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1.  

Introduction
At RAN1#81, a text proposal for "PRS Transmission Enhancements for the same PCI Case" was endorsed [1].
In this contribution, we provide the evaluation results and a corresponding text proposal for TR 37.857 [2].

2.  

Background and Discussion
In certain het-net deployments, some non-collocated RRHs may have the identical PCI as the associated macro cell (e.g., CoMP Scenario 4 [3]). Similar, small cell enhancements scenarios [4] may result in a shared PCI deployment scenario. 

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.   
Decoupling the PRS sequence/pattern from the PCI of the cell would allow to use different PRS sequences/pattern from the transmission points associated with the same macro cell PCI. The PRS sequence/pattern would then be determined by a "virtual PCI", which has no meaning to the UE other than replicating the PRS sequence/pattern for the correlation function (RSTD estimation). This "virtual PCI" should be generated/introduced in a backwards compatible and efficient manner. 
A cell in the OTDOA assistance data and RSTD measurement report is currently identified by its PCI [5], which is mandatory present in the corresponding information elements as an integer between 0 and 503 [5]. The meaning of this PCI in the OTDOA assistance data and UE measurement report is well defined in LPP [5]. The PCI may be used by the UE not only for PRS sequence/pattern replication, but also for e.g., CRS measurements [6]. 
Therefore, to support "virtual PCIs" for the additional transmission points, new assistance data and measurement report elements would need to be defined in LPP [5], essentially in the same way as the existing assistance data and measurement reports but with a "virtual PCI" instead of the PCI (e.g., with new definition and probably larger value range). 
Alternatively, as proposed in [1], the "virtual PCI" could be defined as the PCI of the cell, plus an additional term defining the actual transmission point (e.g., a RRH-ID): "virtual PCI" = PCI + RRH-ID. An identification of the transmission point is already implicit in the Cell Portion ID defined in LPPa [7]. The Cell Portion ID was introduced for Cell-ID positioning with finer granularity in case of e.g., RRHs or DASs (i.e., the same problem as discussed here) [8]. 
Therefore, an unambiguous identifier for the transmission points may already exist in the network which can be reused for OTDOA-PRS. This would also have the advantage of minimal LPP changes required. I.e., whenever a cell is identified by its PCI, an additional ID may be present in the ASN.1 extensions for the identification of the actual transmission point [1]. The PCI would still be the "true PCI" of the cell. Legacy UEs would simply ignore this extension and would be able to measure the macro cell as usual. New UEs would be able to measure the other transmission points (e.g., RRHs) in addition, which would result in improved performance. The information of the "true PCI" would not be lost at the UE.
Observation 1: 
Decoupling the PRS sequence/pattern from the PCI would allow the location server/UE to distinguish PRS transmission points in het-net scenarios, where the additional transmission points (e.g., RRHs, small cells) have the same PCI as the associated macro cell.  

Observation 2:
Defining the "virtual PCI" as PCI + RRH-ID could build on the existing concept of a "Cell Portion ID" in LPPa, and would allow a simple and backwards compatible introduction of a "virtual PCI" in LPP.  
3. 

Evaluation Results 
The benefit of using the additional transmission points for OTDOA has already been studied in [9] for outdoor scenarios. 
For evaluation in indoor scenarios, we consider Case #1 with 4 small cells per cluster [2], where the small cells share the same PCI as the macro cell.  
The current solution in such deployment scenarios is to transmit PRS from the macro cell only (and not from the associated small cells).  However, this would reduce the number of possible UE measurements for positioning, since the small cell transmission points would not be exploited. Therefore, the performance is the same as for the macro only scenario [10], as shown in Figure 1 below.
If a different PRS sequence/pattern can be generated for the associated small cells, the small cells could be used in addition for OTDOA positioning. In that way, the macro cell could continue to transmit the legacy PRS sequence/pattern, and legacy UEs would continue to measure the macro cell PRS only. 
However, new UEs would be able to measure the small cells in addition, since they transmit a different PRS sequence with a different vshift, which results in improved performance, as shown in Figure 1 below. I.e., the performance would be the same as if separate PCIs are assigned to each small cell.
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Figure 1: PRS Transmission Enhancements for the same PCI Case.

Observation 3: 
In shared PCI scenarios, OTDOA performance can be improved if the transmission points sharing the same PCI can be distinguished by the location server/UE. 
4. 

Summary

In this contribution, we provided evaluation results for the "PRS Transmission Enhancements for the same PCI case". A corresponding text proposal for TR 37.857 [2] is proposed in the Annex of this contribution.

Proposal 1:
Include the attached text proposal in TR 37.857 [2].
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7.1.1.1.5
 
PRS transmission enhancements for the same PCI case

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 7.1.1.1.5-1 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: 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. 

