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1 Introduction
During RAN2#97bis it was agreed to have an email discussion on the signalling optimization for OTDOA via LPP in NB-IoT:
[97bis#33][eNB-IoT] Positioning (Ericsson)

· Email discussion (eNB-IoT) on positioning signalling overhead optimization, purpose to understand gains and complexity, can include also variants (Ericsson)
· Deadline: 04/27/2017

The deadline of the email discussion is Thursday, 2016-04-27, 23:59 Pacific Time. 
This report gives a summary of this email discussion.
2 Background

LPP message size

Because the NB-IoT UE has limited bandwidth, and in coverage enhancements may require many repetitions to send a large message, RAN2 agreed to limit the LPP message size:
maxNoOfRSTDmeas

This field, if present, indicates the maximum number of NeighbourMeasurementElement fields (i.e., RSTD measurements) the target device can provide in OTDOA-SignalMeasurementInformation.

messageSizeLimitNB

This field provides an octet limit on the amount of location information a target device can return.

· measurementLimit indicates the maximum amount of location information the target device should return in response to the RequestLocationInformation message received from the location server.
The limit applies to the overall size of the LPP message at LPP level (LPP Provide Location Information), and is specified in steps of 100 octets. The message size limit is then given by the value provided in measurementLimit times 100 octets.
The signalling optimization discussed in this email discussion fits into this approach, i.e. enabling the UE to report more measurement results/neighbours with the same LPP message size. The use of cell index to reduce the signalling is already used with prsNeighbourCellIndex. 
RAN2#97bis
During RAN2#97bis a possible LPP signalling optimization for OTDOA in NB-IoT was discussed [1], [2].

The LPP signalling optimization aims to limit the size of IE OTDOA-SignalMeasurementInformation, which contains the RSTD measurement results of the UE. This IE is included in ProvideLocationInformation message, which provides positioning measurements / estimates of the UE to the E-SMLC.
The IE OTDOA-SignalMeasurementInformation includes a neighbor list up to 24 cells, but also two extension markers (3 octets each) for each neighbor cell entry: 
NeighbourMeasurementList ::= SEQUENCE (SIZE(1..24)) OF NeighbourMeasurementElement

NeighbourMeasurementElement ::= SEQUENCE {


physCellIdNeighbour

INTEGER (0..503),


cellGlobalIdNeighbour
ECGI




OPTIONAL,


earfcnNeighbour


ARFCN-ValueEUTRA

OPTIONAL,

-- Cond NotSameAsRef2


rstd




INTEGER (0..12711),


rstd-Quality


OTDOA-MeasQuality,


...,


[[ earfcnNeighbour-v9a0
ARFCN-ValueEUTRA-v9a0
OPTIONAL

-- Cond NotSameAsRef3


]],


[[ tpIdNeighbour-r14
INTEGER (0..4095)

OPTIONAL,

-- Cond ProvidedByServer0


   prsIdNeighbour-r14
INTEGER (0..4095)

OPTIONAL,

-- Cond ProvidedByServer1


   delta-rstd-r14

INTEGER (0..5)


OPTIONAL,


   additionalPathsNeighbour-r14









AdditionalPathList-r14
OPTIONAL,



nprsIdNeighbour-r14
INTEGER (0..4095)

OPTIONAL,

-- Cond ProvidedByServer2



carrierFreqOffsetNB-Neighbour-r14








CarrierFreqOffsetNB-r14
OPTIONAL

-- Cond NB-IoT

]]
}
In the optimized ASN.1 structure there are no extension markers, and a reference to the cell index is used, instead of signaling the identities explicitly: 
OTDOA-SignalMeasurementInformation-NB-r14 ::= SEQUENCE {

    systemFrameNumber-r14      
BIT STRING (SIZE (10)),

    refCellIndex-r14            INTEGER (0..72)            
OPTIONAL,   -- Cond ProvidedByServer0

    refCellIndex-NB-r14         INTEGER (0..72)            
OPTIONAL,   -- Cond ProvidedByServer1

    referenceQuality-r14        OTDOA-MeasQuality          
OPTIONAL,

    neighbourMeasurementList-NB-r14 









NeighbourMeasurementList-NB-r14
OPTIONAL,

    additionalPathsRef-r14      AdditionalPathList-r14  
OPTIONAL,

    hyperSFN-r14                BIT STRING (SIZE (10)) 
 
