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1
Introduction
At RAN1 #68, a working assumption was made regarding the introduction of CSI-RS-based RSRP measurements.  The agreement stated the following [1]: 
“The final decision as to whether to confirm or abandon the working assumption will be made by RAN1 depending on the feedback received from RAN4. RAN1 may also take into account other information.”

At the same meeting an LS [2] was agreed and sent to RAN4. 

To the current meeting, a response LS has been sent by RAN4 in [3].  In this contribution, we discuss the conclusions that can be drawn from the RAN4 response and make recommendations on the handling of the CSI-RS based CoMP Resource Management Set related RSRP measurements. 
2
Discussion
The response LS [3] that was received from RAN4 included the following results shown in Figures 1 and 2 below. 

[image: image1.emf]-6.00

-4.00

-2.00

0.00

2.00

4.00

6.00

8.00

10.00

5% 95% median 5% 95% median 5% 95% median

Values (dB)

AWGN, EPA5, ETU70

SNR = -6dB 200ms measurement period

Samsung

Renesas

Huawei

LG

Intel

E///-ST-E

Qualcomm

Nokia/NSN

CATT

ZTE


Figure 1 RSRP error with 200ms measurement period, SNR=-6dB
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Figure 2  RSRP error with 400ms measurement period, SNR=-6dB
Note that the allowed measurement error is ±3dB with 10% confidence [4], which can be approximated by a boundary of +3dB at the 95%-ile and -3dB at the 5%-ile CDF points.  


The response LS [3] that was received from RAN4 further included the following results for DNR=-3dB shown in Figures 3 and 4 below. 
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Figure 3 RSRP error with 200ms measurement period, SNR=-3dB
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Figure 4 RSRP error with 400ms measurement period, SNR=-3dB

Note that for SNR=-3dB, the allowed measurement error is ±2dB with 10% confidence [4], which can be approximated by a boundary of +2dB at the 95%-ile and -2dB at the 5%-ile CDF points.  


Note also that the results do not include any customary impairments and implementation margins. 
We also note that in the presented results, there is not a sufficient alignment usually needed for requirement definition.  
2.1
Further discussion of CSI-RS based RSRP measurement accuracy

The RRM and/or CoMP Resource Management Set (CRMS) measurements errors are the derivatives of various underlying statistics, examples of which are given in Table 1 below. 

	Error source
	Description
	Mitigation methods

	Insufficient diversity
	The desired measured value is an average power but the UE measures instantaneous value(s), not necessarily representing the average well
	The UE has to take at least two samples in a 200ms measurement period. Typical assumption is to take up to five samples

	Measurement noise
	Measurement is altered by noise + interference, especially in low SNR conditions
	Use processing gain, average coherently and/or non-coherently

	Insufficient noise measurement accuracy
	With finite coherent processing gain, the UE measures power of signal + residual interference biasing the measurement
	The UE may have an estimate of the noise power subtracted from the measurement in order to remove the bias


Table 1  Example RSRP Measurement Error Sources

The main reason of the high inaccuracies observed is the difficulty of calculating and removing the noise bias, related to the second and third rows in Table 1.  This aspect will be further discussed in this section.  
With some simplification, we can determine the estimated RSRP, 
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where 
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 is the received signal in the  ith  CSI-RS resource element.  
Note that 
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 is after de-spreading the CDM’d RE pair carrying the CSI-RS and that the de-spreading does not improve the SNR. 

Since 
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 includes both the signal and interference, the estimated RSRP is the sum of the true RSRP and a bias term
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Where 
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 represents noise plus interference and 
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 is a coherent processing gain.  The second term in the above equation represents a measurement bias. 
The processing gain 
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 is limited by the fact that coherent averaging cannot be performed across CSI-RS occurrences in time or across more than a few RBs in frequency.  At -6dB SNR, 
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 is 6dB above 
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 and with limited processing gain, it remains a significant source of measurement degradation. 

