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1 Introduction

In RAN1 #76bis meeting, it was agreed that [1]
· PRS and/or CRS is used as the listening RS for RIBS

–
FFS: Down-select of listening RS
In this contribution the link-level evaluations to investigate the synchronization accuracy achieved by different listening RS patterns are provided. In [2] and [5], blind detection of stratum levels is proposed by associating different stratum levels with different listening RS offsets. The detection of stratum levels is achieved by blind detection of listening RS. In this contribution, the blind detection performance is also evaluated by link level simulation.
2 Discussion

2.1 Per subframe listening RS pattern
As discussed in [2], it is preferable to keep the control area in the listening subframes to assure the correct transmission of UL grant and PHICH.  Two symbols per listening subframe need also be reserved for DL to UL and UL to DL switching. Therefore the per subframe listening RS pattern should be designed such that it starts from the third symbol of the subframe and ends at the second last symbol. When special subframe or subframes containing PBCH/PSS/SSS is used for network listening, the symbols used for Guard Period and PBCH/PSS/SSS should not be used for listening and the patterns need to be punctured accordingly [3].
In the following, four different listening RS options in listening subframes are analyzed.

· Option 1: CRS
In this option, CRS is used for network listening RS, as shown in Figure 1, where 2 ports for CRS are used. In this case, totally 12 REs per PRB can be used for network listening.  
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Control area TX/RX switching REs for CRS with 2 ports


Figure 1. CRS with two ports used for network listening RS
· Option 2: PRS

In this option, PRS is used for network listening RS, as shown in Figure 2. In this case, totally 14 REs per PRB can be used for network listening.
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Figure 2. PRS used for network listening RS

· Option 3: PRS+CRS with 1 port
In this option, PRS and CRS with 1 port are both used for network listening RS, as shown in Figure 3. 

When PRS was designed, the REs used for CRS were kept for CRS transmission, so that it does not have impact on UE measurement in non-MBSFN subframes. PRS pattern is common for MBSFN and non-MBSFN subfames and do not include the REs used for CRS.

In the subframes for network listening, the REs reserved for CRS can be utilized together with PRS for network listening. 
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Figure 3. PRS+CRS with 1 port used for network listening RS

In this case, totally 20 REs per PRB can be used for network listening.
· Option 4: PRS+CRS with 2 ports
In this option, PRS is used for network listening RS, as shown in Figure 4. Similar as option 3, it also does not have impact on UE measurement in non-MBSFN subframes. In this case, totally 26 REs per PRB can be used for network listening.
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Figure 4. PRS+CRS with 2 ports used for network listening RS

2.2 Link level simulation results for time and frequency synchronization

The simulation assumptions follow the agreement in [4] and can be found in the appendix.

The time synchronization performance respectively achieved by each listening RS option for single hop is summarized in Table 1. The figures to show this performance can be found in the appendix. 

Table 1. Timing performance by different listening RS options for each hop

	Options 
	SINR for time synchronization error range in which 
about 90% is no larger than [-0.2, 0.2]us 

	Option 1: CRS
	No smaller than -12dB 

	Option 2: PRS
	No smaller than -12dB 

	Option 3: PRS+CRS with 1 Port
	No smaller than -13dB 

	Option 4: PRS+CRS with 2 Ports 
	No smaller than -14dB 

	Note: for each option and other SINR, about 90% timing error is much larger than [-3, 3]us


From these results, it can be observed that 

Observation 1: PRS and CRS have similar time synchronization performance. Performance by PRS+CRS with 2 ports is better than PRS+CRS with 1 port and the latter is better than PRS (or CRS).

On the other hand, for different options, Table 2 summarizes the SINR required to meet the frequency synchronization requirement for each hop with different hop numbers. The figures to show the frequency performance can be found in the appendix.
Table 2. Frequency performance by different listening RS options for each hop
	Hop number 
	Frequency synchronization error range
	
SINR required to meet the frequency synchronization requirement for each hop 

	
	
	Option 1: CRS
	Option 2: PRS
	Option 3: PRS+CRS with 1 Port
	Option 4: PRS+CRS with 2 Ports

	3
	~[-120, 120] Hz
	-8dB 
	-10dB 
	-11dB
	-11dB

	4
	~[-85, 85] Hz
	-6dB 
	-8dB 
	-10dB
	-10dB

	5
	~[-70, 70] Hz
	-5dB 
	-7dB 
	-9dB
	-9dB

	6
	~[-60, 60] Hz
	-4dB 
	-6dB 
	-8dB
	-8dB


From these results for frequency performance, it can be observed that:
Observation 2: for frequency synchronization, CRS performs the worst. PRS+CRS with 2 ports and PRS+CRS with 1 port perform the best with same performance.