OPTIONAL    -- Cond H-SFN

}

NeighbourMeasurementList-NB-r14 ::= SEQUENCE (SIZE(1..24)) OF NeighbourMeasurementElement-NB-r14

NeighbourMeasurementElement-NB-r14 ::= SEQUENCE {

    neighbourCellIndex-r14         INTEGER (0..72)          OPTIONAL,   -- Cond ProvidedByServer0

    neighbourCellIndex-NB-r14      INTEGER (0..72)          OPTIONAL,   -- Cond ProvidedByServer1

    rstd-r14                       INTEGER (0..12711),

    rstd-Quality-r14               OTDOA-MeasQuality,

    delta-rstd-r14                 INTEGER (0..5)           OPTIONAL,

    additionalPathsNeighbour-r14   AdditionalPathList-r14   OPTIONAL

}

	Conditional presence
	Explanation

	ProvidedByServer0
	The target device shall include this field if a tpId for this transmission point is included in the OTDOA-ProvideAssistanceData. Otherwise the field is absent.

	ProvidedByServer1
	The target device shall include this field if a prsID for this transmission point is included in the OTDOA-ProvideAssistanceData. Otherwise the field is absent.

	ProvidedByServer2
	The target device shall include this field if an nprsID for this cell is included in the OTDOA-ProvideAssistanceData and if this cell is a NB-IoT only cell (without associated LTE PRS cell). Otherwise the field is absent.

	NB-IoT
	The target device shall include this field if the cell is a NB-IoT only cell (without associated LTE PRS cell). Otherwise the field is absent.


The optimized LPP signalling is provided in CR 36.355 [2]. 

3 Discussion
The following topics are discussed: 
1. Signalling gain
2. Unsolicited reporting
3. Assistance data in SI
For each issue a short background information is provided.

Signalling gain
A quantitative estimation of the possible gain is done, with the following assumptions:

· Reference cell:

· Included: SFN, PCI, reference Quality (including num samples), PRS ID, NPRS ID, NB carrier offset, hyper SFN

· Excluded: ECGI, EARFCN , TP ID, AdditionalPaths

· Neighbour cell:

· Included: PCI, RSTD, RSTD Quality (including num samples), PRS ID, delta RSTD, NPRS ID, NB carrier offset

· Excluded: ECGI, EARFCN , TP ID, AdditionalPaths

Compared with the legacy signaling the signaling optimizations (omission of extension addition groups, and use of cell index) are listed below per neighbor: 

	
	Legacy
	Bits
	New
	Bits

	LTE neighbour
	physCellIdNeighbour
	9
	neighbourCellIndex
	7

	
	prsIdNeighbour
	12
	
	

	
	rstd
	14
	rstd
	14

	
	rstd-Quality
	10
	rstd-Quality
	10

	
	delta-rstd
	3
	delta-rstd
	3

	
	addition groups
	48
	
	

	Total
	
	96
	
	34

	NB-IoT neighbour
	physCellIdNeighbour
	9
	neighbourCellIndex-NB
	7

	
	nprsIdNeighbour
	12
	
	

	
	carrierFreqOffsetNB-Neighbour
	5
	
	

	
	rstd
	14
	rstd
	14

	
	rstd-Quality
	10
	rstd-Quality
	10

	
	delta-rstd
	3
	delta-rstd
	3

	
	addition groups
	48
	
	

	Total
	
	101
	
	34


Thus assuming that the UE report 5 LTE neighbor and 5 NB-IoT neighbours gives a legacy neighbor list size of 5x96+5x101= 985 bits and with the reduced neighbor list 5x34+5x34= 340 bits i.e. size reduction of 65%. 

Issue 1: With the ASN.1 enhancement the message size can potentially be halved, or 50% more neighbour cells can be reported, increasing the measurement accuracy
	Company
	Comments

	Ericsson 
	We see a clear benefit with this ASN.1 enhancement. 

