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1.  

Introduction
At RAN#69 meeting, a new work item on "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:

"For RAT-independent positioning enhancements, namely Wi-Fi (RSSI and FTM based)/BT based positioning, Barometric Pressure Sensor positioning and Terrestrial Beacon Systems (PRS Beacon and Metropolitan Beacon Systems) define core requirements and corresponding procedures/signalling."
Standalone/autonomous mode and UE-assisted mode without assistance data
 should be prioritized [1].  

Although, the work item description did (erroneously) not foresee RAN1 impacts, it is clear from the description in e.g., [2,3,4], that some clarifications in RAN1 specifications are required.  In particular, support for standalone PRS-based TBS requires support for several LTE physical signals and channels [5].
This contribution discusses the RAN1 impacts to support PRS-based TBS. The corresponding RAN2 impacts are discussed in [6] and [10].
2. 

Assumptions and Generalities
TBS consists of a network of ground-based transmitters, broadcasting signals only for positioning purposes. Therefore, TBS can be supported in the E-UTRAN positioning architecture by introducing a new node, which is defined as "Location Transmission Unit (LTU)", as shown in Figure 1 (see also [6]).

The following general assumptions are made:
(1) TBS is applicable to multiple radio access technologies (RATs) (e.g., is applicable to LTE and UMTS UEs).

(2) The LTUs can be (a) integrated in an operator’s network and/or (b) deployed as an overlay to the operator’s network (e.g., deployed, operated and maintained by a "TBS operator"). 
(3) The LTUs can be deployed independent on whether or not OTDOA positioning is supported in the E‑UTRAN.
(4) TBS supports autonomous/standalone UE positioning (without any network dependence), UE-assisted and UE-based positioning.   

(5) The LTUs use a subset of the LTE radio interface.

(6) The LTUs use the frame structure type 1 in DL only.

(7) The LTU network time is the same as LTE system time (e.g., SFN, subframe number, slot number, symbol number, etc.). 

(8) The LTUs are identified by a physical layer beacon identity (PBI)
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(9) The LTUs can be configured with more than NPRS=6 consecutive PRS subframes. In the limiting case of a dedicated TBS carrier, all subframes can use PRS.    
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Figure 1: UE Positioning Architecture applicable to E-UTRAN.

3. 

LTU Signal Requirements

Given the general assumptions in section 2 above, the LTU signals must enable the UE for:
(1) LTU signal acquisition.

(2) LTU signal time/frequency tracking and TOA/RSTD estimation.

(3) UE position calculation.
To enable the above functionality, the subset of the LTE radio interface for the LTUs must (at least) include:

(1) Synchronization and LTU ("cell") specific Reference Signals
a. Primary, secondary synchronization, and reference signals allow the UE to acquire the physical LTU ID, and achieve time slot, frame and frequency synchronization. 
(2) Physical Broadcast Channel

a. Enables the UE to obtain TBS bandwidth, system frame number (SFN), etc.
(3) Positioning Reference Signals

a. Positioning reference signals enable the UE to perform the RSTD measurements. PRS enhancements as described in e.g., [2] should be considered. 
(4) System Information Blocks
a. Enables the UE to obtain measurement and position calculation information; e.g., PRS configuration, LTU location information, etc.
4. 

RAN1 specification impacts

The assumptions and requirements listed in sections 2 and 3 above, lead (at least) to the following changes/clarifications required to RAN1 specifications:
1) General:
Clarify, the use of Frame Structure Type 1 for TBS, and the LTU available signals/channels. 
2) Synchronization Signals:
Currently, three PSS are defined. It is desired to distinguish between eNBs and LTUs (e.g., a UE should not find a LTU during normal cell search/synchronization procedure). This could be accomplished by defining one additional PSS (i.e., one additional Zadoff-Chu root index) dedicated to LTUs. The UE would search for the additional PSS only for TBS operation. The SSS may not need to be modified, which would provide 168 PBIs for LTUs.
3) CRS:
A UE may assume CRS to be always present. CRS from LTUs may also be used for ECID RSRP/RSRQ measurement reporting
 [7]. If needed, the CRS would depend on the PBI. Alternatively, the "empty" PRS REs could also be used for PRS.  
4) PBCH:

