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Foreword

This Technical Report has been produced by the 3rd Generation Partnership Project (3GPP).

The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:

Version x.y.z

where:

x
the first digit:

1
presented to TSG for information;

2
presented to TSG for approval;

3
or greater indicates TSG approved document under change control.

y
the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.

z
the third digit is incremented when editorial only changes have been incorporated in the document.

Introduction

1
Scope

The present document captures the results of the study item on Network Assistance for Network Synchronization in LTE in RP-151084 [2]. It identifies the existing LTE functions that may need network based synchronization and their synchronization-related requirements, and reviews and compares techniques for enhancement of RAN functionality. 
2
References

The following documents contain provisions which, through reference in this text, constitute provisions of the present document.

-
References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.

-
For a specific reference, subsequent revisions do not apply.

-
For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.

[1]
3GPP TR 21.905: "Vocabulary for 3GPP Specifications".

[2]
RP-151084, "Study on Network Assistance for Network Synchronization in LTE".
[3]
3GPP TS 36.133: "Requirements for support of radio resource management".

3
Definitions, symbols and abbreviations
3.1
Definitions

For the purposes of the present document, the terms and definitions given in 3GPP TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in 3GPP TR 21.905 [1].

example: text used to clarify abstract rules by applying them literally.

3.2
Symbols

For the purposes of the present document, the following symbols apply:

<symbol>
<Explanation>

3.3
Abbreviations

For the purposes of the present document, the abbreviations given in 3GPP TR 21.905 [1] and the following apply. 
An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in 3GPP TR 21.905 [1].

<ACRONYM>
<Explanation>

4
General

The aim of the study is as captured in the SI description document [2]:
· Study the possible radio network based methods to provide a low cost way for the operators to synchronize their LTE networks where the current synchronization mechanism(s) does not work.
· Avoid duplication of functionalities with respect to specified functions, in order to maintain costs and complexity to the minimum.

The solutions without UE impacts should be taken into account to provide a synchronisation accuracy comparable with existing solutions and meet current requirements.
4.1 
Objective

It is expected that the candidate network based synchronization solutions should be able to meet the following conditions: 

· implement with low complexity to help reduce the cost;

· meet the current synchronization requirement for features;
· provide added value with respect to existing solutions;
· without UE impact.
5
Requirements and Solutions

5.1 
Existing requirements
According to TS 36.133 [3], the basic requirement for synchronisation between any pair of cells on the same frequency that have overlapping coverage areas in LTE TDD network is 3 (s (phase deviation between two neighbour cells). The synchronization accuracy is measured at the BS antenna connector.  For macro eNBs ("wide area BS"), the requirement of 3 µs applies only if the cell radius <3 km. Above, the requirement is 10 µs.  Particular requirements apply for HeNB using network listening for synchronization.
There is no general requirement for LTE FDD network. Still, for the purpose of the present study it may also be beneficial to assume that the following definition is generally applicable (for all features, not only for TDD): "Cell phase synchronization accuracy is defined as the maximum absolute deviation in frame start timing between any pair of cells on the same frequency that have overlapping coverage areas." (TS 36.133 [3] subclause 7.4.1).
In order to support features listed below that can be deployed in parts of the LTE network, proposed synchronisation solutions shall be able to provide following phase deviation between two neighbour cells of different eNBs involved in the feature provisioning:

-
eICIC: FFS

-
CoMP: FFS

-
MBMS: FFS

-
Dual connectivity: 33 (s (TS 36.133 [3])

5.2
Evaluation Criteria

The solutions presented as part of this study shall be analysed with respect to the following evaluation criteria:

· Accuracy: Is the solution designed able to fulfill the existing requirements as described in this SI. 

· Added Value: Is the solution designed able to perform better than existing solutions and/or address the problem of synchronization in scenarios where other solutions do not work. [This Evaluation Criteria is FFS]
· Availability: Can the solution work in a stand-alone way, i.e. without the need of other phase synchronization functions

· Triggering of synchronisation updates: Can the solution trigger independent, periodic or event based updates, whenever there is a need for it[This Evaluation Criteria is FFS]
· Synchronisation signal robustness: Is the synchronisation signal adopted robust enough, e.g. subject to reduced interference

