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1
Introduction
A new work item small cell enhancement for E-UTRA and E-UTRAN was approved in RAN#62 plenary. A new type of discovery reference signal was designed and introduced to facilitate TP identification and small on/off operation in RAN1. In RAN4#71 RRM AH, RSRP measurement accuracy for DRS were widely discussed. A simulation campaign for DRS based RSRP measurement accuracy was agreed in [1].
In this contribution, we provide initial evaluation results for DRS based RSRP measurement. 
2 Analysis 
2.1 CRS based RSRP measurement
2.1.1 Simulation assumption
The detailed simulation assumption was agreed in [1]. Furthermore, based on the observations from SLS evaluation for SINR distribution in [2], the SNR range = {-12,-10,-8,-6} dB was evaluated.
Several cases with the different combination of parameters as listed below were evaluated.
· SNR: {-12,-10,-8,-6}
· Fading channel:AWGN,EPA5Hz,ETU30Hz
· Measure period: i*160ms (i=1,3,5)
· DRS occasion:1SF (optional 3SFs,5 SFs were evaluated for AWGN channel)
2.1.2 Simulation results
The detailed simulation results with the 5-percentile, 50-percentile, 95-percentile performance and 90% RSRP accuracy were summarized in the annex.
Relationship of DRS periodicity and measurement period 
First of all, in order to evaluate the effect of DRS periodicity and measurement period, 90% RSRP accuracy for such cases were compared as summarized in table 1 below:
· Case1: Measurement Period 800ms with DRS periodicity 160ms (5 samples)
· Case2: Measurement Period 200ms with DRS periodicity 40ms (5 samples)
As summarized in Table 1 below, we can observe that absolute RSRP accuracy was strongly depending on the numbder of samples collected during measurment period. The RSRP measurement accuracy under case 1 is similar as case 2 since same samples were collected.
Observation: With same measurement samples, measurement period has no obvious effect on CRS based RSRP measurment accuracy
Table 1: 90% absolute RSRP accuracy with different measurement period
	SNR[dB]
	Case 1: Measurement Period 800ms with DRS periodicity 160ms
	Case 2: Measurement Period 200ms with DRS periodicity 40ms

	
	AWGN
	EPA5Hz
	ETU70Hz
	AWGN
	EPA5Hz
	ETU70Hz

	-12
	5.1
	4
	4.1
	5.1
	3.9
	4.1

	-10
	4
	2.9
	3.4
	4
	2.9
	3.4

	-8
	3.1
	1.9
	2.4
	3.1
	2
	2.5

	-6
	2.4
	1.3
	1.7
	2.4
	1.5
	1.8


Measurement Channel BW
Table 2 below summarized 90% RSRP accuracy with 6RB, 25RB and 50RB measurement bandwidths with 5 samples in 800ms measurement period. We observed that with improved measurement BW, RSRP measurement accuracy can be dramatically improved especial at low SNR region. 
Table 2: 90% absolute RSRP accuracy with different measurement bandwidths

	SNR[dB]
	Case 1: 6RB Measurement Period 800ms with DRS periodicity 160ms
	Case 2: 25RB Measurement Period 800ms with DRS periodicity 160ms
	Case 3: 50RB Measurement Period 800ms with DRS periodicity 160ms

