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1 Introduction
This contribution further discusses a few considerations on network synchronization in small cell scenarios. First, it reviews a mechanism to define synchronous state and some observations from system level simulation. Then, it discusses a few considerations and enhancements to enhance network synchronization based on network listening.  
2 Discussion on synchronization accuracy
In TS 36.922[1], network listening based network synchronization for TDD HeNB is specified. Notably it mentions that open loop network listening where synchronizing HeNB is automatically offset by the propagation delay compared to the donor (H)eNB is essential for TDD HeNBs. In terms of synchronization accuracy, it states that 
The synchronization requirement for a HeNB is defined as the difference in radio frame start timing, measured at the transmit antenna connectors, between the HeNB and any other HeNB or eNB which has overlapping coverage. The synchronization requirement shall be set to 3 us in all cases, except when the HeNB gets its synchronization when performing network listening off cells with propagation distance greater than 500m. This requirement shall apply independent of the synchronization technique used (GPS, IEEE 1588 v2, Network Listening).  In scenarios where synchronization is obtained via network listening off cells with propagation distance greater than 500m, the synchronization requirement shall be 1.33 μs plus the propagation delay between the HeNB and the cell selected as the network listening synchronization source (e.g. when the propagation distance is 2.6km, the synchronization requirement is 10 us). In terms of the network listening synchronization source selection, the best accurate synchronization source to GNSS should be selected.
In terms of synchronization accuracy requirement in small cell scenarios, we still think that this principle can be maintained where the synchronization requirement may be revisited. In other words, radio frame start timing difference between any two small cells which have overlapping coverage should be maintained within a synchronization accuracy requirement where synchronization requirement should be specified according to propagation delay differences (or hop count) between two eNBs. If transmission timing difference between two eNBs exceeds the requirement, two cells are not synchronized. 
In small cell scenarios, there is a case where two eNBs which have overlapped coverage have different donor (H)eNBs such that two eNBs may not meet the baseline synchronization requirement (3us) each other due to accumulated synchronization error. 
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Figure 1. Example of network listening based synchronization
For example, if network listening approach is used in a small cell cluster consisting of 8 cells with 1 clock source as shown in Figure 1, a potential synchronization tree can be formed as shown in the above figure (Cell2, Cell3, Cell4 synchronize themselves against Cell1, Cell5 and Cell7 use Cell2 for network synchronization, and so on).  Since each cell has potentially many candidate donor eNBs, a mechanism to determine which eNB will be selected as a donor eNB among candidate eNBs needs to be addressed. 

Since in a small cell scenario, a small cell has potentially many neighbour eNBs which have overlapped coverage, how to determine the state of synchronous or asynchronous of each cell with network listening based synchronization should be also addressed. In terms of network listening based synchronization process, two steps can be considered. At the first step, a target eNB will perform time (and frequency) tracking/adjustment against a donor eNB (e.g., Cell2 against Cell1) to meet the synchronization accuracy (e.g., 1.33us + propagation delay between the target and donor eNBs). The cell can assume that time (and frequency) tracking/alignment has been completed. One approach is to determine that a cell is synchronized when the eNB completes the first step. In the second step, the target eNB may check the synchronization status with other eNBs which have overlapped coverage. Another approach of synchronization status decision is to determine that an eNB is synchronized only if it completes the first step and it is synchronized with any eNB with overlapped coverage. Whether this approach should be used in small cell scenarios needs some further discussion with considerations of use cases of network synchronization. For example, if network synchronization is needed to support ICIC, synchronization should be performed with all neighbour nodes. 

If second approach is necessary, a mechanism to determine whether two eNBs can be assumed as synchronized or not would be needed. Also, a mechanism to identify eNBs which have overlapped coverage with one eNB also needs to be clarified. This may require cell discovery procedure among cells to discover interfering cells or indication of neighbor celles.
Assuming ( is the maximum synchronization error (including implementation margin and clock drift) per each hop, synchronization error at one eNB would be ( * h (h is stratum level). Thus, maximum transmission timing difference between two eNBs with overlapped coverage would be ( * h1 + ( * h2 + |(Prop1 - (Prop2| between eNB1 and eNB2. Depending on maximum synchronization error allowed in each hop, the achievable synchronization accuracy would be affected.  Furthermore, synchronization error between two eNBs which share the same ancestor in the synchronization tree can be further reduced. For example, Cell6 and Cell7 share the Cell2 as the ancestor. Thus, synchronization error between two would be 3 * ( + prop delay (from Cell2) rather than 5 * ( + prop delay (from Cell1). This implies that sharing the same donor/source eNB among eNBs which have overlapped coverage can be recommended to improve the synchronization accuracy. 
Proposal1: How to determine “synchronous” vs. “asynchronous” status of a cell should be clarified.
Observation1: Sharing donor eNBs among eNBs with overlapped coverage helps synchronization accuracy. 
3 Observations from system level simulation

