receiver uses. Currently Physical CINR computations for DL-MIMO PUSC zones are defined in the standard might be ambiguous and these definitions require clarifications and corrections. For example, currently the standard does not define the required metrics for MIMO matrix A. These additions and clarifications are mainly required for interoperability purposes.  
2. Discussion

2.1. PCINR Considerations & Motivation

PCINR reports might be required by the BS for different tasks such as link adaptation (LA), interference measurement and zone selection. PCINR reports can also help the BS to perform power boosting to a specific MS or to a group of MSs.  MSs can express their quality by reporting to their serving BS their computed post-processing PCINR. Using this report the BS can allocate higher MCSs to a "smart" MS.  
2.2. PCINR  per tone definitions
Currently PCINR reports for DL-MIMO PUSC zone are defined in the standard in section 8.4.5.4.10.1.  In this section the standard defines post-processing DL-MIMO PCINR reports.  However STC zone can be transmitted by the BS with either matrix A (Alamouti scheme) or matrix B and thus both matrix A and matrix B definitions should be incorporated. Moreover, for Matrix B the MS receiver can implement a variety of receivers and exact definitions should be given. For example there will be two different PCINR metrics for an MS that employ either MMSE or MLD receivers. Currently, Eq. 62 in [1] defines the average CINR based on mutual information metric (given MIMO channel H knowledge) according to:
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Moreover, section 8.4.5.4.10.1. states that "MIMO capable MSs shall measure post-processing CINR for each individual layer as shown in figure 232". However, the definition in (62) is ambiguous and the following clarifications are needed in order to make this mechanism viable. The required definitions are as follows:
1.  PCINR measurements are done per tone and reflect the CINR on the data sub-carriers. Thus equation 62   

     should be written in the following way:
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    (62')
     Where k denotes a sub-carrier index. Thus, section 8.4.5.4.10.1 actually defines mutual information per tone 

      and average CINR per tone. As a consequence all averaging is done over these mutual information 

      quantities

2.   The final PCINR value reported over the CQI channel is done after frequency domain averaging over all 

      the per-tone computed mutual information. 

3.  Section 8.4.5.4.10.1 does not define the post-processing PCINR for Matrix A and it should be defined for the 

     sake of completeness and interoperability.
     In the following, definitions for PCINR reports for matrix A and matrix B are given depending on the    

     receiver type the MS employs. We start by defining the per tone post processing CINR metrics and then  

     define the method for frequency domain averaging that produce the final PCINR value reported over the 

      particular CQICH channel.   
2.2.1 Matrix A Average CINR report

    The per-tone Avg_CINR can be calculated from equation (62')
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     where the mutual information conditioned on the receiver knowledge of the channel state information for 

     matrix A is given by: 
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     Where 
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 denote the MIMO channel matrix on the k-th tone, the covariance matrix of the 

     noise+interference and the variance of noise plus interference averaged across the MS receive antennas as 

     seen on the k-th tone. We note that the dimensions of 
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Thus, the per-tone Avg_CINR metric to be used for Matrix A is given by 
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2.2.2. Matrix B Average CINR report 
Currently the standard defines the PCINR metrics for this case however it requires some clarifications and thus we repeat the definitions for the sake of completeness with the interpretation that the appeared equations are defined per tone.  In the case of Matrix B, the reported metric depends on the MS's receiver type. For ML receiver, the mutual information (per tone) is defined as:
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For linear MMSE receiver type, the mutual information (per tone) is defined as:
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Where N is the number of spatial layers.       
2.3. PCINR Frequency Domain Averaging  
After that the per-tone metrics have been defined for both matrix A and matrix B, the frequency domain averaging over the allocated sub-carriers should be defined. In the case that the PCINR computation is done according to DL pilot sub-carriers only (as is defined and required in WiMaxForum system profile) then the averaging is performed over all active zone pilot sub-carriers.  The averaging is logarithmic and it gives a physical CINR number in [dB] to be reported over the 6-bit CQI channel.

For Matrix A PCINR logarithmic average over the sub-carriers is given by:
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Where 
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 is the MIMO channel matrix that corresponds to sub-carrier k in the n-th layer.  We note that in the last equality the 1 term was ignored.
We note here that for commonly used case of  2 x 2 MIMO channel matrix an analytic solution for the eigenvalues of this matrix assuming it has the general form
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 can be obtained directly from the formula: 
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For Matrix B the frequency domain averaging for an MS that employs ML receiver is given:
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Again we note that in the last equality the 1 term was ignored.

