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1 Introduction

In the agenda for radio interface based synchronization for RAN1 #74bis [1], “Evaluation on network listening is recommended, at least for the achievable accuracy” is indicated. This contribution firstly analyzes the time/frequency synchronization error components and the corresponding requirements. Then the link level and system level simulation parameters and performance metrics are presented to evaluate the synchronization accuracy of network listening mechanisms. 
It is proposed that:

The link/system level simulation assumptions listed in Table 1 and Table 2 are agreed as baseline for synchronization accuracy evaluation of network listening mechanism.
The detailed analysis of enhanced mechanisms for network listening is given in a companion paper [2].
2 Evaluation methodology for network listening
The purposes of evaluation for network listening are to investigate the achievable synchronization accuracy if using certain design without standard impact and to evaluate the improvement on achievable accuracy that can be provided by the proposed solutions. 

We first analyze which factors will impact the achievable synchronization target and then consider how to model these factors in the simulation. According to these we further provide evaluation assumptions as well as performance metrics for network listening.

The following analysis on synchronization error was initially given in [3] and is reiterated here with more details.

2.1 Analysis on sources of synchronization error 

· Time synchronization error
It was defined in [6] that cell phase synchronization accuracy is the maximum absolute deviation in frame start timing between any pair of cells on the same frequency that have overlapping coverage areas. 
When network listening is considered, the time synchronization error between any pair of the two small is depicted in figure 1 and is denoted as formula (1).
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Figure 1. Time synchronization error between two clusters
(time = (_prop + (_sync + (_drift + C ≤ E                                              (1)
where 

· (_prop is the difference between two propagation delays.
· (_sync is the accumulative impact of estimated synchronization error which is a function of the number of hops between cell A_1 and cell A_M and between cell B_1 and cell B_N as well as the synchronization accuracy of each hop, where the latter should be obtained through simulation 

· (_drift is the impact of timing drift resulted from frequency detection error. For example, a 0.1ppm frequency error results in 0.1us timing drift for each second. 

· C is a constant value which includes initial synchronization error, time difference between the two reference timing sources, and etc. The time difference between the two reference timing sources could be large but it depends on the deployments. 
· E is the requirement of time synchronization accuracy, where it is stated in [5] that 
· The target synchronization accuracy for the purpose of the study was <=3µs.
· The value is used to guide the study. It is not intended to impact any requirement discussion in RAN4
· 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.
· Frequency synchronization error
When the frequency synchronization is obtained by network listening, the frequency error between the actual BS transmitting frequency and the assigned frequency can be denoted as:
(frequency = (_sync+ D ( A                                                               (2)
where 

· (_sync is the accumulative impact of estimated frequency synchronization error which is a function of the number of hops and the synchronization accuracy of each hop, where the latter should be obtained through simulation.

· D is a constant value which includes the initial synchronization error, the frequency error of the reference frequency source. 

· A is the frequency error range and decided by the frequency error minimum requirement as defined in [4], e.g. A = [-0.1ppm, 0.1ppm] for local area BS. 
2.2 Link level simulation

According to the discussion in the previous section, the proposed performance metrics for link level simulation are:

· time synchronization error on single hop under different SINR
· frequency synchronization error on single hop under different SINR
The evaluation assumptions for link level simulation to obtain such performance metrics under various SINR conditions are summarized in Table 1 and some explanations are given in the following.
For time synchronization simulation, the (_drift (which is caused by frequency error (frequency) needs to be modelled in the received samples for timing estimation on top of (_sync. When the frequency synchronization is obtained by backhaul, (frequency is can be assumed as 0.1ppm. When the frequency synchronization is obtained by network listening, (frequency depends on the estimated frequency detection error. The value of (_drift can then be derived as follows: If the frequency error is 0.1ppm, it will lead to a time drift of 0.1us after a measurement interval, where measurement interval is at the unit of second.
Note that the time synchronization error of previous measurement intervals will impact the consequential synchronization estimation performance.
Table 1. 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 

	Time/frequency estimation algorithm 
	Time tracking: 

Time-domain detection of first arrival path 

Frequency tracking: 

Frequency-domain correlation based estimation if network listening is used for frequency synchronization. 

	Total number of subframes measured 
	One subframe within one measurement interval, the measurement interval can be up to 10s. 

