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Introduction

In TDD mode, Inter-Node-B Node Synchronisation may be achieved via a standardised synchronisation port that allows to synchronise the Node B to an external reference. This option is described in section 6.1.2.1 of TS 25.402 V3.4.0.

This document proposes to add an additional requirement for the behaviour of Node B’s timers, if this synchronisation port is used. This is seen necessary to ensure multi-vendor interoperability in such case.

Description of current Situation in RAN Technical Specifications

At TSG RAN WG3 meeting #16 (Windsor, UK) it has been decided to add a requirement for the synchronisation network delivering the synchronisation network to the standardised Node B synchronisation port. The resulting requirements for Node B behaviour are outlined in figure 1.
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Figure 1:
Current situation for Node B timing behaviour

Possible Implication in Multi-Vendor Scenario

As an achievement from RAN3#16, Node B designers can safely rely on behaviour of synchroni​sation signal at SynchIn port. However, despite the requirements depicted in figure 1, the follow​ing situation could arise:

A Manufacturer A could choose to fulfil the requirements from RAN specifications whilst using a very tight coupling between the timing signal at the Synch-In port and the frame timing of Uu, i.e. a small (T_in_Uu.

A Manufacturer B could choose to fulfil the requirements from RAN specifications whilst using a certain offset between the timing signal at the Synch-In port and the frame timing of Uu, i.e. a large (T_in_Uu. However, if the application of this offset fulfils acceptable accuracy requirements, the requirement on (T_Uu_Uu from TS 25.123 is nevertheless fulfilled. 

As long as an operator uses only Node Bs from one manufacturer, everything is fine and all requirements are met. However, a mix of Node Bs from different manufacturers may lead to trouble, as can be seen from the example:

Manufacturer
(T_in_Uu

A
0 ... 0.2µs

B
1 ... 1.2µs

Despite the synchronisation source is fulfilling the requirements given in TS25.402, the resulting time difference on Air Interface between these Node Bs could be in the region of 

(T_Uu(A)_Uu(B) = min((T_in_Uu(A)) + max((T_in_in) + max((T_in_Uu(B)) = 0 ... 3.7µs.

Thus, meeting the requirements from TS 25.123 is not guaranteed.

Proposed solution

The proposal is to restrict the possible values of (T_in_Uu to the range 0 ... 0.5µs (Note: This assumes that the delay should only be positive).

An proposal for the corresponding CR (without cover sheet yet) can be found at the end of this contribution. If supported by RAN WG3, proponents will provide regular CR to 25.402.

Side Issue

In addition to the issue above, the reference to TS25.123 in section 6.1.2.1 of TS25.402 could be misleading with respect to the actual content of TS25.123. It is proposed to clean up this reference with same CR. For convenience, the referenced text from TS25.123 “Requirements for Support of Radio Resources Management (TDD)”, v3.4.0, is shown below:

7.2
Cell synchronization accuracy

7.2.1
Definition

Cell synchronization accuracy is defined as the maximum deviation in frame start times between any pair of cells that have overlapping coverage areas.

7.2.2
Minimum requirements

The cell synchronization accuracy shall be better than or equal to 3µs.

Annex to R3-010303: Proposal for CR on TS25.402 v 3.4.0:

Additional Requirement for Timing Behaviour of Node B
6.1.2
Inter Node B Node Synchronisation

In the FDD mode Inter Node B Node Synchronisation could be reached via the RNC-Node B Node Synchronisation in order to determine inter Node B timing reference relations.

This could be used to determine Inter-cell relationships (considering T_cell) which can be used in the neighbour cell lists in order to speed up and simplify cell search done by UE at handover.

In TDD Inter Node B Node Synchronisation is used to achieve a common timing reference among Node B's (see Figure 5), that allows to support Intercell Synchronisation.
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Figure 1: Synchronisation of BFNs through TDD Inter Node B Synchronisation

In TDD Inter Node B Node Synchronisation may be achieved via a standardised synchronisation port (see subclause 6.1.2.1) that allows to synchronise the Node B to an external reference.

6.1.2.1
TDD Node B Synchronisation Ports

This subclause defines the Node B input and an output synchronisation ports that can be used for Inter Node B Node Synchronisation. These synchronisation ports are optional.

The input synchronisation port (SYNC IN) allows the Node B to be synchronised to an external reference (e.g. GPS), while the output synchronisation port (SYNC OUT) allows the Node B to synchronise directly another Node B (see Figure 6).
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Figure 6: Usage of Synchronisation Ports

This allows connecting Node B's in a daisy chain configuration, so that a single external reference is enough and all remaining nodes B can be synchronised (e.g. in case of indoor operation).

The Node B starts the synchronisation to the external reference when a valid input synchronisation signal is detected at the input synchronisation port.

If a valid synchronisation signal is detected, the Node B regenerates that signal at its output synchronisation port.

The electrical characteristics of the synchronisation ports shall conform to RS422 [6] (output synchronisation port: subclause 4.1; input synchronisation port: subclause 4.2).

The synchronisation signal (illustrated in Figure 7) is a 100 Hz signal having positive pulses of width between 5 (s and 1 ms, except when SFN mod 256 = 0 (every 256th pulse), which has a pulse width between 2 ms and 5 ms. This signal establishes the 10 ms frame interval and the 2.56 s multiframe interval. The start of all frames in the cell of the node B is defined by the falling edge of the pulse. The required accuracy for the phase difference between the start of the 10ms frame interval is defined in [15]. The time delay from the falling edge of the signal at the SYNC IN  port to the start of the transmitted radio frame shall not exceed 500ns.
The start of the 256 frame period is defined by the falling edge of the pulse corresponding to the frames where SFN mod 256 =0 (i.e. of width between 2 ms and 5 ms).

The synchronisation signal at the input port shall have frequency accuracy better than the one of the Node B.

The relative phase difference of the synchronisation signals at the input port of any Node B in the synchronised area shall not exceed 2.5 (s.
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Figure 7: Synchronisation signal

Synchronisation by a GPS receiver

The signal transmitted by a Global Positioning System (GPS) satellite indicates the GPS time that provides an absolute time reference. This makes the GPS receiver suitable for Inter Node B Node Synchronisation.

Inter Node B Node Synchronisation is achieved by relating the synchronisation signal (at the input synchronisation port to the GPS signal. Since the period of this signal is 2.56 s, this implies that every 6400 frames the start of a 256 frame period coincides with an integer GPS second, i.e. a multiframe shall start when GPS time mod 64 = 0.
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