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1 Introduction
This contribution provides the text proposal for TR37.857 (based on v0.4.0 [1]) on the same cell ID scenario. The main changes are:

· Corrections on virtual cell ID based PRS sequence generation
· Virtual cell ID based PRS sequence generation is not backward compatible [3].
· CRS+PRS is not yet supported for the legacy UEs [4].
· Insertion of PRS muting based solution [2]
2 Text Proposal
[…]
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7.1.1
OTDOA enhancements

Various solutions for OTDOA indoor positioning enhancements are summarized below (but not limited to):

· Enhanced Positioning reference signals (PRS)

· More dense PRS in time domain

· New PRS, e.g. new PRS pattern, legacy PRS with CRS, DRS and etc.

· PRS transmission enhancements for the same PCI case 

· PRS or PRS-like transmission in un-license band
· CRS together with PRS for RSTD measurement
· EB/FD-MIMO based positioning enhancement
· Enhanced RSTD measurements

· Reduce RSTD quantization error 

· Measurement performance enhancements under Wide-band PRS 

[…]
7.1.1.1.5
PRS transmission enhancements for the same PCI case

7.1.1.1.5.1 Virtual cell ID based solution [23]

 REF _Ref427099125 \n \h 
[35]
In certain het-net deployments, some non-collocated RRHs may have the identical PCI as the associated macro cell (e.g., CoMP Scenario 4 [5] as shown in Figure 7.1.1.1.2-1 below). Similar, small cell enhancements scenarios [6] may result in a shared PCI deployment scenario. 
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Figure 7.1.1.1.5.1-1: Network with low power RRHs within the macro cell coverage deployed with same PCI.
Since the PRS is associated with the PCI of the cell, identical PRS sequences would be transmitted by multiple transmission points. Therefore, the UE reported RSTD measurements cannot be uniquely associated with a particular transmission point and the location server does not know the actual transmission point coordinates of the signal measured by the UE.   

The current solution in such deployment scenarios is to transmit PRS from the macro cell only (and not from the e.g., associated RRHs).  However, this would reduce the number of possible UE measurements for positioning, since the RRH transmission points would not be exploited. Moreover, transmitting PRS from RRH would be essential when RRH is used for coverage extension (e.g. basement). There is no existing solution in this case.
To solve this problem, a different PRS sequence can be generated for the associated RRHs. For instance, the macro cell could continue to transmit the legacy PRS sequence, and legacy UEs would measure the macro cell PRS/CRS only. However, new UEs may in addition measure the RRH signals, for which additional OTDOA assistance data can be provided.

The pseudo-random sequence generator for the PRS sequence may initialized with [23]:
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or alternatively with:

[image: image3.wmf](

)

(

)

(

)

CP

RRH

cell

ID

RRH

cell

ID

s

10

init

)

(

2

1

)

(

2

1

1

7

2

N

N

N

N

N

l

n

c

+

+

×

+

+

+

×

×

+

+

+

×

×

=


or alternatively with:
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at the start of each OFDM symbol where: 
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NRRH is a newly introduced identity associated with a particular transmission point associated with the same PCI. NRRH is absent (or zero) for the macro cell. NRRH may be just an integer starting at zero, or with an offset of e.g., 503. In this case, new "effective PCIs" (or "virtual PCIs") > 503 would be used for the RRHs/TX points.
NRRH may also be identical to the "Cell Portion ID" defined in LPPa [20]. A Cell Portion is a geographical part of a cell and uniquely identified by its "Cell Portion ID". The "Cell Portion ID" has been introduced in Rel-12 in order to obtain Cell-ID location to a finer granularity in case of RRHs are deployed [20].   

Therefore, the PRS sequence depends on the physical cell ID (PCI, 
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), and/or on the RRH/TX point ID NRRH. 
The vshift of the PRS pattern may be defined based on the sum of PCI and/or RRH/TX point ID; e.g., 
vshift = (
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+ NRRH)mod 6 or vshift = (NRRH)mod 6. By this, the TX points are separated in code- and frequency domain, which should not create additional interference for legacy UEs if PRS from the macro cell is used for legacy UEs.
When multiple network nodes have the same physical identification number (PCI), the PRS sent from them have the same PRS sequence and OFDM resource locations according existing specification, and UE has no way to derive the ranging information that is specifically applicable to one specific network node. One solution is to assign to each PRS signal a separate identification number independently from physical cell identification for PRS sequence generation and/or PRS resource allocation. This solution also directly works for the case where the network node (such as PRS-only beacon) does not have any network-planned physical cell identification.


7.1.1.1.5.2 PRS muting based solution [23]

 REF _Ref427099177 \n \h 
[36]
One way to proceed is to enable the same PRS transmission from different transmission points at different time instances and thus avoid the effect of composite channel. In LPP, this approach may be enabled by associating different PRS-Info::prs-MutingInfo patterns to different transmission points (RRHs). UE needs to include the PRS muting info in measurement reporting so location server can distinguish from which TP PRS was used by UE for RSTD measurement. By doing so, the PRS from the different TPs in shared cell ID scenario can be used in backward compatible manner. The alternative way is to configure different PRS configuration indexes (IPRS) to different RRHs, however this approach would consume more resources since more LIS (Low Interference Subframe) needs to be configured in network perspective. Also, since PRS occasions in the same frequency are not aligned (different from the current LPP), this different configuration may not be able to be used for legacy UE. One example is shown in Figure 7.1.1.1.5.2-1.
[image: image9.emf]2



PRS

N

Positioning occasion

...

ms T

PRS

160



PRS periodicity

TP0

Non-muted PRS subframe

0



PRS

I

For all TPs

... ...

Muted PRS subframe

...

TP1

... ...

prs-MutingInfo-r9: 

po4-r9=[0 1 0 0]

...

TP2

... ...

prs-MutingInfo-r9: 

po4-r9=[0 0 1 0]

prs-MutingInfo-r9: 

po4-r9=[1 0 0 0]

...

TP3

... ...

prs-MutingInfo-r9: 

po4-r9=[0 0 0 1]


Figure 7.1.1.1.5.2-1: PRS muting based enhancement for shared PCID scenario
In order to show benefits of the TP specific measurement in deployment scenarios with shared cell IDs, the simulations are conducted on performance analysis for the following four scenarios:

1. Macro only PRS transmission w/o PRS muting;

2. Macro only PRS transmission with PRS muting;

3. Macro cells and associated LPNs (RRHs) transmit the same PRS within Macro cell sector. PRS muting is applied across Macro-cell sector areas (coordinates of the serving cell + neighboring Macro cells are used for positioning).

4. Macro cells and associated LPNs (RRHs) transmit the same PRS with muting. LPNs transmission within Macro cell area are orthogonalized by TP specific PRS muting patterns.

The system level analysis is conducted for “Case 1C: Outdoor Macro Cell + 10 Outdoor Small Cell Scenario” which may be considered as one of the most challenging for same Cell ID assumption due to dense LPN deployment.
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Figure 7.1.1.1.5.2-2: CDF of horizontal location error.

The system level analysis presented in Figure 7.1.1.1.5.2-2 clearly shows that TP specific measurement can provide improved UE positioning performance, since more reference sources and thus more accurate RSTD measurements can be used for location. 
[…]

3 Conclusion
It is proposed that TP in Section 2 is captured in TR37.857.
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