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1 Introduction
The RS-SINR measurements have been discussed in RAN4 for a few meetings and the core and performance requirements are settled for RS-SINR measurements in 3GPP release-13. The discussions for the RRM requirements are close to finalization and RAN4 should start to discuss the test cases for RS-SINR requirements.
In this paper, we provide the discussions on remaining issues on RS-SINR accuracy and test cases required for RS-SINR requirements.
2 Discussion
2.1 Remaining issues on RS-SINR requirements
In last RAN4 meeting, only the following cases are introduced for RS-SINR accuracy requirements in TS 36.133 [1]:
· Intra-frequency RS-SINR absolute accuracy

· Inter-frequency RS-SINR absolute accuracy

· Inter-frequency RS-SINR relative accuracy

However, the intra-frequency RS-SINR relative accuracy has not been defined yet.

Proposal 1: The relative accuracy requirement for intra-frequency RS-SINR in section 9 need to be defined.

Even the RS-SINR accuracy requirements have been introduced in TS 36.133, the value of RS-SINR accuracies has not been defined yet. In section 9 of TS 36.133, only two side conditions are defined for RS-SINR accuracy requirements:
· Ês/Iot ( -3 dB
· Ês/Iot ( -6 dB
Based on the simulation results of RS-SINR measurements provided in [2], considering the margins, the following are proposed.
Proposal 2: The RS-SINR measurement requirements could be defined as:

	RRM Measurements 
	Requirements 
	Side Condition (CRS Es/Iot)

	RS-SINR absolute accuracy
	(3 dB
	(-3 dB

	
	(4 dB
	(-6 dB

	RS-SINR relative accuracy
	(3 dB
	(-3 dB

	
	(4 dB
	(-6 dB


Assuming that 
[image: image1.wmf]total

P

 is the total received power (power normalized to the subcarrier spacing) for CRS-REs, which includes signal and interference, as measured at the UE antenna connector. 
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 is assumed as the actual received signal power (power normalized to the subcarrier spacing) for CRS-REs. 
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 is assumed as the actual received power of the total noise and interference (power normalized to the subcarrier spacing) for CRS-REs. Then, the 
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The measured signal power and measured interference power are described as 
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Where 
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 are the measured error for signal power and interference power respectively. The total received power 
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Based on the equations (1)-(3), it can be deduced that:
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The estimated SINR and the ideal SINR over CRS-REs are described as 
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The measurement error of SINR is the difference between estimated SINR and ideal SINR. From the equations above it follows that the measurement error of SINR is given by:
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Using  
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as inputs, the measurement error of SINR can be calculated using (6):
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Using  
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as inputs, the measurement error of SINR can be calculated using (6):
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Meanwhile the measurement error of RSRP can be calculated as:
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From the derivations above it can be observed that the SINR measurement error at high SINR level is much larger than the error at low SINR level even with the same RSRP measurement error. If the RS-SINR accuracy requirements with a side condition of low SINR level were applied for high SINR level, it requires UE with an extremely high RSRP measurement accuracy for high SINR level (e.g., ≤0.004dB), which does not consistent with the definition of RSRP accuracy requirements in TS 36.133. 
Proposal 3: The RS-SINR measurement requirements with the side condition of low SINR level is proposed not to be applied for the side condition of extremely high SINR level (e.g., SINR≥30dB).
2.2 RS-SINR test cases
There are two branches of RRM requirements are impacted by introducing RS-SINR measurements as below:

· Measurement requirements (section 8)
An LS [3] from RAN2 was sent to inform RAN4 of the agreements on RS-SINR measurements. Some of the agreements are described as follow:

· SINR measurements should be generic for any RRM decision such as inter-frequency load balancing and HO decisions.

· Current measurement framework is reused for SINR measurements

· Current events for RSRP/RSRQ measurements are reused. SINR measurements can be configured for all events A1-A6. Event B1 is excluded and event B2 is FFS.

· A new trigger quantity and a threshold are introduced to trigger the measurement report based on SINR measurements.

· For reporting, network can control if UE includes all measurement results (RSRP, RSRQ, SINR), or RSRP+SINR measurements or RSRQ+SINR measurements

The current measurement framework is reused for RS-SINR measurements, so the legacy cell identification delay and measurement reporting delay requirements should be kept. Moreover, there is no new event defined for RS-SINR measurements. Thus new test cases for reporting delay will not be needed.
Proposal 4: No test cases of intra-frequency and inter-frequency measurements in section A.8 need to be added for RS-SINR.

· Accuracy requirements (section 9)
RS-SINR measured over CRS-REs is introduced as a new measurement quantity for the purpose of better predicting the achievable user throughput in the neighbour cells. Since the RS-SINR accuracy requirements have been for both intra-frequency and inter-frequency cases in TS 36.133, a number of test cases shall be defined so that the RS-SINR accuracies can be verified.
Proposal 5: New test cases of measurements accuracy in section A.9 need to be added for RS-SINR, which are proposed as follows:

· RS-SINR accuracy for FDD intra-frequency case
· RS-SINR accuracy for TDD intra-frequency case
· RS-SINR accuracy for FDD- FDD inter-frequency case

· RS-SINR accuracy for TDD- TDD inter-frequency case
· RS-SINR accuracy for FDD- TDD inter-frequency case
Because the measurement delay requirements can be reused, only the accuracy requirements should be verified for RS-SINR measurement. In the following the key parameters for RS-SINR testing are discussed.

