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1.  

Introduction
At RAN3 Meeting #93, a LS from RAN1 was received on OTDOA in a shared Cell-ID scenario, summarizing the RAN1 agreements [1]:
a) Support positioning related reporting by a UE corresponding to the respective PRS muting pattern per TP.
b) Support virtual cell ID per TP:
· Define 
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  for PRS sequence/vshift generation per TP,
· With  
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At RAN1 Meeting #86, RAN1 agreed on the value range for the PRS-ID (
[image: image3.wmf]PRS

ID

N

; value 0‑4095), as summarized in the RAN1 LS in [2].
At RAN1 Meeting #86, RAN1 also agreed to support a PRS-based Terrestrial Beacon System (TBS), where the PRS‑based TBS Transmission Points (TPs) transmit PRS only, together with additional PRS configuration options [3].

At RAN2 Meeting #95, RAN2 endorsed a baseline LPP CR for OTDOA enhancements in a shared Cell-ID scenario [4]. This CR introduces a "Transmission Point (TP) ID", to identify a TP (e.g., a Remote Radio Head (RRH)) associated with a "cell", and the PRS-ID mentioned above.  

The PRS-only TPs for Terrestrial Beacon Systems can be treated similar to other TPs, such as Remote Radio Heads in a shared cell ID scenario. Therefore, this contribution discusses the introduction of "Transmission Points" in LPPa for both, OTDOA Enhancements for the Shared Cell-ID Scenario, and PRS-based Terrestrial Beacon Systems (TBS).
2. 

Background
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 [5] as "a set of geographically co-located transmit antennas". Thus, one cell can be formed by one or multiple transmission points, as illustrated in Figure 1 below. For a homogeneous deployment, one can typically assume that each "transmission point" corresponds to a "cell".
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Figure 1: Scenario 3/4 - Network with low power RRHs within the macrocell coverage [5].
For Scenario 3 in Figure 1, the low power RRHs within the macrocell coverage have different cell IDs as the macro cell [5]; for Scenario 4, RRHs have the same cell IDs as the macro cell [5]. In the latter case, the TPs can be distinguished for OTDOA via a PRS-ID and/or via TP specific muting pattern [1, 6].
In [7], a PRS-based Terrestrial Beacon System (TBS) with self-contained signalling was proposed, which could operate as a standalone system independent of the E-UTRAN. Three types of TBS 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.
If the PRS-based TBS TPs transmit PRS only, the TBS TPs can only be used as additional neighbour TPs for OTDOA. The PRS-only TPs must be synchronized with other OTDOA cells/TPs and the OTDOA assistance data must contain all information required by the UE to perform the RSTD measurements, as discussed in [8]. 
Since a PRS-only TP cannot be used as OTDOA reference cell (e.g., the UE cannot obtain a system frame number (SFN) from a PRS-only TP), the assistance data must indicate that the particular assistance is provided for a PRS-only TP, as summarized in the RAN1 LS [3]. From a UE point of view, a PRS-only TP would be just another neighbour TP for OTDOA measurements. Therefore, the already introduced concept of PRS-ID and TP-ID [4] can also be used for PRS-only TPs. Assignment of TP-IDs/PRS-IDs 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. 
Therefore, the Figure 1 above would also be applicable for the PRS-based TBS TPs by replacing the "Low Tx Power RRH" with "TBS TP", or generally, just by "TP". In addition, also the "eNB" in Figure 1 would be just a "TP" for OTDOA measurements. An eNodeB may then control (or serve) several TPs, such as remote radio heads, small cells, or PRS-only TPs for support of PRS-based TBS, as illustrated in Figure 2 below.
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Figure 2: UE Positioning Architecture applicable to E-UTRAN.
An eNodeB may provide OTDOA assistance data to the E-SMLC using LPPa for all TPs controlled (or served) by the eNodeB. In some deployment options (as already mentioned in Stage 2 36.305 [9]), the assistance data may not be delivered from the eNodeB; they may also be delivered to the E-SMLC through O&M or other mechanism external to E-UTRAN (e.g., proprietary TP-to-E-SMLC signalling as shown in Figure 2 above).
With the introduction of "Transmission Points (TPs)", the term "cell" for OTDOA as used in various specifications (36.305 [9], 36.355 [10], 36.455 [11]) needs to be clarified. Based on the definition in [5], a Transmission Point is proposed to be defined as follows:

Transmission Point (TP): A set of geographically co-located transmit antennas for one cell, part of one 
cell or one PRS-only TP. Transmission Points can include base station (eNodeB) antennas, remote radio 
heads, a remote antenna of a base station, an antenna of a PRS-only TP, etc. One "cell" can be formed 
by one or multiple transmission points. For a homogeneous deployment, each "transmission point" may 
correspond to one "cell".


PRS-only TP: A TP which only transmits PRS signals for PRS-based TBS positioning and is not 
associated with a cell.
3. 