· Impacts on network: Are interfaces going to be modified and how. Is network capacity going to be impacted and how.
· Impacts on eNB: Is the eNB’s complexity going to be impacted and how. 
· Feasibility: [This Evaluation Criteria is FFS]
5.3 
Potential solutions
5.3.1 
Solution 1: Network based solution using detection of UE transmission 
This solution relies on a statistical approach where the eNB collects information from neighbours during handover events. This means that the solution will initially operate in an unsynchronised phase, until enough measurements have been collected. This also requires that the eNB use an external source of synchronisation (e.g. SyncE described in Annex A) to prevent the clock drift during the collection period.
5.3.1.1 

Solution 1a: Get the time difference of the cells without considering propagation delay

In order to identify the time difference, it is considered to reuse the existing signalling from UE to eNB, e.g., by sending the same RACH to two eNBs during handover procedure. Here in the example it is supposed that the propagation delay from the UE to one eNB and to another is the same, or the distance between UE to eNB is very small that can even be ignored.

It is proposed to reuse the existing signalling, like handover, as in Figure1. The UE will exchange information between two cells during handover. The timing of the received message could be achieved by the cells after sending one message to one eNB, while the other eNB is also listening to the same message, e.g., RACHs. The timing difference Tdiff of the two eNBs can be obtained from the following Equation1:
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Where,

Tdiff  is the timing difference of  source eNB and target eNB;

T1 is the timing when target eNB receives the preamble, while T2 is the timing when source eNB detects the preamble.
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Figure 1: Get time information without consideration of propagation delay

5.3.1.2 

Solution 1b: Get the time difference of the cells considering propagation delay

The extra procedure is needed to get the propagation delay between UE and eNB by Reference Signalling or by RACH. One possibility is that Uplink Synchronization procedure is triggered so that the RACH can be sent. Here in the example we use one extra RACH which is trigged by source eNB to get the TA from UE to source eNB. The source eNB will calculate the TA when it receives the RACH, and then the propagation delay could be calculated by using TA as Tp2 in Figure2. The propagation delay between UE and target eNB can also be achieved in the normal random access procedure for handover which is described as Tp1 in Figure2 based on another TA received.
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Figure 2: Get time information with consideration of the propagation delay

From Figure2 the timing difference of the two eNBs can be achieved from the following Equation2: 
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Where,

Tdiff is the timing difference between target eNB and source eNB,

T1 is the timing when target eNB receives the preamble and Tp1 is the propagation delay between UE and target eNB, while T2 is the timing when source eNB detects the preamble and Tp2 is the propagation delay between UE and source eNB.

The timing information of eNBs could be obtained by reusing the existing procedure, e.g., handover, and then be transferred over S1/X2 interfaces, e.g. UE CONTEXT RELEASE, by introducing some new IE.

5.3.1.3 

Exchange time information in the network

For the adjustment of the timing of the two cells to make them synchronized, there are following solutions for it:

One set of solutions assumes a distributed approach, where the slave eNB adjusts its synch to be aligned with the master eNB(s). Either the slave may simply uses the timing information collected to adjust the synch in a distributed manner, or as an extension, the eNBs can also exchange the measurements between each other, and then the slave may have more information when make decision.

Another option is that we assume a centralized approach, where is a master eNB that makes the decision how the slaves should adjust the synch. One possible way is that the master eNB collects the information and send a synch command to the slave eNBs.

Yet another option is to go for a more MDT like approach, where the eNBs report to OAM, and OAM may decide on any synch adjustments to the involved eNBs. The benefit of this approach is that OAM has a global view on the network. This would involve reporting of measurements to OAM and sending corrections from OAM.

Totally there are several approaches, i.e., the distributed way, the centralized way, or the statistical way like MDT, could be taken into account when exchange the time information for adjustment of time.

5.3.1.4 

A statistical approach

There are some statistical approaches which can be introduced to increase the accuracy of the synchronization.

When getting the timing difference during HO from one eNB to another, we will collect the timing information of the source eNB and the target eNB at the time point when they receive the preamble. We will collect the timing information for a period which lasts e.g. one or two hours. During this time period the HO between source eNB and the target eNB will happen for several times. The timing information of all of the HOs in the period will be recorded.

After getting all of the timing information, a sliding window is used to kick out the data which is out of the threshold. The left data will be averaged to get much higher accuracy of the timing difference of the two cells before the timing adjustment. 

5.3.2
Solution 2: OTA Synchronisation with Propagation Delay Compensation
The solution is based on achieving synchronisation of neighbouring base stations by means of detecting reference signals transmitted over the air (OTA) and detected via an UL receiver. The solution allows to calculate propagation delays of such reference signals from synchronisation source to synchronisation target. A general description of the solution is provided in the figure below:
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Figure 3: Description of synchronisation solution

From the figure above it can be seen that the solution introduces a first phase where a node in need to synchronise will request a neighbour node to start procedures for over the air signalling exchange.

