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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]."
This contribution discusses the RAN1 impacts to support PRS-based TBS.
2. 

Main Characteristics
TBS consists of a network of ground-based transmitters, broadcasting signals only for positioning purposes [2]. In the case of PRS based TBS, TBS can be supported in the E-UTRAN positioning architecture by introducing a new node, which is referred to as a "Location Transmission Unit (LTU)", as shown in Figure 1 below. The LTU does not need a standardized interface to other elements in E-UTRAN/CN; the new node is primarily needed for support of PRS-based TBS functionality. Such support will need to distinguish an LTU from an eNB in order to avoid a UE attempting network access from an LTU. The LTUs can be considered as "lite eNBs" with DL transmission only. Two general deployment options are possible:

1. The LTUs can be integrated in an operator’s OTDOA network, and deployed where needed to provide additional OTDOA coverage.

2. The LTUs can be deployed as an overlay to the operator’s network; e.g., deployed, operated and maintained by a "TBS Operator". TBS alone (without e.g., OTDOA) may provide positioning coverage.

The LTUs may operate on a standalone/dedicated TBS carrier, or on a shared LTE carrier. A standalone TBS carrier could be common to all MNOs in the area; the E-UTRA operating bands apply. In case of a standalone carrier, all subframes could be dedicated to PRS transmission.
The LTUs use a subset of the LTE radio interface, where the subset depends on the LTU operation/deployment scenario, as described in the following section 3.
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Figure 1: UE Positioning Architecture applicable to E-UTRAN.

3. 

LTU Signal Requirements

In general, the LTU signals must enable the UE to perform:
(1) LTU signal acquisition.

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

(3) UE position calculation (for standalone and UE-based mode).
To enable the above functionality, the subset of the LTE radio interface for the LTUs must include:

(1) LTU Synchronization Signals (LTU-SS):

a. Primary- and secondary synchronization signals allow for LTU-search and synchronization, and determine the LTU frame timing and physical layer LTU-ID.
(2) LTU ("cell") specific Reference Signals (LRS):
a. LTU specific reference signals are needed for demodulation (LTU-BCH), but could also be used for LTU E‑CID measurements.
(3) LTU Physical Broadcast Channel (LTU-PBCH):
a. Enables the UE to obtain LTU bandwidth and LTU system frame number (LTU-SFN). It would be desirable to also provide the LTU PRS configuration via LTU-PBCH (which may avoid the need for LTU-PDSCH).
(4) LTU Positioning Reference Signals (LTU-PRS):
a. Positioning reference signals enable the UE to perform the TOA/RSTD measurements. 
(5) LTU System Information Blocks (LTU-SIB):
a. Enables the UE to obtain measurement and position calculation information; e.g., PRS configuration, neighbour cell list, LTU location information, etc. This requires support for LTU-PDSCH together with control channels, e.g., LTU‑PCFICH, LTU-PDCCH. 
NOTE: Since the LTU DCI could be fixed/predefined (static), control channels may not be needed. 

3.1

Reduced LTU Signal Requirements

A full/standalone PRS-based TBS with self-contained signalling requires almost all DL control signals/channels. If TBS is integrated in an operators OTDOA network, the number of required channels can be reduced. Three scenarios can be considered:

Scenario #1: Full/standalone operation.
i. Signal Acquisition: LTU-PSS, LTU-SSS, LRS, LTU-PBCH.

ii. TOA Estimation: LTU-PRS.

iii. PRS-Info, Position Calculation: LTU-PDSCH (LTU-PCFICH/LTU-PDCCH, if not predefined).
In this scenario, the LTU’s can operate independently from E-UTRAN.
Scenario #2: Standalone operation with assistance data received from serving network.
i. Signal Acquisition: LTU-PSS, LTU-SSS, LRS, LTU-PBCH.

ii. TOA Estimation: LTU-PRS.

iii. PRS-Info, Position Calculation: Provided from serving cell in the assistance data.