	Qualcomm
	The Issue 1 statement is misleading. 

The proposed approach may reduce the OTDOA measurement report message size, if there is no ambiguity in the proposed Cell Index. That is, the Cell Index can always be associated with the corresponding cell IDs by the location server. However, this does not mean that “50% more neighbour cells can be reported, increasing the measurement accuracy”. 

The proposed approach works only if there were assistance data delivered to the UE as part of the same location session (e.g. the UE would not be able to re-use any previously acquired and stored assistance data). However, the assistance data message size is much larger than the OTDOA measurement report message. The UE can only report as many neighbour cells as provided in the assistance data with this approach. If the UE is in enhanced coverage, the DL message size is limited as well. Therefore, the UE may be able to receive only a few cells in the assistance data with or without the proposed UL message size reduction. The UE can only report measurements for the provided assistance data cells with this approach. Therefore, there would be no increase in reported neighbour cells or measurement accuracy. 

Another limitation may occur when additional assistance data is sent – either on demand from the UE or unsolicited from the location server. For example, with enhanced coverage, a location server might send assistance data for say only 12 cells initially, If this is acknowledged by the UE quickly (e.g. within 5 seconds) – meaning that coverage is better than expected – the location server can send assistance data for more cells. In addition or alternatively, after receiving the LPP Request Location Information, a UE might request addional assistance data (e.g. if only able to measure a couple of the provided cells). The additional cells would need to be included in the indexing scheme in some unambiguous manner.

The proposed approach would not work if there is no unique association between assistance data and measurement report (see issue 2 and 3).

UL message size could be more efficiently reduced if UE-based OTDOA is enabled (which is part of the ongoing LTE positioning enhancement WI (RP-170813)). In this case, the UL message would only consist of UE location (latitude/longitude).

	Huawei
	We think that the enhancement is beneficial for signalling overhead in certain scenario and that some parameters can be optimized, e.g. PCI, ECGI, nprsid, and carrierFreqOffsetNB. On the other hand, we are not sure that other parameters, such as tpId and additionalPaths, introduced for LTE are applicable to NB-IoT.


	Intel
	We are not convinced that further ASN.1 enhancement for reducing the size of IE OTDOA-SignalMeasurementInformation is really needed. We think that the existing mechanisms within LPP provide sufficient means for signalling optimization. 

· In OTDOA-RequestLocationInformation the server could set maxNoOfRSTDmeas-r14 to a desired lower value thereby limiting the number of measurements sent by UE. 

· Also, in the downlink, the server could choose to provide assistance data for fewer neighbouring cells in OTDOA-NeighbourCellInfoList. This would implicitly limit the number of neighbouring cell measurements sent by UE.

Furthermore, we think that the proposed enhancement by using cell indices may create ambiguity in the location server when used in the following scenario described below.
· There are parallel LPP sessions active. Assistance data were provided by location server for one of the sessions but not for all, but UE could reuse the assistance data for the other sessions as well. In this case then the reported OTDOA-SignalMeasurementInformation using cell indices corresponding to an LPP session for which no assistance data were provided, would not be unique and create ambiguity in the location server as it may not know to which neighbour cell list the used cell indices refer to.
And regarding the quantitative estimation of the signaling gain, we think that TP ID (for shared cell-id scenario) and AdditionalPaths can be applicable for NB-IoT hence they should not be excluded. As result, the potential signalling gain would then be reduced.

	III
	Agree with Intel that cell indices may create ambiguity in the E-SMLC. Additionally, when small cells are introduced in the future release, it would increase the complexity for assigning the cell ID. 

	LG Electronics
	To clarify which information should be included or not, we wonder if LS to RAN1 is needed.


Unsolicited LPP reports
According to 36.305 LPP procedures (i.e. transfer of UE capabilities, assistance information and location information) may include “unsolicited” messages that do not follow the strict request/response pairing of messages. Furthermore multiple procedures may be performed in series or in parallel. 
However the UE will not send OTDOA measurement results, without having received OTDOA assistance data, because the UE is not capable of blindly decoding PRS or NPRS, i.e. they are not sent unsolicited. 
Issue 2: OTDOA measurement results in NB-IoT are sent after the UE has been configured with assistance data
	Company
	Comments

	Ericsson
	We are not sure if the ASN.1 enhancement is limiting the sending of unsolicited LPP message in NB-IoT. 