In message 1 the node in need of synchronisation, eNB1, after detection of DL signals from a cell of eNB2, sends a request to start synchronisation procedures. In this request a specific cell identifier pointing at a cell of eNB2 with which synchronisation wants to be achieved could be included. 

In message 2, eNB2 responds with an acceptance message. In this message the following information are contained:

· Timing information specifying when the OTA signal from eNB1 will be transmitted. Such timing information could specify the SFN number and SF number with respect to eNB2’s SFN structure at the beginning of which a specific signal would be sent by eNB1. It has to be noted that such over the air signal could be an already existing one.

· Timing information specifying when the OTA signal from eNB2 will be transmitted. Such timing information could specify the SFN number and SF number with respect to eNB2 SFN structure for the system frame at the beginning of which a specific signal would be sent by eNB2. It has to be noted that such over the air signal could be an already existing one, for example this could be existing reference signals. It has to be also noted that eNB1 and eNB2 can detect each other’s signals, therefore they have knowledge of when SFNs start. 
This information could also be included in Message 1
· Identification of eNB1’s cell from which the OTA signal will be expected

In message 3 eNB1 sends a signalling message over the air, at the signalling time specified in message 2.At the time of sending such message a time stamp is generated by eNB1, such timestamp is named T1. At the time of reception of the message at eNB2 a new timestamp will be generated by eNB2, such timestamp is named T2. 

In message 4, eNB2 generates a new signalling message over the air towards eNB1. This message is sent at the time specified in message 2. At the time this new message is sent a new timestamp can be generated by eNB2, which will be called T3. At the time the latter message is received by eNB1, a new time stamp will be generated by eNB1, which will be called T4. 

In message 5, eNB2 signals timestamps T2 and T3 to eNB1 via the X2 interface. 
In step 6 eNB1 has the four time stamps available, T1, T2, T3 and T4. It should be reminded that eNB1 can synchronise to the reference signal of eNB2, but such synchronisation would be affected by propagation delays and multipath transmission, leading to a poor accuracy. By means of knowing the four timestamps, eNB1 can deduce the roundtrip delay between eNB1 and eNB2 by calculating 
Over the Air RTT = (T4-T1) – (T3-T2)
The propagation delay between eNB1 and eNB2 can be estimated by calculating 

Propagation Delay eNB1-eNB2 = (T4-T3)/2 + (T1-T2)/2.

Once the propagation delay between eNB1 and eNB2 is known, eNB1 can determine the offset to apply to the reference signal detected from eNB2. By applying such offset, eNB1 is able to perfectly synchronise to eNB2 and therefore achieve local synchronisation within a cluster of neighbouring cells.

The solution description above touches upon the main aspects of the function. The solution could be enhanced with other procedures such as exchanging information between nodes about their synchronisation status and stratum level. 

5.4 
Comparison of solutions
6
Conclusions

Annex A (informative):
Existing solutions
Table X.1 lists solutions that have been used so far to enable synchronisation in the E-UTRAN network.

Table X.1: Existing solutions

	Sync Method 
	Freq Sync 
(Achievable on the radio interface)
	Phase Sync 
(Achievable on the radio interface)
	Comment 

	Synchronous PDH / SDH / Synchronous Ethernet (SyncE) 
	±0.05 ppm or better
	—
	SyncE must be supported on all nodes in the sync chain. See applicable ITU-T recc. (G.803, G.813, G.8261, G.8262, etc.)

	IEEE1588 PTP for freq only sync 
	±0.05 ppm
	—
	It does not require on-path support between Master and Slave. Performance depends on load of network. See applicable ITU-T recc.(e.g. G.8261.1)

	IEEE1588 PTP for freq/phase sync  (partial timing support under study)
	±0.05 ppm
	250ns – 1.5(s
	See applicable ITU-T recc.(e.g. G.8271.1)

	Sattelite time reference (e.g. GPS)
	< ±0.01 ppm
	< 100ns
	Receiver antenna and cabling installation can be expensive in indoor installations.

	NTP (Network Timing Protocol) 
	±0.05 ppm
	FFS
	Depends on network characteristics (similar rules as for PTP apply in case of frequency sync; also in this case a specific clock recovery algorithm is required)

	RIBS Radio Interface Based Synchronization (3GPP R12) 
	±0.1 ppm
	2.5(s
	LTE-FDD: Requires capability to listen to sync source downlink frequency band
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