We measure the SINR distribution based on simulation assumption [2]. The following table shows the distribution of number of eNBs in a small cell cluster using scenario #2b which can achieve SINR higher than -16dB, -8dB and 0 dB from a eNB (e.g., clock source). Based on [3, 4], we selected SINR values which are necessary to achieve the target accuracy without frequency error assumed in a single hop, without frequency error assumed with maximum three hops, and with frequency error with maximum three hops respectively.  When more than one hop is considered, it is assumed that target accuracy per hop is decreased and thus required SINR increases per hop. 
Table 1. Distribution of Number of eNBs from a clock source within a small cell cluster within the required SINR
	Number of cells reachable within the target SINR
	0
	1
	2
	3
	4
	5
	6
	7

	SINR = -16dB
	0.00
	0.02
	0.35
	0.50
	0.13
	0.00
	0.00
	0.00

	SINR = -8dB
	0.00
	0.22
	0.53
	0.24
	0.01
	0.00
	0.00
	0.00

	SINR = 0dB
	0.18
	0.82
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00


Table 1 illustrates a few observations. First, with high probability, at least two or three eNBs are reachable from a clock source with SINR threshold of -16dB. It can be also inferred that without muting or deploying multiple clock sources, multi-hop network listening may be needed. Secondly, if SINR threshold becomes higher (e.g., -8dB), there could be many eNBs which may not find a clock source or donor eNB within the required SINR range. This implies that either more eNBs may not achieve synchronization or larger number of hops is resulted even for synchronized eNBs. This issue becomes more critical with SINR = 0dB where about 20% eNBs may not have any eNBs reachable within SINR target. 
	Sync cases
	Probability of sync meeting target accuracy (to the clock source)
	Probability of sync meeting target accuracy
	1-hop Sync
	2-hop Sync
	3-hop Sync
	4-hop Sync
	5-hop Sync
	6-hop Sync

	Hop-based selection

(SINR threshold = -16dB)
	0.99
	0.61
	0.41
	0.46
	0.11
	0.01
	
	

	Hop-based selection

(SINR threshold = -8dB)
	0.88
	0.84
	0.44
	0.30
	0.17
	0.06
	
	

	Accuracy-based selection

(SINR threshold = -16dB)
	0.99
	0.90
	0.29
	0.30
	0.22
	0.11
	0.04
	0.09


Table 2. Synchronization probabilities and number of hops using various SINR values and selection criteria

Next, we have evaluated the number of hops required to achieve synchronization with various threshold values and selection mechanisms. We assume that one clock source (small cell) per small cell cluster which is randomly selected. We selected two SNIR threshold values (-16dB and -8dB) based on previous contributions on link level simulations [3, 4]. Without assuming frequency error, it is observed that -8dB SINR is necessary per each hop to meet the target accuracy to reach three hops [3]. 

In this result shown in Table 2, we measure two probabilities of synchronization following the definition mentioned in Section 2. First probability is to show how many small cells can be synchronized against a clock source in a small cell cluster to meet the target requirement (1.33us (3us – maximum propagation delay)) and the second probability is to show the probability of a small cell can be synchronized with its neighboring cells to meet the target requirement (1.33us). To address a worst case where two small cells may have different clock sources, we assume that the synchronization error between two eNBs without consideration of propagation delay should be less than 1.33us and for the simplicity, in this evaluation, a eNB is assumed that it is synchronized with its neighboring cells if the synchronization error against the clock source is less than 0.67us. 
4 Enhancement on network listening