In this scenario, the LTU’s can still operate independently from E-UTRAN, but a location server (e.g., E-SMLC) must provide assistance data for LTUs.
Scenario #3: Integrated in an operator’s OTDOA deployment.
i. Signal Acquisition: Done via UE serving cell.

ii. TOA Estimation: LTU-PRS.

iii. PRS-Info, Position Calculation: Provided from serving cell in the assistance data.


In this scenario, the LTU’s cannot operate independently from E-UTRAN and must be synchronized with 
E‑UTRAN. Any offset between E‑UTRAN and LTU timing must be provided in the assistance data.
Corresponding different LTU types for the above scenarios could be defined, based on the supported signals/channels (i.e., desired deployment scenario):

	LTU Type
	Supported LTU signals/channels

	LTU Type 1
	LTU-PSS, LTU-SSS, LRS, LTU-PBCH, LTU-PRS, LTU-PDSCH

	LTU Type 2
	LTU-PSS, LTU-SSS, LRS, LTU-PBCH, LTU-PRS

	LTU Type 3
	LTU-PRS


4. 

RAN1 specification impacts

The required LTU signals/channels summarized in section 3 above are essentially existing LTE signals. However, for LTU operation, some clarifications/modifications are required, as summarized in this section.
4.1

LTU Frame Structure
Since LTUs have only DL transmission, Frame Structure Type 1 with normal CP only would be appropriate. This could be specified as a new Frame Structure Type 4, applicable to LTUs only (which may be simpler/unambiguous from a specification point of view). 

4.2


LTU Primary Synchronization Signal (LTU-PSS)

Currently, three PSSs are defined (frequency-domain Zadoff-Chu sequence), which are linked to the cell identity within the group 
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. To distinguish LTUs from eNBs (i.e., to avoid that a (legacy) UE finds a LTU during normal cell search), a 4th PSS could be defined, exclusively for LTUs. A UE would search for the 4th PSS only if a LTU signal should be acquired. 

The current root indices u for the Zadoff-Chu sequence are chosen to minimize complexity. The 3rd PSS sequence, which is based on u=34 is the complex conjugate of the 2nd sequence based on u=29. Therefore, two PSSs can be detected with a single/conjugate correlator. 

Although, a UE may not search eNBs and LTUs simultaneously, one could define a 4th PSS as complex conjugate of the 1st PSS sequence based on u=25. The sequence based on u=38 would be the complex conjugate of the sequence based on u=25, and existing correlators could be reused to detect the LTU-PSS. A single LTU-PSS would provide 168 physical LTU-IDs, which should be sufficient. Otherwise, additional LTU-PSSs could be defined. 

The impact to RAN1 specifications are minor; a new root index for the LTU-PSS would need to be specified. 
Root indices for the primary synchronization signal
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Figure 2: PSS Auto- and Cross-Correlation (absolute values).

4.3

LTU Secondary Synchronization Signal (LTU-SSS)

Each SSS sequence is constructed by interleaving (in the frequency-domain) two length-31 BPSK modulated secondary sequence codes, SSC1 and SSC2. SSC1 and SSC2 are two different cyclic shifts of a single length-31 M-sequence. The cyclic shift indices of the M-sequences are derived from a function of the physical layer cell identity group
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. The codes are then alternated between the first and second SSS transmission in each radio frame. Since the concatenated sequence is scrambled by a code that depends on the PSS, no new SSS are needed for the LTU. With a single additional LTU-PSS as described in section 4.2 above, 168 physical LTU-IDs can be defined.
4.4

