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1 Introduction
 In RAN1#84bis, the following was agreed:

Agreement:

· As a starting point for Rel-14 WI, RAN1 decides to prioritize the following:

· OTDOA enhancements for the same PCI:

· Support positioning related reporting by a UE corresponding to the respective PRS muting pattern per TP

· Support virtual cell ID per TP

· FFS: How to generate PRS sequence /v_shift with the virtual cell ID per TP until RAN1#85

 This contribution discusses further remaining details on OTDOA enhancements for the same PCID scenario. We also discuss and propose CRS usage together with PRS for OTDOA enhancement.
2 Further Details on OTDOA Enhancements (Same PCID)
 Regarding PRS muting based solution for the same PCID scenario, it has been proposed to define ‘PRS measurement ID (i.e. measPRS-Id-r14)’ (similar to measCSI-RS-Id-r12 in CSI-RS based small cell discovery signal) where UE reports RSTD measurement together with measPRS-Id-r14 so that the location server can figure out which TP was used for RSTD measurement [1]. A measPRS-Id-r14 comprises PRS muting pattern and/or VCID. PRS muting pattern does not need to newly specified (for backward compatibility) but VCID (used for PRS sequence generation) needs to be newly specified. This way can also guarantee the backward compatibility. 
 The maximum number of measCSI-RS-Id-r12 in CSI-RS based DRS is 96. The number may be sufficient in small cell discovery to distinguish the TPs. However, in OTDOA, more TPs/cells need to be used to improve the location accuracy. The number 504 which is the number of PCIDs may be considered for the maximum number of measPRS-Id-r14.

Proposal 1: Support positioning related reporting by a UE corresponding to the respective PRS muting pattern per TP 
· Define a PRS measurement ID (e.g. measPRS-Id-r14) for each PRS info with range from 0 to 503 
· UE reports measPRS-Id-r14 together with RSTD measurement, if configured.
 Regarding PRS sequence generation and v_shift with the virtual cell ID per TP, it is straightforward to replace PCID to VCID as in DM RS and CSI-RS.
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 is the slot number within a radio frame, 
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 is the OFDM symbol number within the slot. The pseudo-random sequence 
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 at the start of each OFDM symbol where 


[image: image7.wmf]î

í

ì

=

CP

 

extended

for 

0

CP

 

normal

for 

1

CP

N


The quantity 
[image: image8.wmf]PRS

ID

N

 equals 
[image: image9.wmf]cell

ID

N

 unless configured by higher layers.
…

[image: image10.wmf]6

mod

PRS

ID

shift

N

v

=


…




The range of 
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is 0 to 503, which should be sufficient for the purpose of TP identification also considering cell planning (and the range is the same as for DM RS and CSI-RS as scrambling ID).
Proposal 2: PRS sequence generation
	The reference-signal sequence 
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 at the start of each OFDM symbol where 
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Proposal 3: PRS v_shift

	
[image: image21.wmf]6

mod

PRS

ID

shift

N

v

=




Given above proposals, one example of ASN.1 code changes in TS36.355 [3] for configuring PRS measurement ID and scrambling ID within OTDOA-NeighbourCellInfoList is shown below:
	-- ASN1START

OTDOA-NeighbourCellInfoList ::= SEQUENCE (SIZE (1..maxFreqLayers)) OF OTDOA-NeighbourFreqInfo

OTDOA-NeighbourFreqInfo ::= SEQUENCE (SIZE (1..24)) OF OTDOA-NeighbourCellInfoElement
OTDOA-NeighbourCellInfoElement ::= SEQUENCE {

physCellId






INTEGER (0..503),


cellGlobalId





ECGI



OPTIONAL,

-- Need ON


earfcn







ARFCN-ValueEUTRA
OPTIONAL,

-- Cond NotSameAsRef0


cpLength






ENUMERATED {normal, extended, ...} 
















OPTIONAL,

-- Cond NotSameAsRef1


prsInfo







PRS-Info


OPTIONAL,

-- Cond NotSameAsRef2


antennaPortConfig




ENUMERATED {ports-1-or-2, ports-4, ...}
















OPTIONAL,  

-- Cond NotsameAsRef3


slotNumberOffset




INTEGER (0..19)

OPTIONAL,

-- Cond NotSameAsRef4


prs-SubframeOffset




INTEGER (0..1279)
OPTIONAL,

-- Cond InterFreq


expectedRSTD





INTEGER (0..16383),


expectedRSTD-Uncertainty


INTEGER (0..1023),


...,


[[ earfcn-v9a0




ARFCN-ValueEUTRA-v9a0
OPTIONAL

-- Cond NotSameAsRef5


]],
    [[ measPRS-Id-r14                  INTEGER (0..503)     OPTIONAL,       -- Need OP
       scramblingIdentity-r14

   INTEGER (0..503)     OPTIONAL        -- Need OP  

    ]]

}

maxFreqLayers
INTEGER ::= 3

-- ASN1STOP





3 CRS Usage together with PRS [2]
 By utilizing both CRS and PRS, the RSTD measurement performances can be significantly improved as described in TR37.857[2]. This feature would require a minor specification update to enable “PRS+CRS” to be used together. First, CP length for CRS would need to be clarified. In current TS 36.355[3], cpLength field in IE OTDOA-ReferenceCellInfo specifies the cyclic prefix length of the assistance data reference cell PRS if the prsInfo field is present; otherwise this field specifies the cyclic prefix length of the assistance data reference cell CRS. Also, cpLength field in IE OTDOA-NeighbourCellInfoElement specifies the cyclic prefix length of the neighbour cell PRS if PRS is present in this neighbour cell; otherwise this field specifies the cyclic prefix length of CRS in this neighbour cell. 
 Therefore, if PRS is present, there is no information about CP for CRS. Second, QCL assumption between PRS and CRS would need to be clarified to utilize both for RSTD measurement. If it could be further clarified to assume the same antenna ports between PRS and CRS, even coherent accumulation between PRS and CRS would be possible.

 Therefore, this method is not foreseen to impact RAN1 specification, but only some adjustments of TS36.355 [3] are required to support this feature.
Proposal 4: CRS usage together with PRS is supported for OTDOA enhancement:
· If CRS usage together with PRS is configured, 

· Signal CP information for CRS if PRS is present

· Quasi-collocation between PRS and CRS is assumed

4 Conclusion
This contribution discussed the further details on OTDOA enhancements for the same PCID scenario and CRS usage together with PRS for OTDOA enhancement. Based on the discussions so far, the proposals are summarized as below and it is also proposed to send the related LS to RAN2, RAN3 and RAN4.
Proposal 1: Support positioning related reporting by a UE corresponding to the respective PRS muting pattern per TP 
· Define a PRS measurement ID (e.g. measPRS-Id-r14) for each PRS info with range from 0 to 503 
· UE reports measPRS-Id-r14 together with RSTD measurement, if configured.

Proposal 2: PRS sequence generation
	The reference-signal sequence 
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 at the start of each OFDM symbol where 
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Proposal 3: PRS v_shift
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Proposal 4: CRS usage together with PRS is supported for OTDOA enhancement:

· If CRS usage together with PRS is configured, 

· Signal CP information for CRS if PRS is present

· Quasi-collocation between PRS and CRS is assumed
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