To solve this problem in a backwards compatible manner, a different PRS sequence can be generated for the associated RRHs. In that way, the macro cell could continue to transmit the legacy PRS sequence, and legacy UEs would continue to 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]:


[image: image3.wmf](

)

(

)

(

)

RRH

CP

cell

ID

cell

ID

s

10

init

2

1

2

1

1

7

2

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, but still in a backwards compatible manner. I.e., the CRS information within a positioning occasion would not be lost (Note, OFDM symbols 0 and 4 contain the CRS [23] in a positioning subframe).

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 on the RRH/TX point ID. This would enable legacy UEs still to measure the macro cell PRS and CRS; new UEs which are able to understand the additional assistance data could measure the RRH transmission points in addition. 

The vshift of the PRS pattern may be defined based on the sum of PCI and RRH/TX point ID; e.g., 
vshift = (
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+ NRRH)mod 6. By this, the TX points are separated in code- and frequency domain, which should not create additional interference for legacy UEs which can measure only the macro cell.
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.

It is noted that, it can be a UE implementation issue whether to use CRS (at least the CRS REs in the first OFDM symbol per slot) jointly with PRS for RSTD measurement. However, when CRS signals are sent from network nodes with the same physical cell identification number, UE should be indicated not to use CRS any more for RSTD measurement. The same or similar indication could be considered for the case where the network node (such as PRS-only beacon) does not transmit CRS at all.

7.1.1.1.5.1
 Evaluation Results

The benefit of using the additional transmission points for OTDOA has already been studied in [35] for outdoor scenarios. 

For evaluation in indoor scenarios, we consider Case #1 with 4 small cells per cluster (see Table 5.1.1-1), where the small cells share the same PCI as the macro cell.  
The current solution in such deployment scenarios is to transmit PRS from the macro cell only (and not from the associated small cells).  However, this would reduce the number of possible UE measurements for positioning, since the small cell transmission points would not be exploited. Therefore, the performance is the same as for the macro only scenario, as shown in Figure Figure 7.1.1.1.5.1-1 below.
If a different PRS sequence/pattern can be generated for the associated small cells, the small cells could be used in addition for OTDOA positioning. In that way, the macro cell could continue to transmit the legacy PRS sequence/pattern, and legacy UEs would continue to measure the macro cell PRS only. 

However, new UEs would be able to measure the small cells in addition, since they transmit a different PRS sequence with a different vshift, which results in improved performance, as shown in Figure 7.1.1.1.5.1-1 below. I.e., the performance would be the same as if separate PCIs are assigned to each small cell.
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Figure 7.1.1.1.5.1-1: Horizontal positioning error CDF for Case#1b but where the small cells share the same PCI as the macro cell. Blue curve: legacy behaviour; red curve: improvement with "virtual PCIs" for the small cells (Qualcomm).
Observations:
· Decoupling the PRS sequence/pattern from the PCI would allow the location server/UE to distinguish PRS transmission points in het-net scenarios, where the additional transmission points (e.g., RRHs, small cells) have the same PCI as the associated macro cell. 
· Defining the "virtual PCI" as PCI + RRH-ID could build on the existing concept of a "Cell Portion ID" in LPPa, and would allow a simple and backwards compatible introduction of a "virtual PCI" in LPP.  
· In shared PCI scenarios, OTDOA performance can be improved if the transmission points sharing the same PCI can be distinguished by the location server/UE. 
7.1.1.1.5.2
Specification Impacts
3GPP TS 36.211 [23]:
The RRH ID NRRH (or similar) need to be defined in TS 36.211, and the initialization seed for the PRS pseudo-random sequence generator cinit need to be modified based on the RRH ID. Similar, the PRS frequency shift vshift need to be specified based on the PCI and RRH ID, as described in section 7.1.1.1.5 above.
3GPP TS 36.355 [19]:
Whenever a cell is identified by the PCI (e.g., in OTDOA‑ReferenceCellInfo, OTDOA‑NeighbourCellInfoList, and OTDOA‑SignalMeasurementInformation), an additional identifier for the RRH/TX point is needed (e.g., NRRH). 
The OTDOA UE capabilities may also be updated to allow the UE to indicate to the location server that the UE supports the PRS sequence/pattern replication based on the PCI and RRH ID. 
3GPP TS 36.455 [20]:
Whenever a cell is identified by the PCI (e.g., in OTDOA INFORMATION REQUEST and OTDOA INFORMATION RESPONSE), an additional identifier for the RRH/TX point is needed (e.g., NRRH). This additional identifier may be equal to the Cell Portion ID, already defined in LPPa [20] for E-CID.
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