Physical Layer LTU-ID 
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For eNBs, the physical-layer cell ID is given by: 
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is in the range of 0 to 167 and represents the physical-layer cell-identity group, which is determined via SSS detection.
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 is in the range of 0 to 2 and represents the physical-layer identity within the physical-layer cell-identity group, which is determined via PSS detection. 
With a single (additional) LTU-PSS, 168 LTU-IDs are possible: 
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. Since the SSS is scrambled with the (additional) LTU-PSS, no changes to SSS would be needed for the LTU-SSS.
Since the LTU-ID determines the seed for the scrambling sequence (cinit), for e.g., LTU-PBCH, etc., the LTU-IDs should have an offset of 504 (eNB PCI range). This would avoid any conflicts with eNB network planning (e.g., scrambling sequences used by eNBs): 
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4.5

LTU Specific Reference Signals (LRS)

To demodulate different downlink physical channels coherently, the UE requires complex valued channel estimates for each subcarrier. Known cell-specific reference symbols are inserted into the resource grid. The cell-specific reference signal is mapped to REs spread evenly in the resource grid, in an identical pattern in every RB. A UE usually assumes that cell-specific reference signals are always transmitted. The cell specific reference signals (CRS) can also be used for the LTUs.  The sequence generation and mapping to resource elements depends on the physical layer ID. With the physical layer LTU-ID as described in section 4.4 above, any conflicts with existing eNB deployments can be avoided (i.e., LTU‑IDs  > 503). 
4.6

LTU Physical Broadcast Channel (LTU-PBCH)
The PBCH provides the PHY channel for the static part of the Broadcast Control Channel (BCH). For eNBs, the PBCH contains the 24-bit Master Information Block (MIB):
· 3 bits for system bandwidth.
· 3 bits for PHICH information.
· 8 bits for system frame number.
· 10 bits are reserved for future use.
Apart from the information in the payload, the MIB CRC also conveys the number of transmit antennas used by the eNB. The MIB CRC is scrambled with an antenna specific mask.
For the LTUs, only the system frame number would be needed, and probably the system bandwidth. It would be desired to also provide the complete PRS configuration information in the MIB, which would avoid the need for LTU-PDSCH in some scenarios. However, 24-bits are generally not enough to provide the PRS configuration information for each LTU.
4.7

LTU Physical Downlink Shared Channel (LTU-PDSCH)
The PDSCH provides the dynamic (quasi-static) part of the Broadcast Control Channel (SIBs). Although, SIB1 is transmitted on a fixed schedule, the resource allocation of the PDSCH carrying SIB1 is dynamic. The SIB1 periodicity is 80 ms, with repetitions made within the 80 ms; redundant copies are transmitted every 20 ms.
The resource allocation of the PDSCH carrying SIB1 is indicated in an associated Downlink Control Information (DCI) message carried on the PDCCH. The base station encrypts all DCI messages with a Radio Network Identifier (RNTI) that characterizes the intended recipient. SIB1 is of interest to all users, and it has a known RNTI of 65535 (called SI-RNTI or System Information RNTI). This enables all UEs to look for and decode SIB1. The PDCCH carries a variable number of DCI messages of variable lengths that can start at various locations within the PDCCH space.
For LTU operation, only one DCI intended for all LTU users would be needed, which could in principle be scrambled with a LTU‑RNTI. However, the LTU-DCI could be fixed/predefined.  Only descriptions about DL data transmitted to the UEs would need to be defined; e.g., resource block assignment, MCS. This would avoid the need for LTU control channels (PCFICH, PDCCH).

The LTU-SIB need to include all information required to carry out the RSTD measurements and position calculation:

· PRS configuration (if this cannot be provided in the LTU-PBCH).

· Neighbour cell/LTU list.

· LTU coordinates.
· LTU transmit time offset and drift (if not zero).
4.8

PRS Configuration for LTUs
If TBS operates on a standalone TBS carrier, all subframes could be dedicated to PRS transmission (when/where e.g., no LTU-PDSCH is present). This would allow longer (probably coherent) integration, shorter response times, and more UE flexibility in scheduling measurements. It would also provide more flexibility for the eNB to allocate measurement gaps (if needed).
Since PRS transmission in all subframes would essentially mean a single PRS occasion, some clarification for the muting bit-string would be required (i.e., each bit in the muting bit-string indicates which occasion is on/off). The TPRS/NPRS would need to be adjusted to allow several "positioning occasions" also in case of a standalone TBS carrier with all subframes transmitting PRS. For example, if a positioning occasion of NPRS=6 should be configured, the periodicity should be TPRS=6 ms for a dedicated TBS carrier.

