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Introduction
In RAN1#86, two LSs have been sent from RAN1 to RAN2 and RAN3 to inform about the following agreements 
PRS Sequence generation per TP
For OTDOA with same PCI, RAN1 has reached agreement for PRS sequence/vshift generation per TP.



The pseudo-random sequence generator shall be initialised with  where the quantity  equals  unless configured by higher layers.




The cell-specific frequency shift is given by  where the quantity  equals  unless configured by higher layers. The range of is 0 to 4095.

PRS -based Terrestrial Beacon Systems (TBS)
· Additional PRS configurations for PRS-based TBS:
· Specify the number of consecutive downlink subframes NPRS with positioning reference signals as an integer between 1 and 160 subframes.
· Specify additional PRS configuration indices IPRS, as follows:

	
PRS configuration Index 
	
PRS periodicity  
(subframes)
	
PRS subframe offset  
(subframes)

	0 – 159
	160
	


	160 – 479
	320
	


	480 – 1119
	640
	


	1120 – 2399
	1280
	


	2400 – 2404
	5
	


	2405 – 2414
	10
	


	2415 – 2434
	20
	


	2435 – 2474
	40
	


	2475 – 2554
	80
	


	2555-4095
	Reserved



· Specify additional PRS muting bit string lengths (TREP): 32, 64, 128, 256, 512, and 1024 bits.PRS-only TBS Transmission Points (TPs):
· For the purpose of RSTD measurements from a PRS-only TBS TP, a UE shall not assume any other signals or physical channels are present other than PRS.
· Add an indicator in the OTDOA assistance data which indicates that assistance is provided for a PRS-only TBS TP.
In the following contribution, the representation of these agreements in terms of assistance data provisioning and location information reporting is discussed, and text proposal to be captured in the running CR is proposed in [1].
1 UE OTDOA assistance data 
UE needs derived from different scenarios
Different scenarios will require different types of reporting and it is important that all scenarios are considered when updating the information elements in the running CR. In particular, the UE needs assistance data to be able to
A. detect the proposed reference cell to use PSS/SSS for time/frequency synchronization, detect CRS and decode PBCH to retrieve SFN
B. differentiate between different cells configured with different PCIs or PRS IDs
C. differentiate between different TPs/cells configured with the same PCI by being informed about orthogonal muting patterns for the TPs
D. differentiate between different TPs configured with the same PCI by being informed about different PRS IDs for the TPs
E. differentiate between different TPs configured with the same PRS IDs but different orthogonal muting patterns as in PRS-based TBS
F. differentiate between different TPs configured only with different PRS IDs as in PRS-based TBS
The UE can also need to use PSS/SSS at another carrier for time/frequency synchronization, but as discussed in [2], this is not needed if the positioning estimation also includes an offset parameter among the parameters to be estimated.
In order to support the UE needs A. listed above, we make the following observation
Observation 1: The UE can find time/frequency synchronization and retrieve SFN based on its current serving cell (current carrier), but optionally based on the current assistance data reference cell description and/or the current assistance data neighbor cell description.
This implies that the UE can use its serving cell without assistance data or be assisted via existing assistance data to support time/frequency synchronization and SFN retrieval
Proposal 1: Existing signaling is sufficient to support the UE for time/frequency synchronization and SFN retrieval.
Need B is supported by the legacy assistance data where the PCI is mandatory in both the reference cell and neighbor cell information. Moreover, it can also be supported by an updated PRS Info where the PRS ID is used to generate the PRS sequence. The PRS ID is equal to the PCI unless explicitly configured. This means that it is not necessary to include both in the assistance data. 
Observation 2: The UE can differentiate between different cells configured with different PCIs or PRS IDs by either using the current assistance data or an updated PRS Info including a PRS ID, but both are not needed.
The observation implies that new assistance data to support need B does not need to include PCI since the PSR Info with the new PRS ID is sufficient. Furthermore, the nomenclature neighbor cell information should not be reused in favor of neighbor information. 
In case the network contains either TPs/cells with the same PCI, or PRS-based TBS, where the ambition is to separate these TPs/cells by orthogonal muting patterns (need C and E), it is important to enable the UE to be able to separate the two entities in the assistance data on one hand, and in the measurement information on the other (see next section). One proposal is to separate TPs/cells by assigning different combinations of PCI (9 bits) and TP ID (12 bits). A more efficient approach is to instead assign an index to all listed entries in the neighbor information list, which has a maximum length of 24*3=72 cells for which 7 bits is sufficient. This is attractive for at least two reasons:
· we can represent the entry more compact
· we have a representation that also supports PRS-based TBS, which does not have a PCI.
The same is true also for need D and F, where the network contains TPs/cells with the same PCI or PRS-based TBS, and the ambition is instead to separate these TPs/cells by assigning different PRS IDs.
This can be summarized in the following observations:
Observation 3: PRS-based TBS TPs cannot be represented by PCI + TP ID since the PCI is missing
Observation 4: An index based approach can represent both PRS-based TBS TPs and same PCI TPs, and is also more compact.  
New OTDOA assistance data for neighbor information
Hence, from the analysis of the assistance data needs of the UE we have motivated the following proposals