2.3 Link level simulation results for blind detection

As discussed in [5], the listening RS can be configured depending on stratum levels, so that the stratum level can be blindly detected. In this section, the blind detection performance for different listening RS options is evaluated and compared. The simulation assumptions are aligned with the table in the appendix.
Firstly the false alarm probability for blind detection is evaluated. The false alarm probability distribution for blind detection under different noise threshold is shown in the appendix. It can be observed that if the false alarm probability is assumed to be 0.1%, the corresponding noise threshold is about 8.5dB for any listening RS. 

Secondly by using this noise threshold, the error alarm probability for different listening RS options and different SNR is simulated. Table 3 summarizes the SNR required to simultaneously achieve the 0.1% error alarm probability and 0.1% false alarm probability. The figure to show the error alarm probability performance can be found in the appendix.
Table 3. SNR required to achieve 0.1% error alarm probability 
	Options
	SNR required to meet 0.1% error alarm probability

	Option 1: CRS
	-7.7dB

	Option 2: PRS
	-8.0dB

	Option 3: PRS+CRS with 1 Port
	-9.5dB

	Option 4: PRS+CRS with 2 Ports
	-10.6dB


From these results, it can be observed that:

Observation 3: for blind detection, CRS performs the worst and PRS+CRS with 2 ports perform the best.

It was stated in [6] that “within the candidate schemes satisfying the 3us accuracy target, the mechanism that can meet stricter accuracy requirement is preferred, with joint tradeoff consideration of other design aspects.” According to the observation 1, 2 and 3, it can be seen that option 3 and 4 perform the best. Therefore it is proposed:

Proposal: Choose PRS+CRS as the listening RS pattern per subframe
3 Conclusion

In this contribution, the network listening synchronization was evaluated from the aspects of synchronization accuracy and blind detection for different listening RS patterns. According to the evaluation results, some observations can be obtained:
Observation 1: PRS and CRS have similar time synchronization performance. Performance by PRS+CRS with 2 ports is better than PRS+CRS with 1 port and the latter is better than PRS (or CRS).

Observation 2: for frequency synchronization, CRS performs the worst. PRS+CRS with 2 ports and PRS+CRS with 1 port perform the best.
Observation 3: for blind detection, CRS performs the worst and PRS+CRS with 2 ports perform the best.
According to these observations, we propose that:
Proposal: Choose PRS+CRS as the listening RS pattern per subframe
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Appendix
Table A1. Evaluation assumptions for link level simulation

	Parameter 
	Value 

	Channel bandwidth 
	Baseline: 10 MHz 

	Carrier frequency 
	Macro cell as source cell: 2 GHz 

Small cell as source cell: 3.5GHz 

	Channel profile 
	EPA with low mobility, e.g. 0.01km/h 

	Total number of subframes measured 
	One subframe within one measurement interval. 

Measurement interval is 10s. 

	Time drift 
	Frequency synchronization error multiplied by the measurement interval. 

With accurate frequency provider: the frequency synchronization error is assumed to be +0.1ppm.

With inaccurate frequency provider: the frequency synchronization error is the estimated error if frequency synchronization is obtained via air interface. 

	Network listening RS design 
	Option 1: CRS

Option 2: PRS

Option 3: PRS+CRS with 1 Port

Option 4: PRS+CRS with 2 Ports
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	Option 1: CRS
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	Option 3: PRS+CRS with 1 Port
	Option 4: PRS+CRS with 2 Ports


Figure A1. Timing performance by different listening RS options for each hop
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	Option 1: CRS
	Option 2: PRS
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	Option 3: PRS+CRS with 1 Port
	Option 4: PRS+CRS with 2 Ports


Figure A2. Frequency performance by different listening RS options for each hop
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Figure A3. False alarm probability for blind detection based on different listening RS options
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Figure A4. Error alarm probability for blind detection on different listening RS options











































