To address network synchronization using network listening and enhance the synchronization accuracy in a multi-hop case, two approaches can be considered. First approach is to limit the maximum hop counts and perform network synchronization for all eNBs within the maximum hop counts regardless of coverage overlap or interference. This approach to meet the target accuracy, tighter synchronization accuracy per hop is necessary (e.g., 0.375us per hop to satisfy maximum three hops [3]). By limiting the hop count, this approach leaves cases where two eNBs with coverage overlap may not be synchronized. Thus, a eNB may not claim itself as synchronized even though it satisfies the tighter per-hop synchronization accuracy requirement if it has eNBs having coverage overlap which may be synchronized against different clock source as illustrated in below. 
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Figure 2. Illustration of asynchronous case

Furthermore, to enhance per-hop accuracy, handling of propagation delay is necessary as well as SINR enhancement such as via muting. Thus, this approach requires some resource coordination and potentially muting overhead. Also, since it should limit the maximum allowed synchronization error per hop against maximum hop count that system can support (e.g., set the SINR threshold higher per hop), it will likely to increase the number of eNBs in the system which cannot find a proper clock source or donor eNB. 
Observation 2: Tightening per-hop synchronization accuracy may not address all the cases of network synchronization based on network listening.
Another approach is to enhance the selection and decision procedure to enhance the overall accuracy. In a small cell scenario, it is likely that one eNB have multiple clock sources or donor eNBs to perform network listening against. The SINR for each eNB will be different and it is obviously better to choose a eNB with highest SINR for network listening. However, in a multi-hop situation, it is not always true that higher SINR eNB can result higher synchronization accuracy due to accumulated synchronization errors in previous hops. One simple example is that synchronization error with network listening against a macro cell (1-hop) may result in higher synchronization error than against a neighbor small cell (multi-hop) due to propagation delay. With currently specified mechanism of stratum level and synchronous state exchange among eNBs, enhancement on selection procedure will be limited. Thus, enhancement to capture information such as synchronization accuracy that each eNB can achieve may be also considered to assist selection process. The last selection (Accuracy-based selection) is somewhat ideal selection where each eNB selects a donor eNB which has the lowest synchronization error (including propagated error). If this applies, synchronization probability can be increased up to 90% from 61%. 
Regardless of potential enhancements on network listening technique, it is expected that network listening may have limitation to meet the target accuracy in some scenarios. One example is the maximum number of hops network listening can achieve the synchronization due to propagated synchronization error over the hops. Thus, there are eNBs which may not be synchronized or is partially synchronized. Here, partially synchronized refers to the case it is synchronized against a clock source, yet, it may not be synchronized with some of coverage overlapped eNBs. With current mechanism, these eNBs may announce their state as asynchronous. Depending on use-cases, however, each eNB may not be required to be synchronized with all coverage overlapped eNBs within a target requirement. For example, synchronization among inter-cluster may not be necessary. Thus, clarification and necessary enhancement should be further investigated to address the synchronization state. One example could be that each eNB may be configured with a set of neighbor eNBs which needs to be synchronized. If it is synchronized with those configured eNBs, it can declare as synchronized.  Also, cell discovery to identify coverage overlapped eNBs may also be necessary.
Proposal 2: Necessary signalling enhancements to assist network synchronization in terms of donor eNB selection and decision process on state of synchronous or asynchronous should be further considered. 

5 Conclusion

This contribution discussed on achievable synchronization accuracy and considerations to enhance the synchronization accuracy.  The proposals and observations are as follows.
Proposal1: How to determine “synchronous” vs. “asynchronous” status of a cell should be clarified.
Observation1: Sharing donor eNBs among eNBs with overlapped coverage helps synchronization accuracy. 
Observation 2: Tightening per-hop synchronization accuracy may not address all the cases of network synchronization based on network listening.
Proposal 2: Necessary signalling enhancements to assist network synchronization in terms of donor eNB selection and decision process on state of synchronous or asynchronous should be further considered. 

6 References

[1] 
TR 36.922, “Study Evolved Universal Terrestrial Radio Access (E-UTRA); TDD Home eNode B (HeNB) Radio Frequency (RF) requirements analysis.”
[2]
R1-134966, “Evaluation assumptions for RIBS”, Huawei, HiSilicon, CATR, CATT, CMCC
[3] 
R1-134580, “Evaluation of air-interface based small cell synchronization”, CMCC
[4] 
R1-133514, “Evaluations on network listening synchronization methods”,  Huawei, HiSilicon
_1444813347.vsd
�

0.375us


3us


Clock source


Clock source


Not synchronized


0.375us


0.375us