Proposal 2: The new OTDOA assistance data for neighbor information only needs to include the PRS Info including the PRS ID, not PCI.
Proposal 3: The new OTDOA assistance data for neighbor information can include two or more elements configured with the same PRS ID and with mutually orthogonal muting patterns.
Proposal 4: The new OTDOA assistance data for neighbor information identifies each entry by an index.
Corresponding text proposals for the new OTDOA assistance data are provided in [1]. The new OTDOA assistance data for neighbor information is proposed to be introduced in a new list of neighbors, the OTDOA-NeighbourCellInfoList-r14. 
Since the neighbors do not need to be configured with a PCI, ECGI etc, the neighbor information in the assistance data can be made more compact as described in [1]. Essentially, the physical cell identity and ECGI can both be excluded and instead a neighborIndex-r14 is introduced to provide an identifier for each of the entries that can be used when reporting associated measurements. 
The index is mandatory in the new OTDOA assistance data neighbour elements OTDOA-NeighbourCellInfoElement-r14, and optional in the existing OTDOA assistance data. This is introduced via the conditional presence defined by IndexReporting, see [1]. The rationale is that the index can also be used for compact reporting of legacy neighbours, see the next section. 
The proposal is to introduce a new list of elements, where both the new and the existing list are limited to 3x24 elements. However, in order not to increase the storage and handling requirements for the UE, we propose to limit the combined total of the number of elements in these two lists to 3x24 neighbors. Furthermore, the location server ensures that the different indices in the combined lists are unique.
Proposal 5: Introduce the informative note “The number of elements in the OTDOA-NeighbourCellInfoList and OTDOA-NeighbourCellInfoList-r14 lists in total does not exceed 3x24 elements.” 
With the introduction of two different lists with neighbours, the existing list with detailed information (PCI, ECGI) and a new list with only the necessary information (PRS ID etc) it is possible to separate neighbours that can be used to retrieve t/f synchronization, SFN and SI in general from (legacy list of neighbours with the detailed information) from neighbours that cannot be used to retrieve this information (new list of neighbours). Hence, no explicit indication that the neighbour supports SFN and synchronization retrieval is needed.
Proposal 6: Elements in the existing OTDOA assistance data list of neighbours supports SFN and synchronization retrieval while elements in the new OTDOA assistance data list of neighbours do not.
OTDOA assistance data for reference information
The reference cell can be represented by the existing assistance data. Typically, the reference cell is the serving cell. The existing information enables retrieval of t/f synchronization, SFN etc. However, since the UE subject to positioning is in connected mode and is monitoring t/f synchronization and SFN via its serving cell, it seems unnecessary to repeat such information for the reference cell as well. Therefore, and alternative is to assume that the UE is maintaining SFN and t/f synchronization from its serving cell without the need of support from any information in the OTDOA assistance data.
Proposal 7: Study if the UE can support OTDOA without information in the assistance data to support t/f synchronization and SFN retrieval.
It thereby seems possible to exclude both PCI and ECGI from the new reference cell information. Also the index is excluded since it is proposed to explicitly define the reference cell index as 0.
Proposal 8: Define the index of the reference cell in the OTDOA assistance data to be 0.
The new reference cell info IE is conditionally present, since it can only be included if the existing reference cell info IE is not.
OTDOA assistance data for PRS Information
The PRS Info needs to be updated to include the PRS ID, where the PRS ID is conditional present The condition PRSID, see [1], means that the field is present for the new neighbor elements that are included in the OTDOA_neighborCellInfoElement-r14, where transmitters in the assistance data are defined using PRS ID, not PCI. In case the field is included for a reference cell or a legacy neighbor element, the field is optional.
OTDOA Signal Measurement Information
Analyzing the needs regarding the signal measurement reporting, it is important to support the different enhancements for same PCI and PRS-based TBS, but also to consider the efficiency of the representation in case use cases will be based on relatively frequent measurement reporting for positioning. 
Based on Observations 3 and 4 we can conclude that PCI + TP ID is not supporting all enhancements nor is signaling efficient. Instead, an approach based on indices seems more attractive since it supports both same PCI and PRS-based TBS while providing a more efficient signaling.
In the proposed new OTDOA assistance data, neighbors are assigned an index between 1 and 72. Furthermore, according to Proposal 8, the reference cell of the OTDOA assistance data is proposed to be defined as index 0 independent of whether the reference cell is defined via the existing IE, or via a new IE as discussed in the previous section. The indexing of the reference cell enables that the UE can change the reference to one of the neighbours instead.
This can be summarized in the following proposals:
Proposal 9: The new OTDOA signal measurement information identifies entities by the index from the new OTDOA assistance data
Proposal 10: The new OTDOA signal measurement information does not include PCI, ECGI, EARFCN, or TP ID.
In consideration of Proposal 8, the index 0 is used to represent the proposed reference cell from the assistance data.
The corresponding text proposals to introduce new OTDOA signal measurement information are provided in [1]. In summary, we propose to introduce a new neighbor measured list, while also maintaining support for the legacy neighbor measured list.

