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1.  

Introduction
This contribution discusses potential enhancements to OTDOA positioning technology. In particular, the following enhancements are discussed:
1. Randomization of PRS frequency bin (vshift).

2. Enhanced PRS configuration options.

3. Terrestrial Beacon System (TBS).

4. PRS sequence generator initialization.

In addition, the backwards compatibility issues associated with new/modified PRS designs are discussed. 
2. 

Randomization of PRS frequency bin (vshift)
PRS has been designed as a 6-tone stride pattern in every PRS OFDM symbol of a PRS subframe. The offset of the stride is determined by mod(PCI,6), where PCI is the physical cell ID of the cell transmitting the PRS. Figure 1 below illustrates the 6 possible frequency offsets (or bins) of a PRS subframe in the normal CP case. Each colour represents one of the 6 possible PRS pattern. 
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Figure 1: PRS frequency offsets.
This means that two cells with the same mod(PCI,6), for example PCI’s 0 and 6, will collide in the frequency domain (occupy the same colour pattern in Figure 1) and create interference to each other. 
Since the frequency offset is determined by the PCI, the PRS pattern is a by-product of the network PCI planning. In practice, PCI network planning is done for communication purposes, and positioning often plays a secondary role. 

But even for a perfectly mod(PCI,6) planned network, there will always be two or more cells interfering each other, and this interference is static (apart from fading phenomena). For example, the evaluation scenario Case#1 with 10 small cells per cluster [1] will always have PRS interference within the small cell cluster. If a neighbour cell cannot be heard at the UE because of colliding PRS pattern, the cell usually remains non-hearable for the whole positioning measurement time (LPP response time). 
If the static property of the interference is removed, the UE can potentially hear more neighbour cells (or more cells with better measurement geometry). 

One way to remove the static PRS interference would be to change the PRS offset factor (vshift) per positioning occasion (or per subframe within a positioning occasion), i.e., to make each cell to hop to a different frequency bin from one PRS subframe (or positioning occasion) to another.  Such a “frequency hopping” can be realized by a different pseudo-random sequence for each cell. That is, the PRS offset (vshift) will no longer be based on mod(PCI,6) value, but based on a random number generator distributed in the [0-5] range that can hop to  a new value in every PRS subframe or in every positioning occasion (it may be preferred to hop to a new value even in different subframes of the same occasion to benefit from frequency selectivity of the channel). This random number generator could be similar to the scrambling code generator and could be initialized with a seed value known at the UE (e.g., via OTDOA assistance data), thus enabling the UE to replicate the same pattern and decipher the PRS signal. 
Such a dynamic PRS pattern should improve hearability and should remove “blind spots/clusters” that may persistently exist in the network with a static PRS pattern. If a cell is blocked from detection due to PRS collision in frequency domain in one occasion, it is highly unlikely that it will be blocked again in the next occasion or the one after it. 
Further, it would significantly simplify network planning (essentially, no special PRS network planning would be needed anymore). 
Proposal 1:
Add the randomization of PRS frequency bin (vshift) to the set of enhancement candidates to be included in the TR 37.857.  Evaluate the performance improvements and benefits obtained with randomization of PRS frequency bin (vshift) in the agreed scenarios for indoor positioning enhancement. 
3. 

Enhanced PRS Configuration Options
3.1


Randomization of PRS Muting Pattern

The PRS muting configuration is defined by a periodic PRS muting sequence with periodicity Trep where Trep, counted in number of PRS occasions, can be 2, 4, 8, or 16 which is also the length of the selected bit string that represents this PRS muting sequence [2]. 
Muting offers a large advantage in PRS hearability compared to no muting [3]. However, similar to the frequency offset vshift discussed in section 2 above, the assigned muting pattern for each cell is static. A muting pattern assignment to cells will usually never be perfect and some remaining PRS interference will always be present; in particular in dense eNB deployment scenarios. Similar as with the static PRS offset (vshift) the interference situation with muting will also be static (i.e., repeats every Trep). To remove static interference even further, it is proposed to randomize the muting pattern and its periodic property (i.e., “time hopping”) as much as possible. 
This randomization in time domain can be realized by a PRS muting pattern that is determined by a random number generator that is initialized with the same known seed in the eNB and UE. The random binary sequence for each cell determines the ON/OFF state of the positioning occasion. In this manner, the muting sequence is randomized (which is known in the field of information theory to be the best strategy in the absence of any apriori knowledge). 
The randomization of the muting pattern may be considered separately or together with the random vshift discussed in section 2 above. By randomizing PRS in three dimensions (code, frequency, and time), the hearability should significantly improve, little or no network planning would be needed, and no blind spots/clusters will persistently exist in the network. If a cell is blocked from detection due to collision in time/frequency in one occasion, it is highly unlikely that it will be blocked again in the next occasion or the one after it.
Proposal 2:
Add the randomization of PRS muting pattern to the set of enhancement candidates to be included in the TR 37.857.  Evaluate the performance improvements and benefits obtained with the randomization of PRS muting pattern in the agreed scenarios for indoor positioning enhancement.
3.2


Dynamic PRS Muting Pattern and PRS Power Level Adaptation

The muting pattern and PRS power assignment to cells is usually static and optimized for good average performance over the network. E.g., using the randomization of PRS muting pattern as discussed in section 3.1 above, it would simplify network planning by still giving good overall performance. 

