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1 Background
The objectives for E-CID, OTDOA and UTDOA positioning in NB-IoT are [1]:

Introduce E-CID core requirements:

· RSRP/RSRQ measurement [RAN4 only]

· UE Rx-Tx time difference measurement [RAN4 only]

· OTDOA is supported

· Baseline signal(s) are: NB-IoT Rel-13 signals, LTE CRS/PRS in 1 PRB

· To use a new signal other than above, RAN1 should find substantial performance/UE complexity benefit over using a signal in the above list, without significant UE complexity or power consumption impact

· UTDOA positioning is supported under the following conditions:

· It uses an existing NB-IoT transmission

· It can be used by Rel-13 UEs

· Any signal used for positioning needs to have its accuracy, complexity, UE power consumption performance confirmed in RAN1

· Final approval of RAN3, RAN4 CRs relating to a particular method (OTDOA/UTDOA) are conditional on this RAN1 verification

RAN1 did not conclude on UTDOA: 

· RAN1 could not discuss nor agree all proposed observations proposed by Ad-Hoc chair (Huawei) and proposed observations by R1-1613564.
UTDOA uses existing NB-IoT transmission and works with Rel-13 UEs, i.e. no RAN2 impact is assumed. UTDOA is not further discussed in this contribution. 

In RAN2#96 the following agreements for positioning were made:

· Confirm that the E-UTRAN Positioning Architecture and Protocols are reused in NB-IoT.

· LPP is used as positioning protocol for NB-IoT devices, with positioning method specific modifications and additions dependent on RAN1 agreements. (this doesn’t exclude LPPa for eNB measurements)
· RAN2 understands that SA2 has decided that the E-SMLC is made aware of the access type being used by a UE (e.g., NB-IoT access), e.g., in a LCS-AP Location Request message. 
· Adapt LPP to support positioning measurements in idle mode (note that LPP already support positioning measurements in connected mode). 
· FFS whether broadcast of positioning assistance data for NB-IoT is supported.
RAN1 indicated the OTDOA agreements in [2].

RAN3 is waiting for RAN1 input for the impact on LPPa and SLm.
RAN4 agreed on the simulation assumption for the UE Rx-Tx time difference measurements [3] and discussed the UE Rx-Tx time difference measurements with half-duplex in NB-IoT. For the latter issue RAN4 send and LS to RAN1 [4] to indicate that the downlink reception and uplink transmission may not be always possible in the same radio frame #i, due to a possibly large number of repetitions in DL, UL or both. RAN4 discussed the simulation results for OTDOA, but no conclusions were reached. RAN4 did not agree on the simulation assumptions for UTDOA. 

The following topics are discussed in this contribution:

· UE Rx-Tx time difference measurements

· Idle and Connected mode positioning measurements
2 Discussion

UE Rx-Tx time difference measurements
The UE Rx-TX time difference measurements, and the need for UL transmissions will be discussed further in RAN1 [5], [6] and RAN4. From RAN2 perspective we assume that no new signalling is required to trigger UL transmissions for UE Rx-TX time difference measurements: 
Working assumption: No new RRC signalling is needed to enable UE Rx-TX time difference measurements configured via LPP in NB-IoT. 
Idle or Connected mode positioning measurements
In case the UE wants to perform the positioning measurements in Idle mode, then the UE needs to be released to Idle mode: 
Observation: An autonomous release, to perform positioning measurements in Idle mode, has a negative impact on the eNB.
There is negative impact on eNB scheduling and capacity, when the UE leaves without informing the eNB.  Furthermore network performance statistics may be negatively impacted with these unexpected connection losses. 

To enable a controlled transition into Idle mode it is proposed to introduce a new RRC message, in which the UE can indicate whether it requires Idle mode or connected mode to perform positioning methods: 

Proposal 1: Introduce RRC message to indicate that the UE requires to perform positioning measurements in connected or idle mode.
Release Assistance Indication (RAI) has not been agreed, but may not be suitable because the UE cannot send RAI without UL/DL data transfer. 
A draft CR for 36.331 is provided for information. 