New UE OTDOA Capability
There is also the need for UE capability handling in relation to the new OTDOA assistance data and signal measurement information. Essentially, there are three capability indications needed:
· prsId-r14. Support for the PRS sequences generated based on PRS ID
· mutingPatternSeparation-r14. Support for separation of different transmission points configured with the same PRS but mutually different muting patterns
· indexReporting-r14. Support for index based assistance data and signal measurement information handling
Proposal 11: The UE indicates support for PRS ID based generation of PRSs via a dedicated capability
Proposal 12: The UE indicates support for separation of two transmission points configured with the same PRS but mutually orthogonal muting patterns via a dedicated capability.
Proposal 13: The UE indicates support for the index based assistance data and signal measurement information via a dedicated capability.
Conclusion
Based on the discussion we propose the following:

Observation 1: The UE can find time/frequency synchronization and retrieve SFN based on its current serving cell (current carrier), but optionally based on the current assistance data reference cell description and/or the current assistance data neighbor cell description.
Proposal 1: Existing signaling is sufficient to support the UE for time/frequency synchronization and SFN retrieval.
Observation 2: The UE can differentiate between different cells configured with different PCIs or PRS IDs by either using the current assistance data or an updated PRS Info including a PRS ID, but both are not needed.
Observation 3: PRS-based TBS TPs cannot be represented by PCI + TP ID since the PCI is missing
Observation 4: An index based approach can represent both PRS-based TBS TPs and same PCI TPs, and is also more compact.  
Proposal 2: The new OTDOA assistance data for neighbor information only needs to include the PRS Info including the PRS ID, not PCI.
Proposal 3: The new OTDOA assistance data for neighbor information can include two or more elements configured with the same PRS ID and with mutually orthogonal muting patterns.
Proposal 4: The new OTDOA assistance data for neighbor information identifies each entry by an index. 
Proposal 5: Introduce the informative note “The number of elements in the OTDOA-NeighbourCellInfoList and OTDOA-NeighbourCellInfoList-r14 lists in total does not exceed 3x24 elements.”
Proposal 6: Elements in the existing OTDOA assistance data list of neighbours supports SFN and synchronization retrieval while elements in the new OTDOA assistance data list of neighbours do not.
Proposal 7: Study if the UE can support OTDOA without information in the assistance data to support t/f synchronization and SFN retrieval.
Proposal 8: Define the index of the reference cell in the OTDOA assistance data to be 0.
Proposal 9: The new OTDOA signal measurement information identifies entities by the index from the new OTDOA assistance data
Proposal 10: The new OTDOA signal measurement information does not include PCI, ECGI, EARFCN, or TP ID.
Proposal 11: The UE indicates support for PRS ID based generation of PRSs via a dedicated capability
Proposal 12: The UE indicates support for separation of two transmission points configured with the same PRS but mutually orthogonal muting patterns via a dedicated capability.
Proposal 13: The UE indicates support for the index based assistance data and signal measurement information via a dedicated capability.
Corresponding text proposals for the running CR can be found in [1]
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