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1 Introduction
In RAN#62, feasibility and benefits of radio-interface based synchronization (RIBS) mechanisms for operation efficiency improvement had been addressed; the following have been agreed as the object on RIBS in the approved WID on small cell enhancement [1]:

· Efficient radio interface based inter-cell synchronization, i.e. network listening, in single-carrier or multi-carrier operation, with specifying the down-selected solutions  

· Be able to support multiple stratum level beyond 3 hops, e.g. 4 to 6 hops. The number of hops configured in the network is dependent on scenarios.
· Improve the achievable synchronization accuracy based on existing RSs, e.g. by improving the hearability of received RS for network listening at the target cells.
· It should be applicable to small cell on/off and eIMTA, and inter-operator TDD deployment in the same band.
In RAN1 #76 meeting, the following agreements were agreed:

Agreements:

· Support muting to improve the hearability for the scenario of small cells listening to small cells. FFS on the standard impacts.

· Support not turning off listening RS in the source cell when small cell on/off is used in the network. FFS on the standard impacts.

In this contribution, we share our views on several aspects of network listening: number of hops and RS type for network listening, applicability of RIBS to eIMTA and inter-operator TDD deployment.

2 Network listening
2.1 Number of hops for network listening

As been extensively evaluated and shown in [2], the number of hops for network listening depends on the deployment scenario and source cell selection mechanism.

Case 1: 

One small cell within a cluster (under a macro-cell and, listing to this macro-cell) is selected as the source cell and other small cells will listen to this small cell. In this case, if coordinated listening introduced, two hops are enough for network listening [3].

Case 2: 

The candidate source cell(s) is/are selected from the local macro-cell that is overlaid with this small cell or small cell(s) belong to the local macro cell. In this case, three hops are enough for network listening [3].

Case 3: 

The candidate source cell(s) is/are selected from the local overlaid macro cell, or small cell(s) belong to the local macro cell, or another macro cell that is synchronized to the local macro cell, or small cell(s) belong to another macro cell. In this case, one hop is enough for network listening according to [5].

Thus, when source cell selection and coordinated muting/listening are used, no more than three hops are enough for network listening to achieve synchronization. It is not greater than the stratum level specified in [4] as shown in the following table 1. 

Table 1 The Time Synchronization Info IE [4]

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	Synchronization Info
	
	
	
	

	>Stratum Level
	M
	
	INTEGER (0..3, …)
	

	>Synchronization status
	M
	
	ENUMERATED(Synchronous, Asynchronous, …)
	


2.2 Type of RS for network listening

A link level simulation is performed to evaluate the network listening performance of different RS. From the following figure 1, figure 2 and table 2, it can be observed that the required SINR for the single port CRS is -11 dB; while -9 dB for the single port CSI-RS (at the metric of 90% probability falling into [-1.5, +1.5] μs, listed in the following table 2). Take the additional overhead of CSI-RS into consideration, it is recommended that the RS for network listening should be CRS. 

Detailed simulation settings are listed in the annex.

  SHAPE  \* MERGEFORMAT 



Figure 1 Time synchronization CDF for CSI-RS and CRS under different SINR
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Figure 2 Zoom-in of time synchronization CDF at -1.5μs (left one) and +1.5μs (right one)

Table 2   Probability of CRS/CSI-RS at different SINR that falling into [-1.5, +1.5] μs

	SINR of RS

RS Type
	Probability

	
	-11 dB
	-10 dB
	-9 dB

	CSI-RS
	83.3%
	89.1%
	91.8%

	CRS
	90.1%
	97.1%
	98.0%


PRS was mentioned as a potential candidate for network synchronization [8]. PRS has better frequency reuse and more available REs both in time and frequency, and hence can be expected to improve network synchronization performance. However, a few other aspects also need to be considered: 
· Signalling overhead and specification impacts

