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1. Introduction
In Small Cell Enhancement (SCE) WI, the Rel. 12 discovery signal and procedure have extensively discussed in RAN1, and LSs were sent to other WGs to inform past RAN1 agreements and working assumptions [1-3].
Since RAN1 agreed that both CRS-based RSRP measurement and CSI-RS-based RSRP measurement are supported as DRS-based measurement, RAN4 should work on the measurement accuracy requirement for both measurements with considering the measurement bandwidth, periodicity and duration of a DRS occasion.
In this contribution, we present our views on RRM measurement accuracy requirements for small cell discovery. We also show our views on RRM core requirements for small cell discovery in our companion contribution [4].
2. Performance Evaluation on RSRP Measurement Accuracy
In this section, we provide some evaluation results on CRS-based and CSI-RS-based RSRP measurement. The RSRP estimation algorithm used in [5] and [6] is applied in the simulation. The detailed evaluation assumptions are given in Annex A. As shown in Fig. 1, we consider the number of antenna ports and the number of REs per PRB for CRS-based and CSI-RS-based RSRP measurement in addition to the measurement bandwidth and the number of averaging samples.
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Figure 1 – DRS configuration examples for RSRP measurement

The CDF curves of RSRP estimation error without averaging between subframes are shown in Fig. 2. The RSRP measurement accuracy of 1 port CSI-RS of 8 REs/PRB is almost the same as that of 1 port CRS since the RE density is the same, i.e., 8 REs/PRB. In addition, the RSRP measurement accuracy of 1 port CSI-RS of 2 REs/PRB with 25 RBs is comparable to that of 1 port CRS with 6 RB since the number of REs used for measurement is almost the same (50 vs 48). In cases of 2 port CRS/CSI-RS, the measurement accuracy of CRS is improved by increased RE density (16 REs/PRB) while the CSI-RS cannot achieve the same level of improvement.
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Figure 2 – CDF of RSRP estimation error (1 measurement sample)
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Figure 3 – CDF of RSRP estimation error (multiple measurement samples)

The CDF curves of RSRP estimation error with averaging between subframes are shown in Fig. 3. As the number of averaging samples increases, the measurement accuracy is improved. Since the wider measurement bandwidth can also improve the measurement accuracy, the RSRP measurement with wider bandwidth can reduce the required number of averaging samples to achieve the certain measurement accuracy. More detailed evaluation results are shown in Annex B.
According to the evaluation results, we could find the following observations.
Observation 1: The RSRP measurement accuracy performance is dependent on the number of REs used for the RSRP estimation, i.e., the number of REs per PRB, the measurement bandwidth and the number of measurement samples for averaging.

Observation 2: The CSI-RS-based RSRP measurement can achieve the comparable measurement accuracy performance with the CRS-based RSRP measurement when the number of REs used for the CSI-RS-based RSRP estimation within one measurement sample is equal to or larger than that for the CRS-based RSRP estimation.
· The accuracy of CSI-RS-based RSRP (2 REs/PRB) with 25 RBs is comparable to the accuracy of CRS-based RSRP with 6 RBs.

· The accuracy of CSI-RS-based RSRP (8 REs/PRB) is comparable to the accuracy of CRS-based RSRP.

3. Discussion on RRM Measurement Accuracy Requirements
As argued in the previous section, it is confirmed that the measurement accuracy performance is basically determined by how many REs used for the RSRP measurement, i.e., the number of REs per PRB, the measurement bandwidth and the number of averaging samples. The current measurement accuracy requirement was specified based on 1 port CRS, i.e., 8 REs/PRB, with 6 RBs measurement bandwidth and 5 measurement samples for averaging. So, even for CSI-RS based RSRP measurement, the current measurement accuracy requirement can be satisfied if the number of REs used for the CSI-RS based RSRP measurement is equal to or larger than that in legacy RSRP measurement. Since the periodicity of a DRS occasion would be long enough, e.g., 40/80/160 ms, the smaller number of measurement samples for averaging to satisfy the accuracy requirement is preferable. 
To wrap up, the current measurement accuracy requirement should be maintained to avoid the association with inappropriate cell or transmission point due to the inaccurate measurement report. Therefore, for CRS-based RSRP measurement in the small cell discovery procedure, the requirement on the maximum allowable measurement time should be determined according to the periodicity of the DRS occasion and possibly measurement bandwidth. For CSI-RS-based RSRP measurement in the small cell discovery procedure, we should consider following two possible approaches to satisfy the current measurement accuracy requirement, and the requirement on the maximum allowable measurement time should be determined as well as that for the CRS-based RSRP measurement.
· Alt. 1: The minimum measurement bandwidth restriction

· In this approach, the minimum measurement bandwidth for CSI-RS-based RSRP should be 5 MHz, i.e., 25 RBs, such that the number of REs used in one measurement sample is 50 REs that is larger than that in 1 port CRS with 6 RBs, i.e., 48 REs.
· Alt. 2: The CSI-RS configuration restriction

· In this approach, the CSI-RS configuration which occupies 8 REs/PRB should be utilized for the RSRP measurement of a certain cell or transmission point such that the number of REs used in one measurement sample is 48 REs in case of 6 RBs measurement bandwidth.

