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1.  

Introduction
At RAN#71 meeting, a new work item on "Further Indoor Positioning Enhancements for UTRA and LTE" was agreed [1]. The objectives of this work item include the addition of PRS-based Terrestrial Beacon Systems:


"Add support for TBS positioning based on PRS-based signals: Define physical layer design, core requirements 
and corresponding procedures/signalling [RAN1, RAN2, RAN3, RAN4]."
At RAN1#85, it was agreed as a starting point [2]:

For PRS-based TBS, as a starting point for Rel-14 WI, RAN1 decides to prioritize the following:

· Support PRS-based TBS where the TPs transmit positioning reference signals with the same general design as defined for eNBs in Rel-14.

· The PRS for the TBS TPs can be configured in up to all 10 subframes within a radio frame.

· The PRS for the TBS TPs can be configured in up to all radio frames of a DL carrier.

At RAN1#86, additional PRS configurations for PRS-based TBS were agreed, and summarized in the LS from RAN1 [3].

In this contribution, we propose the required Stage 2 and Stage 3 (LPP, LPPa) changes to support PRS-based TBS.
2. 

Background
In [4], a PRS-based TBS with self-contained signalling was proposed, which could operate as a standalone system independent of the E-UTRAN. Three types of TBS Transmission Points (TPs) were proposed, including a TBS TP which transmits PRS only. Due to limited RAN1 TUs available for this Work Item, only PRS-only TPs for TBS are considered [3].
If the PRS-based TBS TPs transmit PRS only, the TBS TPs can only be used as additional neighbour TPs for OTDOA, and the OTDOA assistance data must contain all information required by the UE to perform the RSTD measurements. 
PRS-only TPs can be considered as additional TPs, similar to the TPs for OTDOA support in a shared cell ID scenario [5] (e.g., Remote Radio Heads). 

NOTE: 
Instead of "cell" the more general term "transmission point" is used. In heterogeneous 



networks, where e.g., pico cells or Remote Radio Heads are placed inside the macro cell 



coverage area in order to increase network capacity, the concept of "cell identity" is no longer 


as straight forward since it is possible to assign to the picos/RRHs, etc. the same cell identities 


as to the macro cells. Therefore, "Transmission Points (TPs)" were defined in [6] as "a set of 


geographically co-located transmit antennas". Thus, one cell can be formed by one or multiple 


transmission points.  For a homogeneous deployment, one can typically assume that each 



"transmission point" corresponds to a "cell".
To support OTDOA in a shared Cell-ID scenario, a Transmission Point ID (TP-ID) was introduced in [5]. The same concept can be used to identify a PRS-only TP for TBS. Assignment of TP-IDs is a network configuration issue.
Observation 1: A PRS-only TP can be unambiguously identified with the existing identifiers in LPP; i.e, 


PCI and/or PRS-ID and/or TP-ID.

The OTDOA assistance data information enable the UE to perform neighbour cell/TP RSTD measurements. The information about e.g., expected RSTD, search window and PRS subframe offset allow the UE to generate an appropriate replica PRS and estimate the RSTD. The expected RSTD etc. is defined relative to the timing of the assistance data reference cell. If the assistance data reference cell is different from the UE serving cell, the timing is usually not known to the UE, and the UE is required to decode PBCH and acquire SFN of the assistance data reference cell. However, this is not possible for a PRS-only TP.

Furthermore, the muting configuration for all cells in the OTDOA assistance data is defined with respect to SFN=0 of the assistance data reference cell [7]. If the assistance data reference cell is not the UE serving cell, the UE would be required to obtain the SFN of a non-serving cell (usually by decoding PBCH), which is however, not possible for a PRS-only TP. 

Therefore:

Observation 2: A PRS-only TP cannot be used as assistance data reference cell.
The location report (LPP OTDOA Signal Measurement Information) includes a time stamp in form of the system frame number (SFN) of the RSTD reference cell during which the most recent neighbour cell measurement was performed by the UE [7]. A system frame number cannot be obtained from a PRS-only TP.  Therefore:
Observation 3: A PRS-only TP cannot be used as RSTD reference cell. 
From a PRS-only TP operation point of view, the above observations result in the following requirement, as also summarized in [3]:
Requirement 1: The OTDOA Assistance data shall indicate that the particular assistance is provided for a 



PRS-only TP.