	Qualcomm
	Some examples where OTDOA measurement results can be sent without the UE being configured with assistance data (NOTE: our understanding of “being configured with assistance data” is that the LPP Assistance Data delivery and LPP Location Information exchange is part of the same location session. Only then an association between assistance data and measured cells via the proposed Cell Index appears feasible):

1. In general, there is no requirement to use PRS or NPRS for RSTD measurements. The UE can in principle use any signal (e.g., SS, RS, etc.), which may not always require assistance data.
2. The UE may have previously acquired assistance data stored, and can re-use them during a later location session; for example as part of an MO-LR procedure; e.g., for position calculation or for requesting assistance data (24.171, 24.080).

3. Unsolicited RSTD measurement reporting seem likely when broadcast of assistance data is enabled (in Rel-15). Each eNB may typically broadcast a different assistance data message (e.g., the neighbour cells are different). Therefore, the location server does not know from which eNB the assistance data were acquired. The UE may also use a mix of assistance data acquired from different eNBs. 

4. Unsolicited measurement reporting at service layer (similar to MO-LR) is also supported in SUPL (LPP is also used in SUPL). Similar as above, this would not be possible anymore with the proposed approach.
5. Measurement reporting can occur in a solicited manner but in the absence of a single set of assistance data for a deferred EPC-MT-LR for periodic and triggered location (see TS 23.271 section 9.1.19.1). In this case, the UE could send an MO-LR request (at step 14 for section 9.1.19.1 in TS 23.271) containing an LPP Provide Location Information message (as allowed in TS 24.080) containing RSTD measurements for OTDOA to enable an E-SMLC to determine a new location for the UE (at steps 15-17 for section 9.1.19.1 in 23.271). The RSTD measurements could be based on one or more sets of assistance data previously received from an E-SMLC some time in the past. However, the RSTD measurements may be sent to a different E-SMLC than the E-SMLC that sent the assistance data and/or may refer to more than one set of assistance data, making it impossible to usefully index the measured cells. 

From the discussion in section 3, it appears that most of the bit savings is achieved by removing the ASN.1 extension group (48 bits). Therefore, keeping the cell ID information in the measurement report, but removing the extension groups would provide similar bit savings without the restrictions above. However, this (as well as the proposed) approach does not allow to easily extend the measurement report in the future.  

	HW
	We also think the UE should receive the assistance data first before the sending measurement results to the E-SMLC , as stated in TS 36.355

“The RSTD measurements are provided for a neighbour cell and the RSTD reference cell, both of which are provided in the IE OTDOA-ProvideAssistanceData.”
We think that unsolicited location reporting could rely on stored assistance data. But to use the proposed signalling enhancement, the E-SMLC would have to keep the assistance data that has been sent to each UE. So we think it is not worth using the signalling enhancement for unsolicited location reporting. 

	Intel
	We tend to agree with Qualcomm that OTDOA measurement results can be sent unsolicited.

	III
	Agree with Qualcomm that OTDOA measurement reports could be sent unsolicited. 

	LG Electronics
	Agree with Qualcomm.


Assistance data in system information
The option to introduce OTDOA assistance data in system information has been discussed in RAN2, and may be discussed and agreed in later releases. In case OTDOA assistance data is introduced in system information, the UE can refer to the cell index used in system information (and indicate that the UE has used the assistance data in system information). 
Issue 3: In case OTDOA assistance data is introduced in system information, the UE can refer to the cell index used in system information. 
	Company
	Comments

	Ericsson
	In case OTDOA assistance data is introduced in later release, the UE would need to indicate that it used the assistance data from system information. 

	Qualcomm
	See above.

	Huawei
	This can be discussed later when / if we introduce broadcast of assistance data.

	Intel
	It is too early to decide on as details of provisioning of OTDOA assistance data in SIB has not been discussed yet.