Currently a lot of assistant information is defined to alleviate the UE implementation complexity such as physical cell ID, antenna port configuration, CP length, PRS bandwidth, PRS configuration, the number of consecutive subframes for PRS occasion, expected RSTD, expected RSTD-Uncertainty, etc [9]. Similarly, the target cell may also need assistant information on PRS and hence signalling overhead if PRS is the listening RS for RIBS. 
· If PRS is used for RIBS, it means extra REs are used. Taking 50 PRBs for example, assuming normal cyclic prefix and one/two PBCH antenna, the number of REs for PRS is 50*16 = 800 REs, which may cause interference to neighbouring cells and wastes the resources.
· As shown in [10][11] , when source cell selection and coordinated muting/listening considered, no more than three hops are enough for network listening to achieve synchronization. Given the current agreement to support muting in RIBS, there is no need to use PRS to support multiple stratum level beyond 3 hops and improve the achievable synchronization accuracy further.
Proposal 1: CRS shall be used for network listening.
2.3 Supporting synchronization for TDD eIMTA
When the small cells are enabled with TDD eIMTA, different cells can have different TDD configurations and the traditional technique of using MBSFN may have some issues. For example, on TDD UL-DL configuration 0, there is no MBSFN subframe, and hence configuring the network listening period in MBSFN subframes cannot be used.
Some solutions can be considered for this issue:

Alt 1: performing network listening in GP of special subframe. In this solution, the target cell and the source cell utilize different special subframe configuration. The source cell is configured with more OFDM symbols in DwPTS, and the target cell with less OFDM symbols in DwPTS, so the target cell can utilize the GP for network listening.
This method ensures the data transmission in special subframes both on source and target cell, and takes little specification effort due to maximum reusing the current specification.
Alt 2: performing network listening in flexible subframes. In this solution, flexible subframes are configured via network coordination as subframes for network listening. For example, the target cell can declare these subframes as UL in order to avoid the impact to the UEs, and the source cells can transmit DL listening signals for other small cells to listen in these subframes.
This method can ensure that no UL transmissions are scheduled in this subframe for UEs supporting dynamic subframe configuration under eIMTA. However, the legacy UEs, due to unaware of the usage of such UL subframes, would continue to transmit signals and could cause serious interference to network listening.

Observation 1: Network listening can be applied with TDD eIMTA.
2.4 Inter-operator synchronization

Considering the case of TDD inter-operator where TDD networks are on different frequencies within the same band, even with small or no guard band, that synchronization accuracy requirement may be lower than that of intra-operator case. It is worth studying the impact of synchronization accuracy requirement for the inter-operator case.
We consider the following example as shown in Figure 3, assuming Cell_A1 and Cell_A2 are of operator A on f1, Cell_B is of operator B on f2, where f1 and f2 are adjacent frequency in the same band. When powers on, Cell_A2 gets appropriate listening occasion for network listening after blindly detecting the neighbouring cells. Due to better received signal quality or no synchronization source in operator A, Cell_A2 selects Cell_B of operator B as the source cell. As indicated in [2], the real motivation of inter-operator RIBS is to mitigate mutual interferences from neighbouring cells of different operators. In Figure 3, the interferences between cell_A2 (of operator A) and cell_B of operator B are relatively strong. Hence, synchronization between cell_A2 (of operator A) and cell_B (of operator B) should be achieved to reduce interferences between them. In this case, the stratum level and synchronization status of cell_B are not required for the single-hop network listening between cell_A2 and cell_B.  
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Figure 3 Example of inter-operator synchronization
System level simulation is performed to determine the SINR distribution for inter-operator network listening, where two operators are on adjacent band. The agreed evaluation assumptions in [6] are used. Two operators share the same small cell cluster locations and ACIR (Adjacent Channel Interference Ratio) value for adjacent band inter-operator is 43 dB [12]. SCE scenario 2b with 2 floors per building and 4 small cells per floor is assumed. Here, three cases are considered in the simulation in terms of source cell selection and coordinated muting for inter-operator network listening:

Case 1:  small cell of operator A can firstly listen to Macro cells of another operator B to be synchronized to operator B. If the observed SINR at the target cell is lower than a threshold, e.g. -15 dB, it will try to listen to small cells of operator B for synchronization. No coordinated muting is applied in this case.

Case 2:  small cell of operator A directly listens to a small cell of another operator B to be synchronized to operator B, and other cells of operator B are muted in this case.

Case 3: small cell of operator A directly listens to small cells of another operator B to be synchronized to operator B, and no coordinated muting is applied in this case.