Alternatively, random muting could be defined which is initialized with a LTU specific seed (e.g., LTU-ID) [3]; see also section 4.10.2 below. This would also avoid the need for the muting bit-string in the PRS configuration information, and the PRS information may fit into the LTU-MIB.
If TBS is deployed on a shared carrier, the LTU PRS configuration should be the same as for the LTE cells (on the same carrier) to avoid LTU-eNB/eNB-LTU interference (i.e., interference exists only in PRS subframes). Additional PRS configurations (NPRS > 6 and TPRS < 160ms) could be defined, which could be applicable to both, eNBs and LTUs. 

The PRS Information Element comprises currently 33-bits [4], which need to be provided for each LTU:
	Field
	#bits

	PRS Bandwidth
	3

	PRS Configuration Index
	12

	NPRS
	2

	Muting Bit String
	16


Usually, the PRS Bandwidth, PRS Configuration Index, and NPRS is the same for all neighbour cells/LTUs on the same carrier, but the Muting Bit String would be cell/LTU dependent (i.e., would need to be provided in a neighbour LTU list). Therefore, the PRS Information Element does not fit into the LTU-MIB (see also section 4.6 above). One possibility could be to define a set of pre-defined PRS configurations, and include only an index in the LTU-MIB. 
Without Muting Bit String, the PRS Info would be 17-bits and would fit into the LTU-MIB. The Muting Bit String could be avoided by defining a random ON/OFF state for each subframe/occasion. The LTE pseudo-random sequence (scrambling) generator, initialized with the LTU-ID at the beginning of each SFN cycle could be reused for this purpose. 
However, since other information than PRS configuration information is needed at the UE (e.g., LTU coordinates, neighbour list), a LTU-PDSCH carrying LTU-SIB would generally be required. 

4.9

LTU Positioning Reference Signals (LTU-PRS)

PRS REs are in non-control and non-CRS symbols in a subframe, as illustrated in Figure 3 below.
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Figure 3: PRS Pattern for vshift = 1.
For Scenario#1 (full/standalone operation; see section 3.1 above), the same pattern would be needed for the LTU; i.e., control region and CRS (LRS) are needed. The control region could be avoided in case of a predefined/fixed DCI for the LTUs (see also section 4.7 above). 
For Scenario#2 (standalone operation with assistance data received from the serving network; see section 3.1 above), control symbols are not needed (no LTU-PDSCH). In that case, symbols 1 and 2 could also be used for LTU-PRS.

For Scenario#3 (integrated in OTDOA deployment; see section 3.1 above), control symbols and CRS are not needed. In that case, all symbols could be used for LTU-PRS.
Using the control- and CRS REs for LTU-PRS would provide more symbols for coherent integration within a subframe, and would avoid tones without PRS. The resulting pattern would still be compatible with the legacy pattern. 
Figure 5 shows the simulation results with the extended PRS pattern shown in Figure 4 (all symbols contain LTU-PRS). For the results in Figure 5, the TBS evaluation scenario has been used [3], and TBS-only measurements are used for position calculation (no eNB measurements). As can be seen, an improvement in performance is possible (in particular at higher percentiles) with an extended PRS pattern.  
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Figure 4: Extended PRS Pattern.
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Figure 5: Horizontal Positioning Error for TBS-only deployment.
4.10

Further LTU-PRS Enhancements
4.10.1


Random vshift
PRS has been designed as a 6-tone stride pattern in every OFDM symbol of a PRS subframe. The offset of the stride is determined by mod(PCI,6). Since the frequency offset is determined by PCI, the PRS pattern is a by-product of PCI network planning.