However, there are usually locations where the muting pattern is less optimal compared to other locations in the network (e.g. inside some buildings or on the fringes of the network). For some high-priority uses cases (such as emergency calls, for example) it may be beneficial to locally optimize the muting pattern and PRS power boost levels for an individual UE. For example, if the a-priori location of the target UE is known (serving cell), the muting pattern and PRS power levels of the assistance data cells could be optimized for this particular UE (location). The muting pattern and power boost levels for the cells in the assistance data list may then dynamically be adjusted (e.g., via LPPa [7]) to provide the optimal combination of muting and PRS power levels for that particular UE. 

This adjustment would also impact UEs at other locations which use any of such dynamically optimized cells in the assistance data at the same time as well. However, only a subset of the cells for those UEs would usually be affected which may be acceptable and may not degrade overall performance. 
Proposal 3:
Add the possibility to dynamically adjust the PRS muting and power level configuration to the set of enhancement candidates to be included in the TR 37.857.  Evaluate the performance improvements and benefits in the agreed scenarios for indoor positioning enhancement.

4. 

Terrestrial Beacon System (TBS)
A Terrestrial Beacon System (TBS) consists of a network of terrestrial beacons broadcasting signals for positioning purposes. They may use dedicated, unshared spectrum or spectrum shared with other users, including FDD and TDD licensed spectrum. 
The terrestrial beacon nodes can transmit PRS signals where needed to provide additional positioning coverage. The PRS nodes may be considered as "lite eNB’s" which transmit PRS signals only, or as Downlink Location Measurement Units (DL-LMUs) in the E-UTRA positioning architecture, as shown in Figure 2. The DL-LMUs require no connection/signalling to the core network and allow low-cost deployment and low operation and maintenance tasks. The DL-LMU retrieves the configuration parameters from OAM, e.g., PCI, RS information, etc.
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Figure 2: E-UTRAN Positioning Architecture with DL-LMUs.

The use of PRS signals for TBS offers several advantages. The PRS signal allows the use of various bandwidths and time duration configurations. Dependent on the available spectrum (or desired positioning accuracy) PRS can flexibly be configured in various signal bandwidths. Further, the periodicity of the PRS can be increased, up to the case of a time continuous PRS signal (e.g., if deployed in dedicated TBS spectrum). Existing OTDOA signalling can be used for providing TBS assistance data and reporting measurements. The signal measurements would be intra- and/or inter-frequency RSTD measurements and can be performed by the UE as usual (i.e., no new UE functionality would be required and all OTDOA capable UEs can measure DL-LMU signals (even legacy and already deployed UEs)).
In addition to the reference signals, it may also be advantageous to support a broadcast channel in the DL-LMU, e.g., PBCH to provide positioning SIB’s (e.g., broadcast of assistance data from DL-LMUs).

For evaluating TBS performance, the agreed scenarios defined in [1] can be used. In particular, Case #1 with 0 small cells (i.e., macro only) may be most appropriate for evaluating TBS performance. The TBS DL-LMUs could be deployed randomly within the macro cell coverage area, or because TBS are dedicated positioning elements, deployed similar to macro eNBs (i.e., planned), as illustrated in Figure 3. If TBS operates on a dedicated spectrum, the DL-LMUs can also be collocated with the macro eNBs. Simulation parameters for TBS are proposed in the Annex of this contribution.
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Figure 3: Example of DL-LMU deployment (not collocated with eNB sites).

To simplify network planning for DL-LMUs, the PRS frequency offset (vshift) and muting pattern could be pseudo-random, as described in sections 2 and 3.1, respectively. 

Proposal 4:
Add TBS as illustrated in Figure 2 to the set of enhancement candidates to be included in the TR 37.857.  Evaluate the performance improvements and benefits obtained with TBS using the simulation parameters summarized in Annex A.
5. 