For the case of matrix B transmission and an MS that employs LMMSE receiver, the CINR per tone can be written as:
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and thus the averaged CINR over all allocated tones is given by:
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 and the averaged CINR in [dB] is given by:
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In the special case of matrix B vertical encoding transmission (N= 1), we get:
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These numbers are reported on the CQI channel as the post-processing CQI reports for the specific MS that was requested by the BS to report its CINR (according to its CQICH_ID).

2.4. Simulation Results
In the following system simulation results are given to demonstrate how PCINR reports can aid the BS scheduler in performing LA and scheduling.  The system simulation parameters are:
· MS implementation loss – 2[dB]. 

· MS array spacing – 0.5[lambda].

· MS NF = 6[dB].

· MS antenna type – ULA OMNI

· BS antenna height = 32[m].

· BS power per antenna = 37[dBm].

· Reuse 1 scheme

· Cell size – 500[m]

· 3 sectors per BS

· FFT size – 1024

· Channel BW – 10[MHz].

· # of antennas at BS – 2

· BS array spacing – 10[lambda]

· Interference scheme – Reuse 1 full loading

· MIMO mode – Matrix A or Matrix B per simulation.

      The simulation assumptions are:

· CQI & Scheduling delays are not accounted.    
· CQI report quantizations are neglected.

All simulations are done under HARQ in the down-link where the number of retransmissions is 1 (i.e., low-latency case). The simulated channel in all cases is 2 X 2 MIMO channel. Scheduling effects are not taken into account in this simulation. Also CQI reports quantization effects and delay are not considered. 
Simulation Example # 1
In this simulation example the BS transmits Matrix A in the STC zone and the chosen rate (in bits/symbol) is plotted against the reported CQI channel value.
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Figure 1: Rate vs. CQI for matrix A using matrix A PCINR reports.
Simulation Example #2

In this simulation example the BS transmits matrix B in the STC zone and the chosen rate (in bits/symbol) is plotted against the reported CQI value
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Figure 2: Rate vs. CQI for matrix B LMMSE receiver type using matrix B PCINR reports.

3. Required Text Changes
1. Below figure 223 change the text as follows: " For a vertically encoded MIMO system, the averaged CINR is defined per tone k (
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where k denotes a sub-carrier index, 
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 is the per-tone receiver-constrained mutual information conditioned on knowing the MIMO channel knowledge on tone k. Note that 
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 is the transmitted signal, 
[image: image31.wmf]k

y

 is the post-processing received signal and 
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 is the MIMO channel matrix on tone k that defines the channel matrix between Rx and Tx antennas. For an LMMSE receiver used in MIMO matrix B reception, the individual post-detector-processing signal-to-noise ratios are given as 
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 as shown in Figure 233 and in equation (63). For an LMMSE MIMO matrix B receiver the per tone mutual information is given by: 
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 [Nats] (63)
where 
[image: image35.wmf]n
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 denotes the CINR per layer and per tone".

 2. Change equation 64 at p.768 as follows: " The average CINR per tone over the spatial layers is given by:
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 (64)
 3. Below equation (65) (p. 768) change the text as follows: For ML MIMO detectors in MIMO matrix B case, the per tone mutual information is given by,
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Where:
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  is an N by N identity matrix.
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 is the per-tone MIMO channel matrix.
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 is the per tone noise+interference correlation matrix with dimensions 
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is the number of receive antennas at the MS side.
N is the number of spatial layers.

4. After line 24 in p.768 add the following:
    "For MIMO matrix A the mutual information per tone is defined as:
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    where 
[image: image44.wmf]F
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 denotes the Frobenius norm of a matrix A."
5. After defining the mutual information for matrix A (in 3.), define the frequency domain averaging for either MIMO matrix B or MIMO matrix A as follows: " For the sake of reporting a single physical CINR value (in [dB]) over the allocated CQI channel, the frequency domain averaging over the per MS allocated tones (data+pilots) should be defined. In the case of matrix A reports the reported value is given by equation (68)
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where 
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 is the MIMO channel matrix at the k-th tone and the n-th layer and K defines the number of allocated sub-carriers for the said MS. 
In the case of  MIMO matrix B and ML receiver type the averaged report (in [dB]) is given by equation 69:
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When the averaging is done over the STC zone pilot sub-carriers, pilot boosting compensation should be employed since the pilots are boosted by 5.5[dB] over the data sub-carriers. The reported PCINR value should reflect the PCINR value over the data sub-carriers.
In the case of MIMO matrix B and LMMSE receiver type the averaged report (in [dB]) is given by equation 70:
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And in logarithmic units the averaged CINR is given by:
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