	
	AWGN
	EPA5Hz
	ETU70Hz
	AWGN
	EPA5Hz
	ETU70Hz
	AWGN
	EPA5Hz
	ETU70Hz

	-12
	5.1
	4
	4.1
	3.1
	2
	2.5
	2.5
	2.2
	1.5

	-10
	4
	2.9
	3.4
	2.3
	1.4
	1.6
	1.8
	1.9
	1.1

	-8
	3.1
	1.9
	2.4
	1.7
	1
	1.2
	1.3
	1.6
	1

	-6
	2.4
	1.3
	1.7
	1.3
	0.7
	1
	0.9
	1.2
	0.9


Absolute RSRP accuracy comparison with legacy Rel.8 performance 
In order to ensure proper NW cooperation based reporting DRS based RSRP, DRS based on RSRP accuracy should be equivalent to legacy Rel.8 requirements. As analyzed above, measurement accuracy was strongly depending on number of samples within measurement period, SNR condition and measurement bandwidths. Based on the simulation results and summary, we can conclude that: 
· Under SNR -12 dB: In order to fulfill Rel.8 requirements, 50RB and 5 samples needed otherwise more samples with measurement period need to be considered i.e. increasing CRS SFs per DRS occasion, or extending measurement period.
· Under SNR -10dB: In order to fulfill Rel.8 requirements, with 25RB, 5 samples needed and for 50RB, 3 sample needed
· Under SNR -8 dB: In order to fulfill Rel.8 requirements, with 25RB, 3 samples needed and for 50RB, 1 sample needed
· Under SNR -6 dB: In order to fulfill Rel.8 requirements, N =5, 1,1 needed for measurement BW 6RB,25RB, 50RB separately

2.2 CSI-RS based RSRP measurement
2.2.1 Simulation assumption
The detailed simulation assumption was agreed in [1]. Furthermore, based on the observations from SLS evaluation for SINR distribution in [2], SINR was over 3dB for all the cases which is extremely high than SNR level in CRS REs due to CSI-RS muting gain. Such SNR range was evaluated in our simulation, it’s worth noting that simulation results for SNR less than 3dB was also supplied for information even they are not reasonable operating SNR points.
SNR = {-6,-3, 0, 3, 6} dB
Several cases with the combination of different options parameters as list below were evaluated.
· SNR = {-6,-3, 0, 3, 6} dB
· Fading channel:AWGN,EPA5Hz,ETU30Hz
· Measure period: i*160ms (i=1,3,5)
· DRS occasion:1SF(optional 3SFs,5 SFs)
· CSI-RS REs per RB per SF:2REs,4REs,8REs
2.2.2 Simulation results
Relationship of DRS periodicity and measurement period 
Similar as the comparison in last chapter for CRS RSRP measurement, we compared CSI-RS based on RSRP performance with different measurement period and DRS periodicity combination, but number of samples with these two configurations is the same as 5 samples per measurement period.
As show in table below, similar observations were observed for CSI-RS RSRP measurement:
Observation: With same measurement samples, measurement period has no obvious effect on CSI-RS based RSRP measurment accuracy 
Table 3: 90% absolute CSI-RS RSRP accuracy with different measurement period
	SNR[dB]
	Case 1: Measurement Period 800ms with DRS periodicity 160ms
	Case2: Measurement Period 200ms with DRS periodicity 40ms 

	
	AWGN
	EPA5Hz
	ETU70Hz
	AWGN
	EPA5Hz
	ETU70Hz

	-6
	3.8
	2.3
	3.7
	3.8
	2.5
	3.6

	-3
	2.8
	1.6
	2.5
	2.8
	1.7
	2.5

	0
	2
	1.1
	1.9
	2
	1.1
	2

	3
	1.4
	0.8
	1.7
	1.4
	0.8
	1.7

	6
	1
	0.5
	1.5
	1
	0.5
	1.5


Relationship of number of CSI-RS SFs per DRS occasion and number of CSI-RS REs per RB
As discussed in [3] and [4], multiple CSI-RS configurations and consistent transmission CSI-RS in multiple CSI-RS sub-frames can be configured for one DRS occasion to improve CSI-RS based RRM measurement accuracy. The key ideal of these methods was to improve available CSI-RS REs per DRS occasion in time domain or in frequency domain or both.
As summarized in below tables, CSI-RS RSRP measurement accuracy with different transmitted SFs and CSI-RS configurations options were evaluated: 

· Case1: 4REs per RB and 1SF per DRS occasion 
· Case2: 2REs per RB and 2SFs per DRS occasion
· Case3: 8REs per RB and 1SF per DRS occasion
· Case4: 4REs per RB and 2SFs per DRS occasion
Furthermore, 6RB measurement bandwidth and 200ms measurement period with 40ms DRS periodicity were used for this comparison.
As summarized in table 5 below, we can observe that absolute RSRP accuracy was strong depending on numbder of CSI-RS REs within one RB per DRS occasion. With the same desintiy of CSI-RS REs within one RB per DRS occasion, measuremnt accuracy under case 1 is simialr as case 2 and case 3 is similar case 4.
Observation: With same number of CSI-RS REs per DRS occasion, extending number of REs either in frequency domain by using multiple CSI-RS resources or in time domain with consistent CSI-RS SFs in DRS occasion or both have similar performance.
Table 4: 90% absolute RSRP accuracy with different configuration
	Channel
	AWGN
	EPA5Hz
	ETU70Hz
	AWGN
	EPA5Hz
	ETU70Hz

