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1. Introduction 
Several agreements were achieved in RAN1#76bis meeting as follows,
Agreements:

· 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

And the DRS pattern related agreements are, 

· DRS measurement timing configuration includes at least period and offset and potentially duration

· The reference timing for the offset is a serving cell timing

· FFS: Which serving cell

In this contribution, the performance evaluation results of discovery signals are provided.
2. Discovery signal patterns
The DRS should be transmitted in a longer period to reduce the interferences and save the power consumptions. On the other side, DRSs are required to transmit in a certain density to keep the accuracy of RRM measurements. DRS could be sent in a burst way, which was also proposed in [2] [3]. Multiple samples transmitted in a short duration could reduce the measurement time and also keep reliability. 
Proposal 3:

The discovery signal should consider the legacy measurement gap as a starting point. And the period of discovery signal could be multiples of 240ms or 480ms.

As proposed above, DRS could be transmitted in a burst way. Multiple DRS samples should be transmitted in the burst duration. One way is to transmit DRS continuously and the other is to transmit according to the pattern of measurement gap. Here we simulated the link level performance of these 2 patterns (Figure.1).

Case 1 (distributed): 480ms period, 1 burst in each gap, Nsample =(1~3), Nburst =1
Case 2 (centralized): 480ms period, 1~3 bursts, Nsample =1, Nburst =(1~3)
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Figure 1. DRS structure
Tperiodicity
The RRM measurements based on DRS should support both intra-frequency measurements and inter-frequency measurements. If the inter-frequency measurements are executed, DRS pattern could follow one measurement gap configuration. So, the DRS pattern design is considered to refer to the existing measurement gap pattern, e.g., 6ms measurement gap length, 480ms minimum available time for inter-frequency and inter-RAT measurements [4]. 

Nsample
The multiple RS samples could be within one gap period and/or occupy multiple gaps according to the legacy gap configurations. 
Offset

Offset should be considered to make different DRS configuration orthogonal.
Comparison between case 1 and case 2
The case 1 and case 2 are simulated as follows (Figure 2),
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Figure 2. performance between case 1(distributed DRS) and case 2(centralized DRS)
Observation 1: Both case 1 (distributed DRS) and case 2 (centralized DRS) has similar RSRP performances. 
For case 1, multiple discrete DRS samples could reduce the opportunities conflict with traffic channels. And the limitation of traffic channel muting caused by DRS would be less. But the drawback is that the duration of DRS transmission is larger than Case 2, which calls for larger periods.
For case 2, the benefit is that UE could finish the RRM measurements in a short time based on a continuous DRS transmission, such as 6ms in a 480ms period. When the samples or transmission time is within 6ms, the current measurement gap pattern could also be reused. Once the measurement duration is larger than 6ms, new measurement gap pattern should be design. On the other hand, the drawback of this pattern is that, the accuracy of measurements will be impact when a deep fading is encountered or severe interference occurs.
Proposal 1:
Both case 1 (distributed DRS) and case 2 (centralized DRS) could be considered in DRS design. 
3. Performance evaluation of DRS 
3.1. Evaluation assumptions

The simulation has been done in two steps. 
Step 1 : system level simulation provided the required SINR for at least top (3) small cell should be detectable.

· In additional, for cell identification, the signal should be able to achieve over 90% detection probability for all detectable small cells.
Step 2 : link level simulation to examine a particular DRS configuration can satisfy the required SINR.

· Assuming 90% of the measured RSRP is less than +/-3dB error to ideal RSRP.

3.2. Step 1: simulation for required SINR 
A reliable RSRP based on DRS could facilitate the cell association and transition time reduction. In the 76bis meeting’s proposal, we provide the SINR CDF of 3rd, 4th, 5th small cells and the SINR requirements of RSRP measurements [1]. But traffic load was not taken into account in that proposal, which presents the cases where most small cells are in the off state and only discovery signals were transmitted. In this contribution, we compare the system SINR of different reuse factor [3, 10, 20] with different loads [0%,10%,30%]. The simulation results are as below.
Note that 10% CDF SINR are considered as the lowest operation point of DRS to keep the RRM measurements reliable.
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Figure 3 SINR with 0% and 30% loads under Reuse 3 and 20

Table 1 the 3rd, 4th small cells’ UE SINR thresholds under different load

	
	3rd strongest cell
	4th strongest cell


	
	0% load
	10% load
	30% load
	0% load
	10% load
	30% load

	Reuse 20
	0.24dB
	-7.7 dB
	-14.69dB
	-4.05dB
	-12.47 dB
	-19.28dB

	Reuse 10
	-6.14 dB
	-10.07 dB
	-15.24
	-10.39 dB
	-14.7 dB
	-19.93 dB

	Reuse 3
	-15.18dB
	-15.79 dB
	-17.62dB
	-19.97dB
	-20.48 dB
	-22.4dB


The SINR loss caused by traffic channel cannot be neglected even when the traffic load is low. Therefore puncturing or muting REs in PDSCH when it is collided with DRS is needed.

Proposal 2:

Puncturing or muting REs in PDSCH when it is collided with DRS is needed.