The tests are defined so that the above RS-SINR accuracies are tested in wide range of side conditions. As current measurement framework and measurements period of RSRP/RSRQ are reused for RS-SINR, the same tests scenario can be redefined for RS-SINR measurements. 
As the side conditions for RS-SINR accuracy requirements are mostly same as for current RSRQ accuracy requirements in section 9, the same tests scenario can be redefined for RS-SINR measurements. Hence, most parameters in current RSRQ accuracy test cases are proposed to be reused for RS-SINR accuracy test cases except RS-SINR levels.
RS-SINR Calculations:

According to [4], RS-SINR is defined as:

Reference signal-signal to noise and interference ratio (RS-SINR), is defined as the linear average over the power contribution (in [W]) of the resource elements carrying cell-specific reference signals divided by the linear average of the noise and interference power contribution (in [W]) over the resource elements carrying cell-specific reference signals within the same frequency bandwidth. 

Based on the definition, RS-SINR can be derived from RSRP and noise power as follows,
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Where, RSRPcell,i and RSRPcell,j are the RS received power for the measured cell and neighbour cell respectively, and Noc is the noise average power as measured at the UE antenna connector. In (1) the measured CRS-REs shall be the same for RSRP and Noc.
The scenarios used for these tests are based on constant EPRE all over the DL system BW, i.e., there is no boosting of reference symbols or particular channels. Since there is no boosting of reference signals, it follows that:
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Here 
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 is the signal energy per RE for the ith intra-frequency cell. Then 
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is the geometry factor for the ith intra-frequency cell. From the derivations above it follows that the ideal value of RS-SINR for the ith intra-frequency cell is given by:
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The quality of the RS-SINR estimate is UE implementation specific, and this is accounted for by tolerances in the requirements.
Based on the above analysis, the following is proposed:
Proposal 6: For the key parameters in RS-SINR measurements accuracy test cases, it is proposed:
· Most parameters in current RSRQ accuracy test can be reused for RS-SINR accuracy test cases except RS-SINR levels.
· The value of RS-SINR used in RS-SINR accuracy test cases can be derived from the geometry factors as follows:

[image: image32.wmf],

,

,

ˆ

-

ˆ

1

Sioc

celli

Sjoc

j

EN

RSSINR

EN

=

+

å


3 Conclusion

In this contribution, we give the discussion on remaining issues for RS-SINR accuracy and the preliminary consideration on the RRM test cases list for RS-SINR measurements. Based on the discussion, the followings are proposed:
Proposal 1: The relative accuracy requirement for intra-frequency RS-SINR in section 9 need to be defined.

Proposal 2: The RS-SINR measurement requirements could be defined as:

	RRM Measurements 
	Requirements 
	Side Condition (CRS Es/Iot)

	RS-SINR absolute accuracy
	(3 dB
	(-3 dB

	
	(4 dB
	(-6 dB

	RS-SINR relative accuracy
	(3 dB
	(-3 dB

	
	(4 dB
	(-6 dB


Proposal 3: The RS-SINR measurement requirements with the side condition of low SINR level is proposed not to be applied for the side condition of extremely high SINR level (e.g., SINR≥30dB).

Proposal 4: No additional test cases of intra-frequency and inter-frequency measurements in section A.8 need to be added for RS-SINR.

Proposal 5: New test cases of measurements accuracy in section A.9 need to be added for RS-SINR, which are proposed as follows:

· RS-SINR accuracy for FDD intra-frequency case
· RS-SINR accuracy for TDD intra-frequency case
· RS-SINR accuracy for FDD- FDD inter-frequency case

· RS-SINR accuracy for TDD- TDD inter-frequency case
· RS-SINR accuracy for FDD- TDD inter-frequency case
Proposal 6: For the key parameters in RS-SINR measurements accuracy test cases, it is proposed:
· Most parameters in current RSRQ accuracy test can be reused for RS-SINR accuracy test cases except RS-SINR levels.
· The value of RS-SINR used in RS-SINR accuracy test cases can be derived from the geometry factors as follows:
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5 Annex

Table A1: SINR accuracy with 6 RBs measurement BW (Unit: dB)

	Channel
	SNR(dB)
	5%
	50%
	95%

	AWGN
	-6
	-0.56
	0.64
	1.82

	
	-3
	-0.38
	0.42
	1.27

	
	0
	-0.27
	0.32
	0.94

	EPA5
	-6
	-1.19
	0.25
	1.62

	
	-3
	-0.85
	0.16
	1.15

	
	0
	-0.67
	0.09
	0.85

	ETU30
	-6
	-2.08
	-0.44
	0.96

	
	-3
	-1.81
	-0.69
	0.31

	
	0
	-1.96
	-1.01
	-0.21


Table A2: SINR accuracy with 50 RBs measurement BW (Unit: dB)

	Channel
	SNR(dB)
	5%
	50%
	95%

	AWGN
	-6
	-0.24
	0.18
	0.62

	
	-3
	-0.15
	0.13
	0.42

	
	0
	-0.11
	0.09
	0.30

	EPA5
	-6
	-0.46
	0.04
	0.51

	
	-3
	-0.32
	0.01
	0.35

	
	0
	-0.24
	0.01
	0.28

	ETU30
	-6
	-1.28
	-0.69
	-0.16

	
	-3
	-1.34
	-0.86
	-0.42

	
	0
	-1.62
	-1.13
	-0.68
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