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1
Introduction
During RAN 1#76bis, it has been agreed that discovery reference signal consist of PSS/SSS and either CRS and or CSI-RS. In this contribution, we present simulation results in order to determine more suitable option between CRS and CSI-RS. We show the simulations results obtained during Rel-11 standardization that compare measurement accuracy of CRS vs. CRS-RS. The SNIR values we consider are realistic values for typical network deployments. 
2
CRS vs CRS-RS measurement accuracy
It has been argued during RAN 1#76bis and before that CSI-RS can be used for RRM measurements. Note that CSI-RS measurement accuracy has been studied extensively during Rel-11, see [1]

 REF _Ref346098137 \r \h 
[2]

 REF _Ref346098141 \r \h 
[3]. In this contribution, we show results obtained during Rel-11 standardization that evaluate measurement accuracy of the two reference signals from [3] in Figure 1, Figure 2, Figure 3 and Figure 4. 

2.2.1 CSI-RS measurement accuracy 

The results from Figure 1 and  Figure 2 summarize CSI-RS RRM measurement accuracy results from multiple companies when SNR =-6 dB for the measurement period of 200ms and 400 ms respectively. The results from Figure 3 and Figure 4 summarize CSI-RS RRM measurement accuracy results from multiple companies when SNR =-6 dB for the measurement period of 200ms and 400 ms respectively. As it has already been discussed in [1], in case of SNR =-6 dB (Figure 1 and  Figure 2) for the EPA5 channel, 9 out of 10 company results fail the RAN 4 requirement [4] for 200ms measurement period and 7 out of 10 company results fail for 400ms period. In case of SNR =-3 dB (Figure 3 and Figure 4) for the EPA5 channel, 9 out of 10 company results fail RAN 4 requirement [4] for 200ms measurement period and 8 out of 10 company results fail for 400ms period. The RAN 4 requirements are defined as:

· At SNR=-3dB, 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

· At 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.  
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Figure 1 RSRP error with 200ms measurement period, SNR=-6dB
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Figure 2  RSRP error with 400ms measurement period, SNR=-6dB

[image: image3.emf]-3.00

-2.00

-1.00

0.00

1.00

2.00

3.00

4.00

5.00

6.00

7.00

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

Values (dB)

AWGN, EPA5, ETU70

SNR = -3dB 200ms measurement period

Samsung

Renesas

Huawei

LG

Intel

E/// / ST-E

Qualcomm

NSN/Nokia

CATT

ZTE


Figure 3 RSRP error with 200ms measurement period, SNR=-3dB
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Figure 4 RSRP error with 400ms measurement period, SNR=-3dB

Based on the presented simulation results we conclude that CRS-RS does not provide sufficient measurement accuracy to be suitable for RRM RSRP measurements. Note that CSI-RS is expected to be transmitted to transmit less often in cell “off” state and presented measurement accuracy results represent an upper bound on performance. 
2.2.2 Comparison of CSI-RS and CRS measurement accuracy

In this section we illustrate how CRS based RRM measurements compare to CSI-RS based measurements.  We summarize the simulation results presented in [2] based on the scenarios agreed in RAN4 and simulation assumptions agreed in [5]. 

The sampling periodicity for the reference signals is assumed to be 40ms for all reporting periods, which is probably optimistic for discovery signal.  For each measurement occasion an RSRP value is generated and the final value to be reported is the average of all these measurements within a measurement period (e.g. for 200ms measurement period the reported value is the average of the 5 samples collected).  Noise is estimated separately for each measurement occasion without any further noise averaging across multiple subframes.

It should be noted that CRS contains 8 times more REs than CSI-RS for each of the subframe and hence, much better noise estimation accuracy is expected. Based on the results in Figure 5- Figure 10 it can be concluded that higher SNR leads to a reduction in CSI-RS measurement bias (from about 4dB for -6dB SNR to 2dB for -3dB SNR) and measurement variance. Longer measurement periods lead to an improvement in the measurement variance; however, the bias is not improved because the noise estimation is performed independently for each measurement occasion. The worst case measurement accuracy is observed in the case of the ETU channel with a 5%-ile ~95%-ile accuracy of 1dB~8.5dB for the 200ms measurement period.
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Figure 5: Results for AWGN with -3dB SNR 
[image: image6.png]Probability

08

06

04

02

6 RBs, -6dB SNR, AWGN, 200 ms

CSI-RS Report 200ms ————
CRS Report 200ms  ————
CSI-RS Report 400ms ———
CRS Report 400ms ————
CSI-RS Report 800ms
CRS Report EOQHS —

2

2

RSRP Frrorin dB

4

6





Figure 6: Results for AWGN with -6dB SNR
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Figure 7: Results for EPA with -3dB SNR
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Figure 8: Results for EPA with -6dB SNR
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Figure 9: Results for ETU with -3dB SNR
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Figure 10: Results for ETU with -6dB SNR
The simulations 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) our proposal is that CRS is used for RRM RSRP measurements when cell on/off feature is enabled.

Proposal 1: Discovery signal is based on PSS/SSS/CRS.   
3
Conclusions 
In this contribution, we reviewed measurement accuracy of CSI-RS based RSRP measurements and compared it to CRS based measurements and concluded that CRS should be used for RRM RSRP measurements when cell on/off feature is enabled.  

Proposal 1: Discovery signal is based on PSS/SSS/CRS.   
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