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1   Introduction
At RAN3-89bis a discussion was carried out on the problem and solutions to compensate propagation delays in RIBS. 

In [1] the problem of propagation delays affecting the performance of RIBS was presented. It was explained that propagation delays account for a large portion of the overall synchronization error because they not only depend on the distance between synchronization source eNB and synchronization target eNB, but also because such delays add up with the number of synchronization hops. 
It was shown that for a three hops synchronisation where inter site distance between involved eNBs is of ~300m, propagation delays can easily reach 3µs, which is the maximum synchronisation error allowed in TDD.
It was therefore agreed at RAN3-89bis that the propagation delay problem for RIBS is acknowledged.

In this contribution a solution is presented that addresses propagation delays in RIBS in a simple and effective way.

2   Proposed Solution for Propagation Delay Compensation
RIBS is a technique that should be able to work in various scenarios, from small indoor cells to metro cell deployments. In general RIBS should be an effective synchronisation option when GNSS and network based solutions are not available (e.g. due to lack of sky view or due to non-ideal backhaul). Therefore, a solution that allows for propagation delay compensation in RIBS shall be able to perform well in all possible scenarios.
Observation 1: Solutions for propagation delay compensation shall be able to cope with all possible cell deployment scenarios

Propagation delays can be affected by multipath transmission. However, the predominant (or close to predominant) contribution to the multipath signal is typically due to the direct signal, whose propagation delay corresponding to the LoS distance between two transmission points. 
To understand this it would suffice to think that a synchronisation target eNB is equivalent to a UE. The ITU defines channel models specifications in [3], where the deviation from LoS delay of a channel’s multi-paths between an eNB and a UE is identified. Note that such channel models are approved by 3GPP and in use by RAN1 in several work items, e.g. V2x.
A reasonable receiver implementation detects the received signal timing based on timing of the first detected signal reflection. This is for example the definition of reference timing used by UEs since LTE Rel-8 [4] and it makes sense to take it as a reasonable assumption also for RIBS. 
For example, if the Urban Micro cell in non LoS model is considered (which maps well to a scenario where RIBS could be used) it can be seen that the strongest non LoS path is affected by an extra delay of 20ns with respect to the LoS delay (see [3], Table A1-12, cluster#3). Such extra delay is negligible. 
At the same time, if the Urban Macro cell in non LoS is considered, the same is observed, namely a strong non LoS path (see [3], Table A1-15, cluster#3) is affected by an extra delay of 20ns. 
Therefore it can be deduced that compensation of LoS propagation delays in situations of typical multipath allows for the correction of the major portion of propagation delay error. 

Observation 2: Compensation of LoS propagation delays leads to correction of the major portion of propagation delay error.

During RAN3-89bis it was asked whether LoS propagation delay compensation can cope with scenarios where synchronisation reference signals are transmitted by more than one transmission point. Multiple reception of the same signal is a well-known concept in telecommunication. In the large majority of cases the signal received first by the synchronisation target eNB would be the one from the closest Transmission Point (TP). Once this signal is received there is no need for the synchronisation target to decode any further signal. 
Therefore, compensation of propagation delay for the closest transmission point will provide the most accurate results in the large majority of cases.
In the unlikely event that the first available signal received by the synchronisation target is from a TP located further, compensation of propagation delays for the closest TP still provides accuracy improvements. This is shown in Figure 1. 
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Figure 1: Single cell served by multiple TPs

Observation3: Compensation of propagation delay relative to the closest transmission point is in the majority of cases addressing the correct transmission point and leads always to removal of the major portion of propagation delay error
One straightforward way to allow for propagation delay compensation is to inform the synchronization target of the position of potential synchronization source TP. Indeed, an eNB can be configured with the position of its transmission points, as specified in TS 28.632 with the configuration parameters below:
	Attribute Name
	Documentation and Allowed Values
	Properties

	baseElevation
	The elevation in meters above sea level at the base of the antenna structure. This value, when subtracted from height (see TS 28.662 [5]), provides the height of the antenna above the ground. 

Note: The value of this attribute has no operational impact on the network, e.g. the NE behavior is not affected by the value setting of this attribute.  Note as well that this attribute is not supported over the Iuant interface according to Ref. 3GPP TS 25.466 [12].

allowedValues: An integral value representing a number of meters in 0.1 meter increments.
	type: Integer

multiplicity: 1

isOrdered: N/A

isUnique: N/A

defaultValue: None

isNullable: True



	Latitude
	The latitude of the antenna location based on World Geodetic System (1984 version) global reference frame (WGS 84). Positive values correspond to the northern hemisphere. 

