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1 Introduction

At last RAN2#96 meeting the following agreements were made with regards to support of positioning in NB-IoT:
· 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.
In order to further progress on this topic, the email discussions [2], [3] were held. Referring to the comments made by the participating companies during the email discussions, there are still some open issues on support of positioning in NB-IoT which need to be clarified. Therefore, in this contribution we discuss these open issues with focus on OTDOA and E-CID as only these methods are in the scope of the eNB-IoT WID [1].
2 Discussion
2.1 OTDOA
A. RSTD measurements in connected and idle mode

Following the agreements from RAN2#96 meeting, RSTD measurements in connected mode are supported in NB-IoT as baseline, and referring to the RAN1 design of new NPRS [5], it may take longer time for the UE to perform the RSTD measurements due to its limited resources. For instance, the density of the configured NPRS subframes in a cell can be very high to achieve the required RSTD measurement accuracy. Referring to NPRS subframe configuration Part B, see Figure 1 below and Table 1 in the Annex, the number of consecutive NPRS subframes within a NPRS period is in the value range {10, 20, 40, 80, 160, 320, 640, 1280} in ms. That means when high values for consecutive NPRS subframes are configured (e.g. 640 or 1280ms) in a cell, this would impact the normal data transmission in uplink or downlink in UE’s serving cell.
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Figure 1: Example for NPRS subframe configuration Part B
However, in order to allow the UE to perform the RSTD measurements in connected mode with the required RSTD measurement accuracy, RAN1 made the agreement below [4]:
· UE is not required to receive NPSS/NSSS, NPBCH, NPDCCH, NPDSCH, nor transmit, during RSTD measurements.

To our understanding, the above RAN1 agreement also implies that no measurement gaps for intra-/inter-frequency RSTD measurements in UE’s serving cell are needed. We think, in most cases the impacts to the normal data transmission in uplink or downlink due to RSTD measurements may be acceptable, as the triggering of location measurements by the E-SMLC may not happen too often. However, in the cases where high values for consecutive NPRS subframes are configured (e.g. 640 or 1280ms) the impacts to the normal data transmission in UL or DL due to RSTD measurements may not be acceptable. In this cases it might be better to let the UE perform RSTD measurements in idle mode. 
Proposal 1: OTDOA is supported in both connected and idle mode.
However, if OTDOA is supported in both connected and idle mode, then the question is how the RSTD measurements are triggered in either mode. We identified here two basic options:

1. Network-based: Based on the knowledge of E-SMLC that a location for a NB-IoT UE shall be determined, the E-SMLC can explicitly signal to the NB-IoT UE via LPP to perform RSTD measurements in connected or idle mode. 

2. UE-based: Based on the OTDOA configuration that the NB-IoT UE receives from E-SMLC per LPP, the NB-IoT UE can decide autonomously by applying certain criteria to perform the requested RSTD measurements either in connected or idle mode.
Proposal 2: To discuss the options (Network-based, UE-based) for triggering the RSTD measurements in either connected or idle mode. 
As mentioned, if RSTD measurements need to be performed in connected mode, then depending on the OTDOA configuration the UE received from E-SMLC via LPP, the UE has to be kept by eNB in connected mode for a longer time. However, the eNB is not aware of the LPP signaling, so the eNB may release the UE to idle mode due to inactivity in UL or DL which would affect UE’s measurement activity. In the email discussion [2] the proposal was made for introducing an RRC message to indicate to the eNB that the UE requires to perform RSTD measurements in connected mode. We think that such message is useful for indicating start/stop of RSTD measurements by the UE, and requesting DRX in case DRX is not configured, or longer DRX. With this kind of indication the eNB would also know that the UE may not receive NPSS/NSSS, NPBCH, NPDCCH, NPDSCH, nor transmit, during RSTD measurements. 
Proposal 3: To introduce a new RRC message to indicate to the eNB that the UE requires to perform RSTD measurements in connected mode.
Furthermore, to ensure that the eNB knows whether the UE is eligible to send the new RRC message or not, it might be useful to introduce a generic positioning capability (e.g. connectedModeMeasuremementsSupport) in RRC that is carried either in the RRC connection request, RRC connection setup complete or UE capability information message.

Proposal 4: To introduce a generic positioning capability in RRC to ensure that the eNB knows whether the UE is eligible to send the new RRC message or not.
In the email discussion [2] the RRC broadcast of OTDOA assistance data was discussed and there was support from some companies for it. In general, broadcast of assistance data makes sense if they are common information. This applies for the broadcast mechanisms as specified in UMTS and GERAN:

· In UMTS, broadcast of assistance data is supported for A-GNSS only, i.e. information that are common to all UEs which support A-GNSS. 

· In GERAN, broadcast of assistance data is supported for E-OTD and GPS. For both methods the broadcast information are common to all UEs, e.g. in case of E-OTD the broadcast assistance data contain RTD (Real Time Difference) values and BTS coordinates.

However, referring to the new OTDOA parameters as specified by RAN1, they have been all specified as UE-specific, see RAN1 LS [6]. To us, broadcast of UE-specific parameters makes no sense. But we see the point that it is more resource-efficient if they are sent per RRC broadcast signalling considering the fact that OTDOA assistance data may take several kBytes if they contain many neighbor cells (in legacy LTE this can be done for up to 72 neighbor cells) and if they need to be sent to many NB-IoT UEs. Therefore, to address this point further discussion is needed. In this context it could be discussed whether it is possible to separate OTDOA assistance data into a UE-specific and a common part. The UE-specific part is sent to each NB-IoT UE per LPP dedicated signaling, and the common part is sent to all NB-IoT UEs in a cell per RRC broadcast signaling.