	III
	This issue should be discussed with OTDOA assistance data broadcasting. 

	LG Electronics.
	Agree with Intel. Include LPP-related information in SIB seems to be discussed in later release.


Other

In RAN2#97bis, the paper R2-1703185 proposed that NPRS-SequenceInfo and earfcn are used to indicate the carrier frequency of the NB-IoT NPRS in in-band operation mode. It was commented that it would require to signal the LTE bandwidth but it is not necessary as described below.
For the NB-IoT NPRS carrier in inband operation mode, nprsSequenceInfo is signaled to the UE, it indicates the corresponding E-UTRA PRB index of the NB-IoT carrier as below:
nprsSequenceInfo to E‑UTRA PRB index relation
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	0 - 74
	-37, -36, …, 37
	75 – 174
	-50, -49, …, 49


The nprsSequenceInfo indicates two parameters, i.e. odd or even number of the E-UTRA carrier and PRB index, which can define the frequency offset between the E-UTRA carrier and the NB-IoT carrier. Therefore, the carrier frequency of the NB-IoT carrier can be derived from the E-UTRA carrier frequency as follows:
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So NPRS-SequenceInfo and earfcn can be used to indicate the carrier frequency of the NB-IoT NPRS in in-band operation mode.  If the optimisation is agreed, the signalling overhead can be reduced significantly.
	
	legacy 
(bits)
	With the optimisation 
(bits)

	OTDOA-NeighbourCellInfoNB
	
	

	- earfcn 
	0
	18

	- nprs-Info (1.. maxCarrier)
	
	

	 - nprs-Carrier
	carrierFreq
	18 
	0

	
	carrierFreqOffset
	5
	0

	     - nprsSequenceInfo
	8
	8

	Total per NPRS carrier
	31
	8


Issue 4: Companies are invited to provide their view on this proposed optimization: 
	Company
	Comments

	HW
	We think it can provide significant signalling overhead reduction, e.g., for 5 NPRS carriers: 18 + 5 x ( 31-8) = 97 bits


4 Summary of email discussion
Six companies replied to this email discussion.
Issue 1: With the ASN.1 enhancement the message size can potentially be halved, or 50% more neighbour cells can be reported, increasing the measurement accuracy

Some companies see the benefits of the ASN.1 enhancement, but some companies commented:

· General: ambiguity to associate cell indices in server and no support for unsolicited reports
· UE does not report more cells than provided in assistance data
· UE can sent unsolicited results based on stored assistance data
· How to associate additional assistance data that is sent
· Support of parallel LPP sessions

· Report size can be limited with maxNoOfRSTDmeas-r14 and #cells in OTDOA-NeighbourCellInfoList
· Small cell deployments (more Cell IDs to manage)
Issue 2: OTDOA measurement results in NB-IoT are sent after the UE has been configured with assistance data

Most companies think that OTDOA measurement results can be sent unsolicited or that there is no strict request-response association
Issue 3: In case OTDOA assistance data is introduced in system information, the UE can refer to the cell index used in system information. 

One companies thinks that the ASN.1 enhancement can work with assistance data in system information. Most companies think this should be discussed more when assistance data is introduced in system information
Issue 4: Companies are invited to provide their view on this proposed optimization (see chapter 3 for details): 

One company brought up a further enhancement of an optimization discussed during RAN2#98 (R2-1703185) which was agreed not be pursued. 
5 Proposed way forward
Based on the email response there seems to be a general concern that with certain use cases, mainly unsolicited reports, there is ambiguity in the server to interpret the measurement results when cell indices are used. One company however has the opinion that these use cases are not applicable.
The ASN.1 enhancement [2] contains two parts:

1. Use of cell indices instead of explicit identities

2. Removal of extension additions groups (3 octets for each neighbour cell entry)

No concerns were raised with removing the extension additions groups, which is the larger part of the message size reduction. Therefore it is proposed:
Proposal 1: RAN2 not to pursue ASN.1 enhancements OTDOA signalling using cell indices in REL-13.
Proposal 2: RAN2 to discuss to introduce a new IE OTDOA-SignalMeasurementInformation without extension additions groups in the neighbour cell list.
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