3. 

Stage 2 Impacts

As discussed in section 2 above, PRS-only TPs can be treated similar to other TPs, such as Remote Radio Heads in a shared cell ID scenario. 
The required Stage 2 changes include (most of them are also required for OTDOA support in shared cell-id scenarios [5]):

· Adding the definition for "Transmission Points (TPs)" and "PRS-only TPs".

· Clarify that the downlink (OTDOA) positioning IEs and procedures are also applicable to PRS-based TBS.

· Clarify that downlink (OTDOA) measurements are made from multiple TPs (not necessarily from multiple "cells" or "eNodeBs").
· Add "TPs" to the E-UTRAN positioning architecture, which may be controlled by the eNodeB. 
· Add "TPs" to the E-UTRAN positioning architecture, which may not be controlled by the eNodeB, but via e.g., E-SMLC, O&M, or other mechanisms external to the E-UTRAN.
· Clarify the LPPa downlink (OTDOA) positioning support in the presence of TPs (to be reviewed by RAN3 [8]). 
· Add the (already in [5] introduced) TP-ID to the OTDOA information elements.
A corresponding draft CR to 36.305 is proposed in [9].
4. 

LPP Impacts

As discussed in section 2 above, PRS-only TPs can be treated similar to other TPs, such as Remote Radio Heads in a shared cell ID scenario. Therefore, the additional changes required to support PRS-only TPs are added on top of the baseline CR for OTDOA Enhancements in a Shared Cell ID Scenario [5]. 
–
OTDOA-ProvideAssistanceData

The OTDOA assistance data are provided for a reference cell and several neighbour cells. However, also for OTDOA in a shared cell-id scenario, the reference and neighbour "cell" assistance can be provided for a portion of a cell, e.g., idendified by a TP-ID. Therefore, it is clarified that the term "cell" refers to "transmission point (TP)", unless distinguished in the field descriptions. Due to support of cells containing multiple TPs and PRS-only TPs not associated with cells, the term "cell" as used in section 6.5.1 (OTDOA Positioning) may not always correspond to a cell for the E‑UTRAN.
NOTE: 
An alternative would be to replace the word "cell" with "TP" throughout much of section 6.5.1 (OTDOA Positioning). But as the ASN.1 refers to "cells", this may be less desired.
–
OTDOA-ReferenceCellInfo
The OTDOA-ReferenceCellInfo IE can include a TP-ID and/or a PRS-ID for the shared cell-id scenario [5]. Since a PRS‑only TP can not be used as assistance data reference cell, no additional changes for PRS-based TBS are required in this IE.

–
PRS-Info
For PRS-based TBS, additional PRS configurations were agreed by RAN1, and summarized in the LS from RAN1 [3]. These additional configuration options need to be added to the PRS-Info IE:
· NPRS can be an integer between 1 and 160 subframes.

· Additional prs-ConfigurationIndex values (already supported in ASN.1).
· Additional PRS muting bit string lengths (TREP): 32, 64, 128, 256, 512, and 1024 bits.
–
OTDOA-NeighbourCellInfoList
The OTDOA-NeighbourCellInfoList IE already includes the TP-ID [5]. The TP-ID, together with the PCI and the PRS-ID is sufficient to identify the PRS-only TP. Assignment of TP-ID/PCI/PRS-ID for PRS-only TPs is a network configuration issue. For example, a network may use a reserved value range for the PRS-IDs and/or TP-IDs for PRS-only TPs. 
As discussed in section 2 above, and summarized in the LS from RAN1 [3], the UE needs to know whether the provided neighbour "cell" assistance is for a PRS-only TP (e.g., in order not to attempt decoding a SFN). For this, a simple flag in the OTDOA-NeighbourCellInfoElement would be sufficient.
–
OTDOA-SignalMeasurementInformation

The OTDOA-SignalMeasurementInformation IE already includes the TP ID [5]. To unambiguously identify the TP RSTD measurements, the PRS-ID may be needed in addition. 