The applicability of PBCH for TBS should be clarified.  
5) PRS:
The PRS could be the same as currently specified, or if strict backwards compatibility is not needed, PRS enhancements as e.g., investigated in [2] may be applied (e.g., pseudo-random frequency shift and muting to simplify TBS network planning/deployment). A spare PRS configuration Index IPRS may be assigned for a dedicated TBS carrier with all subframes transmitting PRS ("full duty cycle" PRS). 
5. 

Minimal UE-assisted TBS Version
If PRS-based TBS does not need to operate in standalone mode and is always deployed together with OTDOA, some simplifications would be possible. In that case, the LTUs need to transmit PRS only, and the OTDOA assistance data can include all information needed for the UE to perform the RSTD measurements. The LTU system time information (SFN) can be provided in the assistance data (e.g., SFN offset of the assistance data reference cell relative to the UE primary cell). With this information, the UE could obtain SFN of the assistance data reference cell without the initial synchronization procedure required for standalone operation. I.e., TBS is essentially an enhancement to OTDOA.
In that case, the changes required to RAN1 specifications are primarily clarifications of the applicability of PRS for TBS. Draft CRs are provided in [8] and [9]. The corresponding RAN2 Stage 2 and LPP CRs are provided in [6] and [10], respectively.

Given the limitations of the current work item description [1], it is proposed to support minimal UE-assisted TBS as described above in Rel-13, and defer the standalone support to Rel‑14. 

6. 

Summary
In this contribution, we discussed the signals/channels required to support PRS-based TBS. The following was observed:

Observation 1:  
To support PRS-based TBS, the LTUs should at least support the following LTE signals/channels:

   

(1)  
PSS/SSS/CRS



(2)
PBCH

    

(3)
PRS
    



Observation 2:
To support a minimal UE-assisted version, the LTUs need to transmit PRS signals only, assuming all 

information to obtain system/time information is provided in the OTDOA assistance data.
The applicability of these signals/channels for TBS should be clarified in RAN1 specifications. 
Proposal 1:
Support a minimal UE-assisted TBS version (as described in section 5) in Rel-13, and defer the  


standalone support (as described in section 3) to Rel‑14.
Proposal 2: 
Clarify the applicability of the LTE signals/channels for TBS LTUs in RAN1 specifications. 


 
Corresponding CRs for a "minimal UE-assisted TBS version" are provided in [8] and [9]. 
References
[1]
RP-151624, "Indoor Positioning Enhancements for UTRA and LTE", NextNav et al.

[2]
3GPP TR 37.857, "Study on Indoor Positioning Enhancements for UTRA and LTE".

[3]
R1-152801, "Initial TBS Simulation Results", Qualcomm Incorporated.

[4]
R1-153887, "Evaluation Results and Text Proposal for TBS", Qualcomm Incorporated.

[5]
R1-156072, "Introduction of PRS based Terrestrial Beacon Systems", Qualcomm Incorporated.

[6]
R2-156119, "Introduction of PRS-based Terrestrial Beacon Systems", Qualcomm Incorporated.

[7]
3GPP TS 36.355, "LTE Positioning Protocol (LPP)".

[8]
R1-157064, "CR to 36.213: Introduction of PRS-based Terrestrial Beacon Systems", Qualcomm Incorporated.
[9]
R1-157063, "CR to 36.211: Introduction of PRS-based Terrestrial Beacon Systems", Qualcomm Incorporated.
[10] 
R2-156120, "CR to 36.355: Introduction of PRS-based Terrestrial Beacon Systems", Qualcomm Incorporated.
[image: image3.png]



� "UE-assisted TBS mode without assistance" data would also require a standalone TBS implementation.  


� A ECID positioning procedure usually precedes an OTDOA positioning procedure to obtain a e.g., good OTDOA neighbor cell list
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