PRS sequence generator initialization
The pseudo-random sequence generator for the PRS sequence is initialized with [4]
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at the start of each OFDM symbol where 
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Therefore, the PRS sequence depends on the physical cell ID (PCI, 
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). 
As already studied in [5], this creates ambiguities in case of more than one PRS transmission point with the same PCI, such as in CoMP Scenario 4 (heterogeneous network with low power RRHs within the macrocell coverage area where the transmission/reception points created by the RRHs have the same cell IDs as the macro cell) [6]. 
Conflicting PCI assignments may also occur with TBS, since the PCI planning is done for the eNBs in the network, not considering DL-LMUs. 
A straightforward solution would be to allow any 
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 for PRS sequence generation, not necessarily corresponding to the PCI of the cell ("virtual PCI"), or by adding another offset to cinit (e.g., similar to NCP). For example, the macro cell PRS would be initialized with cinit (using its assigned PCI), and the PRS from each associated RRH would be initialized with cinit + NRRH, where NRRH could be any integer. This would still allow legacy UEs to measure PRS and CRS from the macro eNBs only; new UEs could measure the RRHs in addition. 
For the TBS DL-LMUs, 
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may use a dedicated value range (> 503) to avoid PCI conflicts with the eNBs. 
Proposal 5:
Decouple the PRS sequence generation from the PCI of the cell, e.g., by allowing additional values for the PCI and/or adding a specific offset to the sequence initialization seed. 
6. 

Backwards Compatibility
New or modified PRS designs need to be introduced in a backwards compatible manner. E.g., if the vshift is changed dynamically in each cell (as discussed in section 2 above), legacy UEs would not be able to measure PRS anymore. A possible way to implement legacy and new PRS designs would be to interleave the old and new design and adapt the assistance data according to the UE capabilities. 
An example is illustrated in Figure 4. The PRS transmission schedule is determined by the PRS Configuration Index IPRS, which in turn defines the PRS subframe offset PRS and the PRS periodicity TPRS. In the example of Figure 4, legacy PRS are configured according to the red subframes, and the corresponding IPRS is signalled in the OTDOA assistance data. The new/modified PRS is configured in the green subframes, which would result in a different PRS configuration index IPRS. Only new UEs with the corresponding capability would receive the OTDOA assistance data for the green subframes. Such UEs may measure the legacy and new PRS according to its definition. How many PRS occasions are configured with legacy and new/modified PRS depends on the network. E.g., over time it may be expected that legacy UEs disappear, and the TPRS for the legacy PRS gets bigger (i.e., more green occasions comparted to red occasions). It should be noted that the PRS overhead is not increased in this example. It is just that the legacy UEs will usually see a larger PRS periodicity TPRS compared to new UEs.
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Figure 4: Coexistence of legacy and modified PRS.
Another option to solve backwards compatibility issues may be to configure new/modified PRS only on a subset of cells in the network (or on DL-LMUs only), such that legacy UEs would still be able to receive at least some cells with legacy PRS configuration. 
Proposal 6:
Any enhancement proposal which uses a new or modified PRS design must address the backwards compatibility issue, and the simulation results should include the coexistence of legacy and new/modified PRS.
7.  

Summary

In this contribution, we discussed several potential enhancements to OTDOA positioning. The following is proposed:
Proposal 1:
Add the randomization of PRS frequency bin (vshift) to the set of enhancement candidates to be included in the TR 37.857.  Evaluate the performance improvements and benefits obtained with randomization of PRS frequency bin (vshift) in the agreed scenarios for indoor positioning enhancement. 

Proposal 2:
Add the randomization of PRS muting pattern to the set of enhancement candidates to be included in the TR 37.857.  Evaluate the performance improvements and benefits obtained with the randomization of PRS muting pattern in the agreed scenarios for indoor positioning enhancement.

Proposal 3:
Add the possibility to dynamically adjust the PRS muting and power level configuration to the set of enhancement candidates to be included in the TR 37.857.  Evaluate the performance improvements and benefits in the agreed scenarios for indoor positioning enhancement.

Proposal 4:
Add TBS as illustrated in Figure 2 to the set of enhancement candidates to be included in the TR 37.857.  Evaluate the performance improvements and benefits obtained with TBS using the simulation parameters summarized in Annex A.

Proposal 5:
Decouple the PRS sequence generation from the PCI of the cell, e.g., by allowing additional values for the PCI and/or adding a specific offset to the sequence initialization seed. 

Proposal 6:
Any enhancement proposal which uses a new or modified PRS design must address the backwards compatibility issue, and the simulation results should include the coexistence of legacy and new/modified PRS.
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Annex A:
Simulation Model


A.1

TBS Evaluation Assumptions
	Parameter
	Macro Cell
	Outdoor DL-LMU

	Layout
	Hexagonal grid, 3 sectors per site, 7 or 19 Macro sites, 
ISD = 500m
	Hexagonal grid, DL-LMUs deployed at cell edge, 
 ISD = 500m


	System Bandwidth per Carrier
	10 MHz
	10 MHz

	Carrier Frequency
	2.0 GHz
	3.5 GHz

	Carrier Number
	1
	1

	Total BS TX power (Ptotal per carrier)
	46 dBm
	49 dBm

	Distance-Dependent Path Loss
	3D-UMa

(Table 7.2-1 in TR 36.873)
Indoor UEs:
3D-UMa O-to-I (PLb=PL3D-UMa)
Outdoor UEs: 
3D-UMa LOS or 3D-UMa NLOS,


depending on LOS probability.
	3D-UMa
(Table 7.2-1 in TR 36.873)
Indoor UEs:
3D-UMa O-to-I (PLb=PL3D-UMa)
Outdoor UEs: 
3D-UMa LOS or 3D-UMa NLOS,


depending on LOS probability..