Stage 2 Impacts

As mentioned in section 2 above, a "Transmission Point" for OTDOA positioning is currently not well defined. Indeed, OTDOA descriptions in e.g., Stage 2 [9] and LPP [10] mention that signals are measured from "cells" or "eNodeB’s". But as mentioned in section 2 above, a "cell" can be formed by one or multiple TPs, which should also be clarified in Stage 2.   
The required Stage 2 changes for OTDOA support in shared cell-id scenarios and for PRS-based TBS are summarized as follows:

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

· Clarify that the downlink (OTDOA) positioning method 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 (served) by the eNodeB. 
· Add "TPs" to the E-UTRAN positioning architecture, which may not be controlled (served) 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. 
· Add the (already in [4] introduced) TP-ID to the OTDOA information elements.
A corresponding draft CR to 36.305 is proposed in [12], which is also submitted to RAN2#95bis [13].
4. 

LPP Impacts

The LPP impacts are summarized in a RAN2 contribution [14]. For PRS-based TBS, additional PRS configurations were agreed by RAN1, and summarized in the LS from RAN1 [3]. These additional PRS configuration options need to be added to the PRS-Info IE in LPP [15], but also to the LPPa procedure, as discussed in section 5 below:

· 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.
In RAN2 contribution [14], it is also clarified that the PRS-ID is not only useful for OTDOA in a shared cell-id scenario, but also useful to solve any PCI ambiguity problems for "normal" OTDOA. The use cases (from LPP/UE point of view) can be summarized as follows:
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 (which is a network 
configuration issue only)), 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.

The above use cases need to be supported also for LPPa, as discussed in section 5 below.
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 serve multiple "cells". With the introduction of "Transmission Points (TPs)", the term "cell" for OTDOA needs to be clarified, as discussed in section 2 and 3 above. However, the current "OTDOA Cell Information" in LPPa, which includes Cell-IDs, PRS configuration, initialization time, and access point location, can be used for TPs in the same way as currently used for "cells". 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 (served) 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" served by an eNodeB can be 256 [11]. With the introduction of TPs, an eNodeB may possibly serve more than 256 TPs. Therefore, the OTDOA INFORMATION RESPONSE is proposed to be extended to enable assistance data delivery for up to 4096 TPs served by an eNodeB.

The PRS configuration information element needs to be extended to include the additional PRS configuration options [3]:

· NPRS can be an integer between 1 and 160 subframes.

This makes the existing "Number of DL Frames" with enumerated values of 1, 2, 4, and 6 subframes redundant. It is proposed to include a new "Additional Number of DL Frames" field in the "OTDOA Cell Information". For the corresponding request item, the existing "noDlFrames" can still be used in the OTDOA INFORMATION REQUEST. I.e., a location server may request "noDlFrames" and the eNodeB would provide either the legacy "Number of DL Frames" or the new "Additional Number of DL Frames", dependent on what is configured on the particular TP. A separate request item for the "Additional Number of DL Frames" would not be needed and less desired, since a server would then need to ask for both, legacy "Number of DL Frames" and new "Additional Number of DL Frames" and would receive only one (the configured) field in the response with relevant information. By re-using the existing request item "noDlFrames", either the legacy "Number of DL Frames", or the new "Additional Number of DL Frames" would be provided. If the "Additional Number of DL Frames" is provided (since a new TP), a legacy server would miss the requested information in the response and would usually perform some error handling procedure (e.g., as needed for not supported or not comprehended information anyhow). 
· Additional prs-ConfigurationIndex values (already supported in ASN.1).

The "PRS Configuration Index" is already defined as an integer between 0 and 4095. Therefore, the additional PRS configuration indices [3] are already supported in ASN.1. Note, similar as above, a legacy server would not understand a new Rel-14 PRS configuration index and would usually perform some error handling procedure.
· Additional PRS muting bit string lengths (TREP): 32, 64, 128, 256, 512, and 1024 bits.

The "PRS Muting Configuration" element can be extended to include the additional TREP bit-strings. As above, a legacy server would not understand a new Rel-14 PRS configuration and would usually perform some error handling procedure (i.e., cannot make use of new PRS configurations anyhow).
· Indication of PRS-only TP.

As described in section 2 above and in LS [3], a UE would need to know whether the provided OTDOA assistance data is for a PRS-only TP. For this, a simple flag in the assistance data would be sufficient [15]. A "TP Type" field is proposed to be included in the "OTDOA Cell Information". A corresponding request item is proposed to be included in the OTDOA INFORMATION REQUEST, e.g., in order not to provide PRS-only TP assistance data to a server which does not support (or not need) assistance data for PRS-only TPs. 

The proposed LPPa changes can be summarized as follows:

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

· Allowing up to 4096 TPs served 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 [16].
5.

Summary

In this contribution, we discussed the Stage 2 (36.305) and Stage 3 (36.455) impacts to support OTDOA in a Shared Cell‑ID scenario as well as PRS-based TBS using PRS-only TPs. With the introduction of "Transmission Points" for OTDOA, 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. 
A corresponding draft CR to 3GPP TS 36.455 is proposed in [16]. The Stage 2 CR (36.305) is proposed in [12].
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