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1. Introduction
At the RAN1#76bis meeting, discovery reference signal (DRS) designs for the Rel. 12 discovery procedure were discussed, and further down selection of the DRS candidates will be discussed at the RAN1#77 meeting as indicated below [1]. 

· A DRS comprises following signals
· Both PSS and SSS are transmitted

· Additional reference signal(s) include CRS and/or CSI-RS
· FFS: Changing mapping of PSS/SSS, CRS, CSI-RS
· Further down select of following alternatives of DRS in RAN1 #77 meeting

· Alt. 1: DRS is PSS/SSS/CSI-RS/CRS or PSS/SSS/CRS with configurable

· Alt. 3a: DRS is PSS/SSS/CRS

· Alt. 3b: DRS is PSS/SSS/CSI-RS

· Alt. 5: DRS is PSS/SSS/CSI-RS/CRS or PSS/SSS/CSI-RS with configurable
In this contribution, we evaluate the performance of cell/TP identification and RSRP measurement when assuming each candidate DRS design. 
According to the evaluation results and corresponding discussions, we present our views on the discovery signal design for the Rel. 12 discovery procedure in our companion contribution [2].
2. Candidate DRS Designs and Corresponding Procedures
According to the above agreements, we evaluate the following possible procedures shown in Table I. Cases 1a and 1b are possible procedures when the DRS is PSS/SSS/CRS. On the other hand, cases 2a and 2b assume that the DRS is PSS/SSS/CSI-RS. In case 1a, the UE performs PSS/SSS-based coarse time/frequency synchronization and cell/TP identification followed by CRS-based RSRP measurement as in the legacy procedure. In case 2a, the CSI-RS is used for RSRP measurement instead of the CRS. In cases 1b and 2b, PSS/SSS are used only for synchronization to a certain cell/TP, e.g., the best RSRP cell/TP for the UE [3]. Since synchronized DRS transmission within a cluster is assumed, timing and frequency synchronization to a certain cell/TP can be reused for other cells/TPs within the same cluster. To avoid utilizing the wrong reference synchronization to the cell/TP identification and RSRP measurement procedures, the timing and frequency synchronization derived by the PSS/SSS are verified. Then, CRS-based or CSI-RS-based cell/TP identification, and RSRP measurement are performed. In our previous contribution [4], we confirmed that coarse time/frequency synchronization based on PSS/SSS can work well in a SCE scenario.
Table I. Possible DRS-Based Measurement Procedures

	
	Coarse time/frequency synchronization
	Cell/TP identification
	RSRP measurement

	Case 1a
	PSS/SSS
	PSS/SSS
	CRS

	Case 1b
	PSS/SSS
	CRS
	CRS

	Case 2a
	PSS/SSS
	PSS/SSS
	CSI-RS

	Case 2b
	PSS/SSS
	CSI-RS
	CSI-RS


3. Performance Evaluation in SCE Scenario
3.1.
Cell/TP identification performance
According to the evaluation assumptions described in Annex A, the detection probability performance for target detectable cells/TPs is evaluated. Evaluation results are shown in Fig. 1. As we have confirmed so far, the CSI-RS based cell/TP identification (case 2b) exhibits the best performance in all bandwidth cases thanks to the highest reuse factor. The CRS-based mechanism (case 1b) also exhibits good performance when PDSCH muting is applied. For both the CSI-RS and CRS, a larger number of resource blocks (RBs) for the measurement can provide a higher processing gain to improve performance. On the other hand, the PSS/SSS based cell/TP identification (cases 1a and 2a) without interference cancellation (IC) seems insufficient even for the detection of the second best RSRP cell/TP. PSS/SSS-IC can significantly improve the detection probabilities for the second and third best RSRP cell/TP.
Observation 1: The CSI-RS exhibits the best performance of cell/TP identification in a dense small cell deployment since the RS resource collision among small cells within a cluster can be avoided by utilizing a number of orthogonal configurations with the muting mechanism.

3.2.
RSRP measurement performance

As the next step, the RSRP measurement performance based on the CRS (cases 1a/1b) and that based on the CSI-RS (cases 2a/2b) are also evaluated for identified cells/TPs. The RSRP estimation algorithm used in [5] and [6] is applied in the simulation. Evaluation results based on a 6 RB case and a 25 RB case are shown in Fig. 2 and Fig. 3, respectively. In addition to the cell/TP identification performance, the CSI-RS exhibits the most accurate RSRP measurement performance especially for the second and third best RSRP small cells. On the other hand, for the mechanism based on the CRS without PDSCH muting, even if the second or third RSRP cell is detected, the RSRP measurement for the cell seems inaccurate in some cases. It should be noted that the RSRP measurement accuracy might be improved by using CRS-IC. Since CRS-IC can mitigate the CRS interference on DRS resources while the PDSCH muting can mitigate the PDSCH interference on DRS resources, the combination of CRS-IC and PDSCH muting is beneficial and seems to be equivalent to increasing the reuse factor. 
Observation 2: The CSI-RS exhibits the most accurate RSRP measurement performance especially for the second and third best RSRP small cells in a dense small cell deployment.
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Figure 1 － Cell/TP identification performance
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Figure 2 － RSRP estimation error in 6 RB measurement (Multi-cell link level simulation)
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Figure 3 － RSRP estimation error in 25 RB measurement (Multi-cell link level simulation)
4. Link Level Evaluation on RSRP Measurement
The above evaluation results are highly dependent on the SCE scenario, i.e., dense small cell deployment which is an interference-limited case rather than a noise-limited case. On the other hand, the current measurement performance requirement covers more general scenarios [7]. For example, the RSRP absolute accuracy requirement under normal conditions is within +/- 6 dB when the Es/Iot is equal to or greater than -6 dB. Since the current test conditions for the RSRP measurement accuracy are different from the conditions in a SCE scenario, we also evaluate the RSRP measurement accuracy based on the CRS and CSI-RS using link level simulations. The evaluation assumptions are given in Annex B. Regarding the CSI-RS-based mechanism, we consider the trade-off between the resource element (RE) density and the reuse factor. As shown in Fig. 4, multiple CSI-RS configurations can be assigned to a certain cell/TP so that the RE density can be increased at the cost of the cell/TP multiplexing capability, i.e., a decreased reuse factor.
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Figure 4 － Trade-off between RE density and reuse factor
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Figure 5 － RSRP estimation error in 6 RB measurement (Link level simulation)
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Figure 6 － RSRP estimation error in 25 RB measurement (Link level simulation)