3.3. Step 2: examine DRS configurations
The following DRS configurations are considered in the simulation (Table 2).
	Table 2 SINR thresholds under different patterns

　
	No
	Bandwidth(PRB)
	Nburst, 
continuous transmission time(in One gap)
	Nsample
Numbers samples (how many gaps in 480ms periods)
	Required SINR(dB)
@x% within +/- 3dB 
	Required SINR(dB)
@x% within +/- 3dB

	CSI-RS
	1
	50
	1
	12
	-05dB@90%, 
	-10dB@75%

	
	2
	50
	1
	6
	-05dB@80%,
	+00dB@100%

	
	3
	50
	1
	4
	-05dB@75%,
	+00dB@100%

	
	4
	50
	1
	3
	-05dB@70%,
	+00dB@95%

	CSI-RS
	5
	6
	3
	12
	-05dB@75%,
	+00dB@98%

	
	6
	25
	3
	12
	-15dB@53%
	-10dB@97%

	
	7
	50
	3
	12
	-15dB@50%
	-10dB@90%

	CRS
	8
	6
	3
	2
	-05dB@76%
	+00dB@100%


Note : △RSRP =Estimated RSRP – Ideal RSRP, and RSRP are within the range [RSRP-△RSRP, RSRP+△RSRP], △RSRP is less than 3dB.
Considering the different required SINR target, the satisfied CSI-RS and/or CRS configurations are different.

(1) Muting with 20 orthogonal resources @ 0 load
(CSI-RS reuse 20@load=0, CRS reuse 20@load=0)
(2) Muting with 10 orthogonal resources @ 0 load
(CSI-RS reuse 10@load=0, CRS reuse 10@load=0)
(3) Muting with 20 orthogonal resources @ 10% load
(CSI-RS reuse 20@load=10% CRS reuse 20@load=10%)
(4) Muting with 10 orthogonal resources @ 10% load
(CSI-RS reuse 10@load=10% CRS reuse 10@load=10%)
(5) Muting with 20 orthogonal resources @ 0 load for CSI-RS and 3 orthogonal resources @ 0 load for CRS
(CSI-RS reuse 20@load=0, CRS reuse 3@load=0)
(6) Muting with 10 orthogonal resources @ 0 load for CSI-RS and 3 orthogonal resources @ 0 load for CRS
(CSI-RS reuse 10@load=0, CRS reuse 3@load=0)
Table 3 performance of DRS configurarion
	Case
	Required SINR (dB)
	Good DRS configurations 
(90% probability of 3rd strongest cell detection successful)

	(1)
	0.24
	1,2,3,4,5,6,7,8

	(2)
	-6.14
	6,7

	(3)
	-7.7
	6,7

	(4)
	-10.07
	N/A

	(5)
	0.24(CSI-RS)
-15.18(CRS)
	1,2,3,4,5,6,7

	(6)
	-6.14(CSI-RS)
-15.18(CRS)
	6,7


Both CRS and CSI-RS could be used for RRM measurements. When legacy CRSs are used for DRS, the CRS RE would be interfered by traffic channels and cannot be avoid without any specification impacts. On the other hand, CSI-RS candidate positions are aligned among different cells. When the CSI-RS are used for DRS, the position of CSI-RS of on-state cells could be set as zero power to avoid interference. And the zero power CSI-RS is supported by current specifications. It seems easier for on-state small cell to avoid the inference to DRSs. 

Proposal 3:

DRS design based on CSI-RSs is preferred, considering that interference from on-state cells could be avoided without many specification impacts. 
4. Conclusion

In this contribution, we discuss the impact of on-state cell to discovery signals and the pattern designs.

Proposal 1:

Both case 1 (distributed DRS) and case 2 (centralized DRS) has similar RSRP performances. 
Proposal 2:

Puncturing or muting REs in PDSCH when it is collided with DRS is needed.

Proposal 3:

DRS design based on CSI-RSs is preferred, considering that interference from on-state cells could be avoided without many specification impacts. 
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Appendix 1 : Simulation Assumptions
Table A-1: Simulation assumptions for system level evaluation 

	Scenario
	Scenario #2a

	
	Macro cell
	Small cell

	Layout
	Hexagonal grid, 3 sectors per site, case 1
7 Macro sites 
	Clusters uniformly random within macro geographical area; small cells uniformly random dropping within cluster area

	Antenna configuration
	2Tx and 2Rx in DL, Cross-polarized

	Number of clusters/buildings per macro cell geographical area
	1

	Number of small cells per cluster
	10

	Number of small cells per Macro cell
	10

	Traffic model
	Full buffer

	UE speed
	3km/h


Table A-2: Link level simulation assumptions for RSRP measurement

	Parameters
	Value
	Notes

	Measurement bandwidth
	6PRB/50 RB
	

	System bandwidth
	10M
	

	Minimum RSRP L1 measurement period
	200ms/480ms
	Depends on the periods

	Measurement samples (in time) per gap
	1
	1 ms sample per gap

	Measurement samples interval
	1ms/40 ms
	

	L3 filtering
	Disabled
	

	Transmit antenna
	1
	

	Receive antennas
	2
	Both antennas with equal gain and uncorrelated.

	Propagation conditions
	EPA3
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Case 1 (distributed): For example, Tperiodicity=480ms, Nsample= 3 , Nburst= 1
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Case 2 (centralized): For example, Tperiodicity=480ms, Nsample= 1 , Nburst= 3
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