To avoid static interference, the vshift could be a random number between 0 and 5 at every positioning occasion/subframe [3]. A LTU-specific pseudo-random hopping pattern would randomize the inter-cell interference for LTU-PRS. This could be implemented with the LTE scrambling code generator, which could be used as random number generator, initialized at the beginning of each SFN-cycle with a LTU-ID specific seed.
Results in [3] indicate that with a random vshift and no PCI planning and no muting, the same results can be obtained as with PCI planning and with muting. This would significantly simplify the LTU deployment, since no LTU network planning would be required. 
The random vshift could be implemented backwards compatible (if needed); e.g., legacy PRS occasions can have a legacy vshift mod(LTU-ID,6) (with the legacy PCI range), and occasions in between can have a random vshift (with seed based on LTU-ID).
4.10.2


Random Muting

Muting is currently defined using a bit-string to indicate which occasion is on/off. Currently, the length of this bit-string is 2, 4, 6, 8, or 16 bits. Instead of defining muting via a bit-string, muting could be defined based on a random ON/OFF state [3]. The LTE pseudo-random sequence generator, initialized with LTU-ID at the beginning of each SFN cycle, could be reused. This would avoid signaling the muting bit-string, and the PRS configuration information may fit into the LTU‑MIB (see section 4.6 and 4.7 above). This may also be simpler in case of a dedicated TBS carrier, where all subframes contain PRS (i.e., a single "PRS occasion"). 
A random vshift/muting may also control access to LTU-signals; e.g., difficult to crowd-source and the random generator seed may only be provided in the assistance data.
4.10.3


LTU-PRS Transmit Diversity

Currently, PRS are transmitted from a single antenna port. Transmitting PRS from multiple antennas could improve RSTD estimation performance (e.g., [3],[5],[6]). Transmit diversity (e.g., simple antenna switching [5]) should be supported for LTU-PRS. 
5. 

Summary
In this contribution, we discussed the RAN1 impacts to support PRS-based TBS. The following was observed:

Observation 1:  
To support a standalone PRS-based TBS with self-contained TBS signalling, the LTUs should support 

the following LTE signals/channels:

   

(1)  
LTU-PSS/SSS/LRS



(2)
LTU-PBCH

    

(3)
LTU-PRS



(4)
LTU-PDSCH.
    



Observation 2:
The LTU signals/channels would require relative minor changes/clarifications to the existing LTE 


signals/channels.
The following is proposed: 
Proposal 1:
Define several LTU types based on supported signals/channels, applicable to various deployment 


scenarios:


LTU Type 1:
LTU-PSS, LTU-SSS, LRS, LTU-PBCH, LTU-PRS, LTU-PDSCH


LTU Type 2:
LTU-PSS, LTU-SSS, LRS, LTU-PBCH, LTU-PRS


LTU Type 3:
LTU-PRS
Proposal 2: 
Specify Frame Structure Type 1 with normal CP only for the LTU.

Proposal 3: 
Specify an additional PSS based on the existing design, exclusively for LTUs.

Proposal 4: 
Clarify the applicability of SSS for LTUs.

Proposal 5: 
Define the physical layer LTU-ID so that no overlap with existing eNB PCIs is obtained.

Proposal 6: 
Clarify the applicability of CRS for LTUs.

Proposal 7: 
Clarify the applicability of PBCH for LTUs.

Proposal 8: 
Specify a fixed DCI for the LTU-PDSCH (for LTU-SIB).

Proposal 9: 
Specify a LTU-PRS with PRS in all OFDM symbols/tones.

Proposal 10: 
Allow a random vshift and muting for the LTU-PRS to simplify LTU deployment. 

Proposal 11: 
Allow more than a single TX antenna for the LTU-PRS. 
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