	SNR[dB]
	Case1: 4REs per RB and 1SF per DRS occasion
	Case2: 2REs per RB and 2SFs per DRS occasion

	-6
	4.6
	5
	4.2
	4.6
	4.9
	4.2

	-3
	3.4
	3.3
	3.7
	3.4
	3.2
	3.7

	0
	2.5
	2.2
	3.0
	2.5
	2.3
	3.1

	3
	1.8
	1.5
	2.7
	1.8
	1.5
	2.8

	6
	1.3
	1
	2.3
	1.3
	1.1
	2.5

	SNR[dB]
	Case3: 8REs per RB and 1SF per DRS occasion
	Case4: 4REs per RB and 2SF per DRS occasion

	-6
	3.9
	4.1
	4
	3.9
	4
	4

	-3
	2.9
	2.4
	3.3
	2.9
	2.6
	3.2

	0
	2.1
	1.7
	2.4
	2.1
	1.8
	2.7

	3
	1.5
	1.1
	2.1
	1.5
	1.1
	2.4

	6
	1.1
	0.7
	2.0
	1.1
	0.8
	2.3


Absolute RSRP accuracy comparison with legacy Rel.8 performance 
As analyzed above, measurement accuracy was strongly depending on number of samples within measurement period, SNR condition, measurement bandwidths and granularity of CSI-RS REs per DRS occasion (i.e. number of CSI-RS REs in one RB across one DRS occasion). 
Based on the simulation results and summary, we can conclude that: 
· Under legacy SNR condition (-6 dB): In order to fulfill Rel.8 requirements, 25RB and 3 samples needed with baseline 2RE granularity.
· Under typical SNR condition in SCE scenarios (above 3dB): In order to fulfill Rel.8 requirements, for 6RB, 3 samples needed with baseline 2RE granularity, for other measurement bandwidths i.e. 25RB and 50RB only 1 sample needed.
3 Conclusion
In this contribution, we supply initial simulation results and analysis for DRS based RRM measurements.
Firstly of all, for CRS based RSRP measurement, we have such observations:
Observation 1: With same measurement samples, measurement period has no obvious effect on CRS based RSRP measurment accuracy
Observation 2: With extending measurement bandwidth, CRS based RSRP measurment accuracy can be dramatically improved especial at low SNR region i.e. at SNR -12dB, CRS based RSRP accuracy with 25RB can be improved 2dB, performance under 50RB compared to 25 RBs have additional 0.5dB gain.
Observation 3: For CRS RSRP measurment accurcay, under typical SNR condition i.e. -12dB in SCE deployment scenario, it’s required to extend channel BWs (i.e. 50RB) and measurement period (i.e. N>5) in order to achive similar performance as Rel.8.
Secondly, for CSI-RS based RSRP measurement, we have such observations:
Observation 4: With same measurement samples, measurement period has no obvious effect on CSI-RS based RSRP measurment accuracy 
Observation 5: With same CSI-RS granularity( i.e. number of CSI-RS REs in one RB across all SFs in one DRS occasion), extending number of REs either in frequency domain by using multiple CSI-RS resources or in time domain with consistent CSI-RS SFs in DRS occasion or both have similar performance.
Observation 6: For CSI-RS RSRP measurement, at the typical SNR condition based SLS evaluation i.e. SNR 3dB, under 6RB, only 3 samples required to fulfil Rel.8 performance requirements, furthermore with extending CSI-RS granularity i.e. 8RE per DRS occasion, then even with 1 sample, CSI-RS RSRP can achieve similar performance as Rel.8 requirements.
Based on the observation and evaluation results, such proposals regarding DRS measurement were given:
Proposal 1: Introducing DRS related RRM measurement under typical side conditions (SINR level) which come from SLS evaluation based on typical SCE deployment scenarios i.e. for CRS RSRP SNR >=-12dB and for CSI-RS RSRP SNR>=3dB.
Proposal 2: In oder to improve CRS based RSRP measurment accuracy under low SNR condition i.e -12dB,-10dB, extending measurment bandwidth can be considered.
Proposal 3: Defing two sets of RSRP accuracy performance requirments with 6RB and 25RB.
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