Figure 4 shows the SINR (of the source cell signal received at the target cell) distribution of small cells for network listening in the above cases.
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Figure 4 SINR distributions for inter-operator network listening

As Figure 4 clearly shows, even no coordinated muting applied in the listening period, the hearability of network listening to the other operator (that is, the observed SINR at cells is higher than the required threshold, e.g. -15 dB) can be achieved. When coordinated muting applied within the cells of one operator, the observed SINR at cells of the other operator can be greatly improved. For example, in case 2, the observed SINR is all higher than 20 dB. Note that if coordinated muting is applied among cells of operator A, it is expected that network synchronization performance can be further improved. Given better SINR condition than the intra-operator case, the synchronization accuracy requirement should be lower than that of intra-operator case. 
In addition, as shown in [7], some implementation-based methods, such as common reference timing and common OAM configuration, can be applied for inter-operator synchronization as well. 

Base on the above discussion and results, we can conclude that inter-operator synchronization can be achieved by implementation, such as maximum reuse the solution for intra-operator synchronization [13], and no need to introduce any new method.
Proposal 2: Small cell should have the ability to support inter-operator synchronization.

Observation 2: Inter-operator synchronization can be achieved by implementation.
3 Conclusion
This contribution shared our views on several aspects of network listening: number of hops and RS type for network listening, applicability of RIBS to eIMTA and inter-operator TDD deployment. The proposals and observations are as follows:
Proposal 1: CRS shall be used for network listening.
Observation 1: Network listening can be applied with TDD eIMTA.

Proposal 2: Small cell should have the ability to support inter-operator synchronization.

Observation 2: Inter-operator synchronization can be achieved by implementation.
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Annex

Table A.1    Settings for Link Level Simulation

	Parameter
	Value

	System Bandwidth
	10 MHz

	Carrier Frequency
	2 GHz

	Channel Model
	EPA with 0.01km/h UE speed

	Carrier Frequency Error
	[-100, +100] Hz, uniform distribution, random selection.

	Timing Error
	[-8, +8] samples, that is, [-0.52, +0.52] μs, uniform distribution, random selection.

	Bandwidth of CRS / CSI-RS
	The same as system bandwidth.

	CRS Port(s)
	Port 0 only

	CRS Symbols
	CRS on symbol 4, 7, 11. Symbol 0 is not used for tracking.

	CSI-RS Port(s)
	Port 15 only

	SINR
	From -12 dB to -9 dB


-4





-3





-2





-1





0





1





2





3





4





0





0.1





0.2





0.3





0.4





0.5





0.6





0.7





0.8





0.9





1





Timing Difference [us]





CDF [Without Unit]





EPA Channel, 0.01km/h, 10MHz System, Single CRS Port vs Single CSI-RS Port





 





 





CSI-RS:   -9dB





CSI-RS: -10dB





CSI-RS: -11dB





CRS:       -9dB





CRS:     -10dB





CRS:     -11dB





CRS:     -12dB





Timing Difference [us]





Timing Difference [us]





-1.65





-1.6





-1.55





-1.5





-1.45





-1.4





-1.35





-1.3





0.01





0.02





0.03





0.04





0.05





0.06





0.07





0.08





CDF [Without Unit]





EPA Channel, 0.01km/h, 10MHz System, 


Single CRS Port vs Single CSI-RS Port





 





 





CSI-RS:   -9dB





CSI-RS: -10dB





CSI-RS: -11dB





CRS:       -9dB





CRS:     -10dB





CRS:     -11dB





CRS:     -12dB











1.4





1.42





1.44





1.46





1.48





1.5





1.52





1.54





1.56





1.58





1.6





0.9





0.92





0.94





0.96





0.98





1





CDF [Without Unit]





 





 





CSI-RS:   -9dB





CSI-RS: -10dB





CSI-RS: -11dB





CRS:       -9dB





CRS:     -10dB





CRS:     -11dB





CRS:     -12dB





EPA Channel, 0.01km/h, 10MHz System, 


Single CRS Port vs Single CSI-RS Port








1
1

_1456904740.vsd
Cell_A1


Operator A


Cell_A2


Cell_B


f1


f2