Note, the PRS-ID in the RSTD measurement report would also be needed if the PRS-ID is used to solve any PCI ambiguity problems for "normal" OTDOA (i.e., not only for the shared cell-id scenario or PRS-based TBS).  
For example:

OTDOA in shared cell-id scenario using different muting pattern:  


The server would provide a TP-ID in the assistance data (and TP specific muting pattern), and the UE would 
include the TP-ID in the measurement report.

OTDOA in shared cell-id scenario using different PRS-IDs:


The server would provide the PRS-ID in the assistance data (probably together with a TP-ID, but not necessarily 
needed), and the UE would include the PRS-ID (probably together with a TP-ID, if received) in the measurement 
report.

OTDOA with ambiguous cells (PCI ambiguity):


The server would provide the PRS-ID in the assistance data (and usually no TP-ID is needed), and the UE would 
include the PRS-ID in the measurement report.

PRS-based TBS TPs:


The server would provide the PRS-ID in the assistance data (usually together with a TP-ID), and the UE would 
include the PRS-ID (usually together with a TP-ID, if received) in the measurement report.

Therefore, the PRS-ID is added to the OTDOA-SignalMeasurementInformation IE, and the UE would include this field in the OTDOA-SignalMeasurementInformation if a PRS-ID was provided in the OTDOA-ProvideAssistanceData.
–
OTDOA-ProvideCapabilities
New UE capabilities are needed for the additional PRS configurations and for RSTD measurements for PRS-only TPs.

A corresponding draft CR to 36.355 is proposed in [10], where the additional changes compared to [5] are highlighted in yellow.

5. 

LPPa Impacts

The OTDOA INFORMATION EXCHANGE procedure may be used to transfer assistance data from the eNodeB to the E-SMLC [11]. As currently specified in LPPa [11], an eNodeB may control (or serve) multiple cells. With the introduction of "Transmission Points (TPs)", the term "cell" for OTDOA needs to be clarified, similar as discussed in section 3 and 4 above. In particular, a "cell" can have multiple TPs, and PRS-only TPs are not associated with a cell. However, the current "OTDOA Cell Information" in LPPa, which includes Cell-IDs, PRS configuration, and access point location, can be used for TPs in the same way as currently used for "cells". Therefore, an eNodeB may control multiple TPs, including PRS-only TPs. The TP-ID, PRS-ID, additional PRS configurations, and an indication of PRS-only TP [3] can be added to the existing "OTDOA Cell Information". In that way, an eNodeB provides assistance data for all controlled TPs to the E-SMLC (the legacy case of "TP = cell" would still be included). This would enable all use cases mentioned in section 4 above (i.e., OTDOA in shared cell-id scenario using different muting pattern,  OTDOA in shared cell-id scenario using different PRS-IDs, OTDOA with ambiguous cells (PCI ambiguity), and PRS-based TBS TPs).
Currently, the maximum number of "cells" controlled by an eNodeB can be 256. With the introduction of TPs, an eNodeB may possibly control more than 256 TPs. Therefore, the OTDOA INFORMATION RESPONSE is proposed to be extended to enable assistance data delivery for up to 4096 TPs controlled by an eNodeB.
The required LPPa changes can be summarized as follows (most of them are also required for OTDOA support in shared cell-id scenarios):
· Adding the definition for "Transmission Points (TPs)" and "PRS-only TPs".

· Allowing up to 4096 TPs controlled by an eNodeB.

· Adding to the "OTDOA Cell Information" the following fields: 
· PRS-ID;

· TP-ID;

· Information whether the TP is a PRS-only TP (TP-Type);

· Additional PRS configurations [3].

A corresponding draft CR to 36.455 is proposed in [12].
6.

Summary

In this contribution, we discussed the Stage 2 (36.305) and Stage 3 (36.355, 36.455) impacts to support PRS-based TBS using PRS-only TPs. It was shown that the PRS-only TPs can be treated similar to other TPs for OTDOA positioning, such as Remote Radio Heads in a shared cell ID scenario for example. 
Therefore, the LPP (36.355) changes required to support PRS-only TBS TPs are added on top of the baseline CR for OTDOA Enhancements in a Shared Cell ID Scenario [5]. A corresponding draft CR to 3GPP TS 36.355 is proposed in [10]. The Stage 2 CR (36.305) is proposed in [9], which includes also the Stage 2 changes required to support OTDOA in a shared cell-id scenario [5].
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