We note also the following: 
In order to reduce the RSRP measurement error due to the noise bias, 
A way to reduce measurement bias is to estimate the noise and subtract the corresponding bias from the raw measurement result. This; however, is made fundamentally difficult by the fact that there are very few measurement samples from which to derive the noise estimate.  For example, in the scenarios of the RAN4 simulations, the number of useful samples is limited to 6, making any noise estimation very error prone.  Some ‘genie-aided’ bias removal may work well at low SNR but would actually increase bias at high SNR and vice versa. 
2.1.1
Comparison of CSI and RSRP measurements
It was mentioned in previous discussions that CSI-RS based RSRP accuracy could be expected to be sufficient because CSI-RS based CSI measurement can be readily performed. This argument; however, overlooks the following points: 

· CQI bias due to the effect of noise is recovered by HARQ, therefore it does not exhibit direct performance degradation in FRC of AMC simulation results

· In RAN4, the absolute CQI values are not tested in negative SNR conditions 

· Measurement biases do not affect PMI calculation

Because of the above, we do not believe that we can draw any conclusions based on the use of CSI-RS for CSI regarding the usefulness of CSI-RS based RSRP measurement result. 
2.2
Proposed way forward

Since the RAN4 results indicate that the CSI-RS based RSRP measurement quality is sub-par compared to the CRS based measurement quality (as anyhow could have been expected), we now have to reconsider the RAN1 options as per the agreement at RAN1 #68.  
We can make the following observations and recommendations: 

3
Conclusions 
In this contribution, we discussed aspects of the CSI-RS based RSRP measurements for CoMP resource management. The following proposals were made:  

References
[1] “Chairman's Notes RAN1#68 - final”, February 10, 2012
[2] R1-120929, “LS on CSI-RS based measurement for CoMP”, RAN1
[3] R4-63AH-0201, “Draft LS response on CSI-RS based measurement for CoMP”, RAN4
[4] TS36.133 v11.1.0

[5] R1-123689, “CSI-RS-based RSRP link level results”, Qualcomm Inc. 

Appendix
In Figure 5, we show the noise estimation performance comparison between CRS and CSI-RS based measurements [5].  The ‘6 samples’ corresponds to CSI-RS, while the ‘48 samples’ case corresponds to CRS based measurements. 
As it was discussed before, even though the estimated noise is not a reported parameter, the noise estimation performance directly influences the capability of removing RSRP measurement bias induced by noise. The reduced noise estimation accuracy with CSI-RS based measurement negatively impacts the achievable measurement accuracy.  
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Figure 5    Noise estimation performance comparison
We can observe based on Figures 1 and 2 that for the EPA5 channel, 9 out of 10 company results fail the requirement for 200ms measurement period and 7 out of 10 company results fail for 400ms period.





We can observe based on Figures 3 and 4 that for the EPA5 channel, 9 out of 10 company results fail the requirement for 200ms measurement period and 8 out of 10 company results fail for 400ms period.  





Increasing RSRP measurement period has only a limited capability of reducing the RSRP measurement bias, as it can be observed in the limited gains seen between Figure 1 and Figure 2. 





The CSI-RS based RSRP measurement will result in inappropriate CoMP measurement set determination with noticeable probability. 


It is expected that the above will reduce CoMP gains, to a TBD extent.  It is unlikely that the full impact on CoMP gain can be evaluated in the limited time available in Rel-11.  Therefore, we recommend CSI-RS based RSRP measurements should not be adopted in Rel-11.   








The RAN4 LS indicated that the Rel-8 level RSRP accuracy cannot be met with CSI-RS based measurements, according to 9 out of 10 company results.  


Therefore the CSI-RS based RSRP measurement will result in inappropriate CoMP measurement set determination with non-negligible probability. 


It is expected that the above will reduce CoMP gains, to a TBD extent.  It is unlikely that the full impact on CoMP gain can be evaluated in the limited time available in Rel-11.  Therefore, we recommend CSI-RS based RSRP measurements should not be adopted in Rel-11.   
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