	Network listening RS design 
	Baseline: CRS for synchronization maintenance 

Number of antenna ports for CRS: 2 

	Performance metrics
	Time synchronization error for single hop under different SINR;

Frequency synchronization error for single hop under different SINR


2.3 System level simulation

The simulation assumptions and performance metrics for system level simulation are summarized in table 2 and discussed below.
· Evaluation assumptions on channel model
Several scenarios have been specified in [5] for small cell deployments. It is proposed that the indoor case i.e. scenario 2b (dense) is agreed as baseline for network listening evaluation. 
The channel model between macro cell and small cell can refer to the one between macro cell and indoor UEs. Similarly, the channel model between small cell and small cell can refer to the one between small cell and indoor UEs. Parameters such as distance-dependent path loss, penetration, shadowing can be reused in the above models. Some modification is needed, i.e., values of ‘antenna height’, ‘antenna gain + connector loss’ at the receiver side is replaced with small cell parameters, as in Table 2.
· Evaluation methodology on source cell selection
In order to meet the synchronization target, not only the received signal quality but also the synchronization stratum level should be considered in source cell selection. Each small cell can select the cell with acceptable received signal quality and small synchronization stratum as its source cell. For example, the target cell can select the cell with the smallest stratum level as its source cell if the SINR between the source and target cells is higher than a certain threshold, e.g. -14dB or -20 dB. 
In addition, it can be assumed that the reference timing is from the overlaid macro cell or GPS and only one small cell within each cluster is selected to acquire this reference timing (denoted as donor cell). This small cell can be the one which has the maximum received power of macro cells, or can be randomly selected. Other cells within the cluster could select the donor cell as the source cell, based on the methodology in the last paragraph.
One donor cell per cluster is considered at least for the following cases,

· The overlaid macro cells (e.g., for FDD) are not synchronized. Small cells listening to different macro cells cannot be synchronized. In this case, GPS is recommended and one GPS per cluster can be the evaluation assumption.

· The overlaid macro cells are synchronized TDD network and non-co-channel with the small cell layer. Listening to macro network requires additional receiver and it is not necessary to have all the small cells equipped with the additional receivers.

· Performance metrics
The purpose of system level simulation is mainly focusing on the SINR experienced by small cells which will impact the synchronization accuracy on each hop as well as the number of hops needed in each cluster which will impact the accumulative impact of estimated synchronization error. From this perspective, the performance metrics for system level simulation are proposed to include:

· SINR distribution
· synchronization stratum distribution
· maximum number of hops needed
Table 2. Evaluation assumptions for system level simulation
	Parameter 
	Value 

	Scenario
	Scenario #2b (dense) as defined in [5]

	Channel model between Macro cell and small cell
	Refer to channel model between Macro cell and indoor UEs;

Some modification is needed on the receiver side, i.e, 
‘antenna height’: replace 1.5m with 6m;

 ‘antenna gain + connector loss’: replace 0dBi with 5dBi

	Channel model between small cell and small cell
	Refer to channel model between small cell and indoor UEs;

Some modification is needed on the receiver side, i.e, 
‘antenna height’: replace 1.5m with 6m;

 ‘antenna gain + connector loss’: replace 0dBi with 5dBi

	Source cell selection
	Each small cell selects a cell with acceptable received signal quality and small synchronization stratum as its source cell;

It can be assumed that the reference timing is from the overlaid macro cell or GPS and only one small cell within each cluster is selected to acquire this reference timing. This small cell can be the one which has the maximum received power of macro cells, or can be randomly selected.

	Performance metrics
	SINR distribution;

Synchronization stratum distribution;

Maximum hop number;


2.4 Evaluation on synchronization performance

It needs to be noted that for these results only time/frequency synchronization error on single hop under different SINR is considered, i.e., (_sync/(_sync for single hop. The value and impact of (_prop, C, D on the synchronization performance have not yet been included.
With the proposed evaluation assumptions, the following can be observed:

· Link level simulations show that, for each hop, the received SINR needs to be at least x dB to achieve a certain synchronization accuracy.
· System level statistics show the potion of small cells that can choose the source cells with received SINR better than x dB. 
· System level statistics show that the hop number needed when x dB threshold for source cell selection is used. Note that large number of hops implies even tighter synchronization requirement is needed for each hop and hence higher SINR is needed.
Therefore, we can conclude on the necessity and benefit to improve source cell signal SINR observed at the slave small cells to meet the synchronization target.
3 Conclusion

In this contribution, the evaluation assumptions for network listening focusing on synchronization accuracy are discussed. 
As it is important to reach agreement on the link level and system level simulation assumptions for further evaluation work, it is proposed that:

The link/system level simulation assumptions listed in Table 1 and Table 2 are agreed as baseline for synchronization accuracy evaluation of network listening mechanism.
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