	Penetration
	For outdoor UEs: 0dB
For indoor UEs: 20dB+0.5din (din : independent uniform random value between [ 0, min(25, UE-to-eNB distance) ] for each link)
(i.e., PLtw = 20 dB; PLin = 0.5din (Table 7.2-1 in TR 36.873))
	For outdoor UEs: 0dB
For indoor UEs: 23dB+0.5din (din : independent uniform random value between [ 0, min(25, UE-to-eNB distance) ] for each link)
(i.e., PLtw = 23 dB; PLin = 0.5din (Table 7.2-1 in TR 36.873))

	Shadowing
	3D-UMa (Table 7.3-6 in TR36.873)

Indoor UEs:
3D-UMa O-to-I 
Outdoor UEs: 
3D-UMa LOS or 3D-UMa NLOS,


depending on LOS probability.
	3D-UMa (Table 7.3-6 in TR36.873)

Indoor UEs:
3D-UMa O-to-I 
Outdoor UEs: 
3D-UMa LOS or 3D-UMa NLOS,


depending on LOS probability.

	Antenna Pattern
	3D according to TR36.819
	2D Omni-directional

	Antenna Height
	25m + α
α ~ uniform(-5,25) m
	25m + α
α ~ uniform(-5,25) m

	UE Height
	hUT = 3(nfl – 1) + 1.5 m
where, nfl ~ uniform(1,Nfl) and Nfl = 8

	Antenna Gain + Connector Loss
	17 dBi
	5 dBi

	Antenna Gain of UE
	0 dBi

	Fast fading channel between eNB and UE
	3D-UMa from TR 36.873

Indoor UEs:
3D-UMa O-to-I 
Outdoor UEs: 
3D-UMa LOS or 3D-UMa NLOS,


depending on LOS probability.
	   3D-UMa from TR 36.873

Indoor UEs:
3D-UMa O-to-I 
Outdoor UEs: 
3D-UMa LOS or 3D-UMa NLOS,


depending on LOS probability.

	Antenna Configuration
	2Tx, 2Rx in DL, Cross-polarized

	Number of floors per building
	8

	UE Dropping
	2/3 UEs randomly and uniformly dropped within the clusters, 1/3 UEs randomly and uniformly dropped throughout the macro geographical area.
20% UEs are outdoor and 80% UEs are indoor.
NOTE: The UE dropping is the same as in Case #1, although, no Small Cells are deployed.

	Radius for UE dropping in a cluster
	70 m

	UE noise figure
	9 dB

	UE Speed
	3 km/h

	Network Synchronization
	Perfectly synchronized for baseline. 

Additionally, network synchronization error case can be optionally simulated.  If included, the network synchronization error, per UE dropping, is defined as a truncated Gaussian distribution of (T1 ns) rms values between an eNB and a timing reference source which is assumed to have perfect timing, subject to a largest timing  difference of T2 ns, where T2 = 2*T1
· That is, the range of timing errors is [-T2, T2]

· T1:
Default: 50ns (for the additional performance evaluation)

· Each individual company can further pick other values

	Performance Metrics
	CDF of horizontal and vertical accuracy for indoor UEs

	Note 1: For eNB-to-UE distance, 3D distance is applied unless stated otherwise.

Note 2: Propagation delay is explicitly modeled.


A.2

TBS PRS Signal Configuration
	Parameter
	Macro Cell
	Outdoor DL-LMU

	System bandwidth
	10 MHz
	10 MHz

	Cell planning
	No PCI planning

	Network synchronization
	Synchronous

	Duplex modes
	FDD
	NA

	Cyclic prefix
	Normal

	DRX
	Off
	NA

	Number of antenna ports
	PRS
	1 (antenna port 6)

	
	CRS
	2

	Number of receive antennas
	2

	Number of consecutive positioning subframes in one occasion
	1 and 6
	All subframes with PRS

	PRS periodicity
	160 ms
	

	PRS bandwidth
	Full system bandwidth

	Measurement bandwidth
	Full system bandwidth

	PRS muting
	PRS muting pattern indicated by individual companies, if used

	PRS Power boosting 
	10log6 dB

	PDSCH transmission
	No PDSCH transmission in PRS transmission occasions
	NA

	RSTD report quantization
	Modeled as in 36.133 section 9.1.10.3
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