Considering the typical deployment scenario of small cells for the offloading purpose, the small cells would have the wide system bandwidth, e.g., over 5 MHz. Although the Alt. 1 means the restriction for the usage scenario of small cell discovery, i.e., only wide system bandwidth scenarios, it should not be a serious problem. In addition, in the Alt. 2, although the narrow system bandwidth scenario can be supported, the reuse factor of CSI-RS is limited to 5 due to the restriction of 8 REs/PRB. This means that one of the main benefits of CSI-RS is not obtained in such a case. Furthermore, since the wide measurement bandwidth provides the better measurement accuracy even with the less number of averaging samples, it is well-suited for the long periodicity of DRS occasion.
According to the above discussion, we propose the followings.

Proposal 1: The current measurement accuracy requirement should be maintained to avoid the association with inappropriate cell or transmission point due to the inaccurate measurement report.
Proposal 2: For the CSI-RS-based RSRP measurement, the minimum measurement bandwidth should be 5 MHz, i.e., 25 RBs, such that the number of REs used in one measurement sample is larger than that in 1-port CRS with 6 RBs.
4. Conclusion
In this contribution, we presented our views on RRM measurement accuracy requirements for Rel. 12 small cell discovery. Our observations and proposals are summarized below.
Observation 1: The RSRP measurement accuracy performance is dependent on the number of REs used for the RSRP estimation, i.e., the number of REs per PRB, the measurement bandwidth and the number of measurement samples for averaging.

Observation 2: The CSI-RS-based RSRP measurement can achieve the comparable measurement accuracy performance with the CRS-based RSRP measurement when the number of REs used for the CSI-RS-based RSRP estimation within one measurement sample is equal to or larger than that for the CRS-based RSRP estimation.

· The accuracy of CSI-RS-based RSRP (2 REs/PRB) with 25 RBs is comparable to the accuracy of CRS-based RSRP with 6 RBs.

· The accuracy of CSI-RS-based RSRP (8 REs/PRB) is comparable to the accuracy of CRS-based RSRP.

Proposal 1: The current measurement accuracy requirement should be maintained to avoid the association with inappropriate cell or transmission point due to the inaccurate measurement report.
Proposal 2: For the CSI-RS-based RSRP measurement, the minimum measurement bandwidth should be 5 MHz, i.e., 25 RBs, such that the number of REs used in one measurement sample is larger than that in 1-port CRS with 6 RBs.
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Annex A.  Parameters and Assumptions for Link Level Simulation on RSRP Measurement

Table AI gives the link level evaluation assumptions on the RSRP measurement [7].

Table AI. Link Level Evaluation Assumptions

	Parameters
	Values

	SNR
	-6 dB

	Measurement bandwidth
	{6, 25, 50} RBs

	Number of Tx antennas
	{1, 2}

	Number of Rx antennas
	2

	Number of measurement samples
	{1, 3, 5}

	Propagation conditions
	EPA 9.72 Hz

	Timing offset
	0

	Frequency offset
	+/- 350 Hz


Annex B.  Detailed Simulation Results

Table BI gives the link level evaluation results on the RSRP measurement accuracy.

Table BI. Link Level Evaluation Results
	Measurement bandwidth
	6 RBs
	25 RBs
	50 RBs

	RSRP estimation error [dB]
	5%
	95%
	5%
	95%
	5%
	95%

	1 port CRS
	1 sample
	-3.632
	4.144
	-2.641
	2.117
	-1.905
	1.595

	1 port CSIRS, 2 REs/PRB
	
	-4.412
	6.650
	-3.560
	3.504
	-3.042
	2.353

	1 port CSIRS, 8 REs/PRB
	
	-3.635
	4.502
	-2.576
	2.196
	-1.682
	1.342

	1 port CRS
	3 samples
	-1.966
	2.675
	-1.604
	1.232
	-1.202
	0.900

	1 port CSIRS, 2 REs/PRB
	
	-1.961
	4.724
	-1.950
	2.114
	-1.707
	1.416

	1 port CSIRS, 8 REs/PRB
	
	-2.007
	2.823
	-1.551
	1.297
	-1.054
	0.758

	1 port CRS
	5 samples
	-1.535
	2.165
	-1.330
	1.053
	-0.906
	0.708

	1 port CSIRS, 2 REs/PRB
	
	-1.059
	3.810
	-1.474
	1.758
	-1.363
	1.117

	1 port CSIRS, 8 REs/PRB
	
	-1.559
	2.214
	-1.198
	0.969
	-0.807
	0.568

	2 port CRS
	1 sample
	-2.075
	2.708
	-1.495
	1.460
	-1.143
	1.078

	2 port CSIRS, 2 REs/PRB
	
	-4.400
	5.215
	-3.569
	2.856
	-2.721
	2.085

	2 port CSIRS, 8 REs/PRB
	
	-3.812
	3.225
	-1.991
	1.678
	-1.367
	1.128

	2 port CRS
	3 samples
	-1.022
	1.680
	-0.827
	0.915
	-0.670
	0.641

	2 port CSIRS, 2 REs/PRB
	
	-1.918
	3.497
	-2.138
	1.739
	-1.530
	1.292

	2 port CSIRS, 8 REs/PRB
	
	-2.286
	1.917
	-1.231
	1.014
	-0.818
	0.685

	2 port CRS
	5 samples
	-0.650
	1.327
	-0.611
	0.729
	-0.479
	0.508

	2 port CSIRS, 2 REs/PRB
	
	-1.333
	2.987
	-1.791
	1.315
	-1.270
	0.981

	2 port CSIRS, 8 REs/PRB
	
	-1.693
	1.612
	-0.918
	0.785
	-0.639
	0.515
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