Proposal 2: Send LS to RAN4 about RAN2 agreements.
3 Summary

RAN2 is kindly asked to discuss signaling to support positioning measurements in NB-IoT: 

Proposal 1: Introduce RRC message to indicate that the UE requires to perform positioning measurements in connected or idle mode.
Proposal 2: Send LS to RAN4 about RAN2 agreements.
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5 Appendix A: RAN1#87 NB-IoT OTDOA enhancements agreements

Agreements

For inband scenario
· If NPRS subframe configuration is part A or Part A + Part B, legacy LTE PRS pattern in one PRB is adopted
· The NPRS location in slot is generated by the formula below
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· If NPRS subframe configuration is part B only, NPRS is punctured in OFDM symbols 5 and 6 in each slot
Agreements:

For standalone and guard-band scenario

· If NPRS subframe configuration is part A or Part A+ Part B,  the  pattern in the figure below is adopted 
· The NPRS location in slot is generated by the formula list below:
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· If  NPRS subframe configuration is part B,  NPRS is punctured in OFDM symbols 5 and 6 in each slot
Agreements:

· NPRS is configured per NB-IoT carrier transmitting NPRS

· Each NB-IoT carrier can have different configuration parameter

· Part A:A bitmap for NPRS subframe indication in one NPRS occasion

· bitmap length is the same as valid subframe configuration, i.e. 10 bits or 40 bits

· Subframes not containing NPRS are indicated with ‘0’

· Subframes containing NPRS are indicated with ‘1’

Agreements:

· Signalling is provided for the UE to indicate its capability of  maximal bandwidth for RSTD measurement for OTDOA positioning to the E-SMLC in LPP

· An NB-IoT UE can receive assistance information regarding LTE PRS.

· This includes additional PRS configurations introduced in Rel-14 Indoor Positioning and FeMTC work items (if any).

· UE is not required to receive any reference signal not within the bandwidth of one NB-IoT carrier containing NPRS at a time.

· RAN4 are requested to set requirements for NB-IoT positioning assuming UE uses only NPRS within one carrier.

· Additionally or alternatively, an NB-IoT UE can receive assistance information regarding 1-PRB NPRS

· For Part-B NB-IoT specific assistance information:

· Number of subframes of NPRS in one occasion is NPRS {10, 20, 40, 80, 160, 320, 640, 1280} 

· Periodicity of NPRS occasion TPRS: 160ms, 320ms, 640ms, 1280ms.

· Valid configurations are those satisfying NPRS <= TPRS
· For a given periodicity of NPRS occasion, the starting subframe offset of NPRS occasion = [image: image25.png]aTpPRS
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Agreements

· NPRS sequence is determined based on a subsequence of length-2 truncated from PRS sequence introduced in Rel-14 for further indoor positioning enhancements.

· For stand-alone and guard band operations, the length-2 NPRS sequence is the central 2 elements of Rel-14 PRS sequence.

· For in-band operation, the length-2 NPRS sequence is truncated from Rel-14 PRS sequence corresponding to the LTE PRB of the NB-IoT carrier.

Agreements:

· Muting pattern

· Support 2, 4, 8, and 16 bit bitstring

· Each bit in a muting pattern corresponds to:

· For Part A, consecutive 10 subframes

· For Part B,  one NPRS occasion

· Per NB-IoT carrier, one muting pattern is signaled associated with Part A (if configured) and one muting pattern is signaled associated with Part B (if configured) 

Agreement:

· If part A and part B are both configured then a subframe contains NPRS if both configurations indicate it contains NPRS 

Agreements:

· UE is not required to receive NPSS/NSSS, NPBCH, NPDCCH, NPDSCH, nor transmit, during RSTD measurements.
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