Evaluation results for a 6 RB case and 25 RB case are shown in Fig. 5 and Fig. 6, respectively. Since the RSRP estimation accuracy in a noise limited scenario is mainly dependent on the RE density, the performance based on the CSI-RS with 2 REs/RB is slightly worse than that based on the CRS while the CSI-RS with 8 REs/RB exhibits almost the same performance as that for the CRS. However, the performance based on the CSI-RS with 2 REs/RB seems acceptable when averaging among 5 measurement samples or when a large measurement bandwidth such as over 25 RBs is applied. There is a sufficient margin from the RSRP absolute accuracy requirement, i.e., +/- 6 dB in these cases.
Observation 3: The CRS-based RSRP measurement is slightly more robust than the CSI-RS-based RSRP measurement in a noise limited scenario.

· The CSI-RS can also meet the RSRP absolute accuracy requirement with a sufficient margin when averaging among a few measurement samples or when a large measurement bandwidth such as over 25 RBs is applied.

· For the CSI-RS, multiple configurations can be assigned to a certain cell/TP so that the RE density and corresponding link-level RSRP measurement accuracy is comparable to the CRS.
5. Conclusion
In this contribution, we evaluated the performance of cell/TP identification and RSRP measurement when assuming each candidate discovery signal design. For the RSRP measurement performance based on the CRS and CSI-RS, both multi-cell link level simulations assuming a SCE scenario and link level simulations were presented. According to the evaluation results, our observations are summarized below.

Observation 1: The CSI-RS exhibits the best performance of cell/TP identification in a dense small cell deployment since the RS resource collision among small cells within a cluster can be avoided by utilizing a number of orthogonal configurations with the muting mechanism.

Observation 2: The CSI-RS exhibits the most accurate RSRP measurement performance especially for the second and third best RSRP small cells in a dense small cell deployment.

Observation 3: The CRS-based RSRP measurement is slightly more robust than the CSI-RS-based RSRP measurement in a noise limited scenario.

· The CSI-RS can also meet the RSRP absolute accuracy requirement with a sufficient margin when averaging among a few measurement samples or when a large measurement bandwidth such as over 25 RBs is applied.

· For the CSI-RS, multiple configurations can be assigned to a certain cell/TP so that the RE density and corresponding link-level RSRP measurement accuracy is comparable to the CRS.
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Annex A.  Parameters and Assumptions for Multi-cell Link Level Simulation Assuming SCE Scenario
According to the agreements at the RAN1#76 meeting [8], we consider the following evaluation assumptions in addition to the discovery evaluation assumptions used in the SCE SI [9].

· Initial timing offset between the assisted timing and the actual DS receive timing at the UE is +/- 2.5 ms. 

· A 5 ms search window is used for initial timing synchronization.

· Timing offset for DS from each small cell at the UE is +/- 1.5 us plus the actual propagation delay between the small cell and the UE.

· Initial frequency offset at the UE is X = +/- 0.2 ppm, which is derived from the frequency offset requirement at the serving eNB, in which +/- 0.1 ppm in a small cell case is the worst case, and the frequency synchronization requirement at the UE, which is +/- 0.1 ppm from the serving eNB.

· Frequency offset for DS from each small cell is +/- 0.1 ppm.

· Target detectable cells are assumed as the top three small cells within Y = {6, 12} dB RSRP gap.
· In the PSS/SSS-IC case, the ideal cancellation of up to the two strongest signals is assumed when these signals are detected.

Annex B.  Parameters and Assumptions for Link Level Simulation on RSRP Measurement

Table AI gives the link level evaluation assumptions on the RSRP measurement [10].
Table AI. Link Level Evaluation Assumptions

	Parameters
	Values

	SNR
	-6 dB

	Measurement bandwidth
	{6, 25} RBs

	Number of Tx antennas
	{1, 2}

	Number of Rx antennas
	2

	Number of measurement samples
	{1, 5}

	Propagation conditions
	EPA 9.72 Hz

	Timing offset
	0

	Frequency offset
	+/- 350 Hz
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