Note: The value of this attribute has no operational impact on the network, e.g. the NE behavior is not affected by the value setting of this attribute.  Note as well that this attribute is not supported over the Iuant interface according to Ref. 3GPP TS 25.466 [12].

allowedValues: Valid values described in 3GPP TS 23.032 [13].
	type: Real

multiplicity: 1

isOrdered: N/A

isUnique: N/A

defaultValue: None

isNullable: True

	Longitude
	The longitude of the antenna location based on World Geodetic System (1984 version) global reference frame (WGS 84). Positive values correspond to degrees east of 0 degrees longitude. 

Note: The value of this attribute has no operational impact on the network, e.g. the NE behavior is not affected by the value setting of this attribute.  Note as well that this attribute is not supported over the Iuant interface according to Ref. 3GPP TS 25.466 [12].

allowedValues: Valid values described in 3GPP TS 23.032 [13].
	type: Real

multiplicity: 1

isOrdered: N/A

isUnique: N/A

defaultValue: None

isNullable: True


The information above needs to be configured in an eNB because they are essential to support UE positioning functions. In fact, TS36.455 specifies that an eNB receiving an OTDOA INFORMATION REQUEST message requesting “e-UTRANAccessPointPosition” shall reply with the geolocation coordinates of its transmission points. Therefore it is very likely that the eNB will have transmission point location information configured. Obviously, the enhancements proposed with the solution herein would not apply to those eNBs not able to provide geolocation information for their transmission points.
It shall also be noted that the standard should not take as reference scenarios those where TP location information are misconfigured. Indeed, such error would not allow the operator to be compliant with positioning requirements from regulators hence the scenario that should be assumed is one where TP location is known with sufficient accuracy.

Observation 4: the reference scenario is one where eNBs are configured with TP location information and where such information is sufficiently accurate

In order to allow for delay propagation to be compensated when synchronising over the air, a synchronisation target would need to know the location of the synchronisation source transmission point. Once this location is known the relative distance between transmission and reception points can be calculated and the line of sight propagation delay can be compensated.
Together with the transmission point location it would be beneficial to indicate the cells that are served by that transmission point. This is because an eNB that wants to perform OTA synchronisation would send a time synchronisation information request to the eNB serving the best synchronisation source cell. However, the Time Synchronisation Information received is per eNB and not per cell. Hence, the synchronisation target would need to know what is the position of the transmission point serving the selected source synchronisation cell.
The method identified so far by a number of companies as the most suitable to exchange TP location information is to add such information in the Time Synchronisation Information IE in the form of location coordinates associated to a list of cells served by the corresponding transmission point. This method is in line with the current signalling structure of the RIBS procedures, which are run over the S1 interface.
Given that this option entails that the information can be exchanged by means of S1 interface signalling and at the same time of acquisition of information needed for RIBS, the advantage is that location information are exchanged only when required, i.e. at the time of requesting the time synchronisation information.
Note that the location information can be provided in a way already used in TS36.331 for the LocationInfo IE expressing UE location information. Namely, the location information for the transmission point could be expressed as the Ellipsoid Point With Altitude specified in TS36.355 as follows

-------------------------------------------------------

EllipsoidPointWithAltitude

The IE EllipsoidPointWithAltitude is used to describe a geographic shape as defined in 3GPP TS 23.032 [15]. 

-- ASN1START

EllipsoidPointWithAltitude ::= SEQUENCE {


latitudeSign



ENUMERATED {north, south},


degreesLatitude



INTEGER (0..8388607),


-- 23 bit field


degreesLongitude


INTEGER (-8388608..8388607),
-- 24 bit field


altitudeDirection


ENUMERATED {height, depth},


altitude




INTEGER (0..32767)



-- 15 bit field

}

-- ASN1STOP

-------------------------------------------------------

The descriptions of how latitude, longitude and altitude are encoded in the Ellipsoid Point With Altitude can be found in TS23.032 section 6.1 and 6.3.

Proposal1: It is proposed to support signalling of transmission point location information as part of RIBS signalling. Such information could be made part of the Time Synchronisation Information IE
3   Conclusion 

In [1] the problem of propagation delays in RIBS was described. This problem was acknowledged during RAN3-89bis.

This paper analysed the principles of LoS propagation delays corrections and explained why such correction is beneficial. The following observations were made in this respect:
Observation 1: Solutions for propagation delay compensation shall be able to cope with all possible cell deployment scenarios

Observation 2: Compensation of LoS propagation delays leads to correction of the major portion of propagation delay error.

Observation3: Compensation of propagation delay relative to the closest transmission point is in the majority of cases addressing the correct transmission point and leads always to removal of the major portion of propagation delay error

Observation 4: the reference scenario is one where eNBs are configured with TP location information and where such information is sufficiently accurate

The paper presented a solution to enhance RIBS with information that allows to compensate LoS propagation delays. This information consists of the geolocation of transmission points from which cell reference signals are transmitted. Therefore, the following is proposed:
Proposal1: It is proposed to support signalling of transmission point location information as part of RIBS signalling. Such information could be made part of the Time Synchronisation Information IE

In line with Proposal 1 it is suggested to agree to the CR in [2]
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