Proposal 5: To further discuss whether broadcast of OTDOA assistance data is possible.
2.2 E-CID
In LTE, RSRP, RSRQ and UE RX-TX time difference measurements can be configured for E-CID. The UE may report E-CID measurements for up to 32 cells (intra-/interfrequency), but this apply only for RSRP and RSRQ. And 

UE Rx–Tx time difference measurement is provided only for UE’s primary cell.
Following the agreements from RAN2#96 meeting, E-CID measurements in connected mode are supported in NB-IoT as baseline. And similar to the discussion to OTDOA in section 2.1, we think that E-CID can be supported in both connected and idle mode:
· In connected and idle mode: RSRP and RSRQ measurements.

· In connected mode only: UE Rx-Tx time difference measurements.

Proposal 6: E-CID is supported in both connected (RSRP, RSRQ and UE RX-TX time difference measurements) and idle mode (RSRP, RSRQ measurements).
On the question how the E-CID measurements are triggered in either mode, the options as discussed in the context of RSTD apply as well.

Proposal 7: To discuss the options (Network-based, UE-based) for triggering the E-CID measurements in either connected or idle mode. 
In connected mode there is the issue that RSRP/RSRP measurements may need to be performed for interfrequency neighbour cells. Due to the fact that the NB-IoT UE is equipped with a single RF transceiver chain, the normal data transmission in UL or DL will be affected by these measurements. RAN1 did not make any agreement on this aspect as E-CID was not discussed at all in RAN1 so far. To solve this issue there are two basic options:
· UE is not required to receive NPSS/NSSS, NPBCH, NPDCCH, NPDSCH, nor transmit, during E-CID RSRP/RSRQ measurements (i.e. using autonomous gaps by the UE).
· Measurement gaps are introduced to allow the UE to perform E-CID RSRP/RSRQ measurements.
Proposal 8: To discuss the options (autonomous gaps, measurement gaps) to perform E-CID RSRP/RSRQ measurements in connected mode.

2.3 NB-IoT category indication
In Rel-13 the category NB1 was introduced corresponding to a maximum TBS of 680 bits in DL and 1000 bits in UL per TTI. In Rel-14 the category NB2 will be introduced corresponding to a maximum TBS of up to 2536 bits in DL/UL per TTI. We understand that a Rel-13 NB-IoT UE of category NB1 may support OTDOA and E-CID. In this case, we think it might be useful when the E-SMLC is aware of the NB-IoT category and the resulting resource constraints of the UE so that it can take the category information into account for adapting e.g. the LPP message sizes, values for transmission/retransmission and response timers. The indication of the NB-IoT category can be done by the NB-IoT UE via LPP either as part of the common information (i.e. IE CommonIEsProvideCapabilities within the ProvideCapabilities message), or alternatively as part of the positioning method specific information (i.e. IE OTDOA-ProvideCapabilities in case of OTDOA, and IE ECID-ProvideCapabilities in case of E-CID).
Proposal 9: To introduce NB-IoT category indication in LPP.
3 Conclusion

In this contribution we discussed the open issues on support of positioning in NB-IoT and made the following proposals:
Proposal 1: OTDOA is supported in both connected and idle mode.

Proposal 2: To discuss the options (Network-based, UE-based) for triggering the RSTD measurements in either connected or idle mode. 
Proposal 3: To introduce a new RRC message to indicate to the eNB that the UE requires to perform RSTD measurements in connected mode.
Proposal 4: To introduce a generic positioning capability in RRC to ensure that the eNB knows whether the UE is eligible to send the new RRC message or not.
Proposal 5: To further discuss whether broadcast of OTDOA assistance data is possible.

Proposal 6: E-CID is supported in both connected (RSRP, RSRQ and UE RX-TX time difference measurements) and idle mode (RSRP, RSRQ measurements).

Proposal 7: To discuss the options (Network-based, UE-based) for triggering the E-CID measurements in either connected or idle mode. 
Proposal 8: To discuss the options (autonomous gaps, measurement gaps) to perform E-CID RSRP/RSRQ measurements in connected mode.
Proposal 9: To introduce NB-IoT category indication in LPP.
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5.
Annex
Table 1: List of new parameters for NPRS configuration acc. to RAN1 LS [6]
	Parameter 
	ASN.1 name 
	Description
	Value range
	Comment

	NPRS subframes bitmap for Part A
	nprsBitmap
	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’
	10 bits or 40 bits
	Referred to as 'Part A'

	T_NPRS
	nprs-Period
	NPRS periodicity in subframes
	160ms, 320ms, 640ms, 1280ms
	Referred to jointly as 'Part B'. Valid configurations are those satisfying N_NPRS <= T_NPRS.

	Delta_NPRS
	nprs-startSF
	NPRS first subframe offset from the start of the period, expressed as a fraction of T_NPRS
	0, 1/8, 2/8, 3/8, 4/8, 5/8, 6/8, 7/8
	Referred to jointly as 'Part B'.

	N_NPRS
	nprs-NumSF
	Number of consecutive subframes containing NPRS
	10, 20, 40, 80, 160, 320, 640, 1280
	Referred to jointly as 'Part B'. Valid configurations are those satisfying N_NPRS <= T_NPRS.

	-
	nprs-MutingInfo
	Each bit in a muting pattern corresponds to:
• For Part A, consecutive 10 subframes
• For Part B, one NPRS occasion

If a bit in the NPRS muting sequence is set to "0", then the NPRS is muted in the corresponding subframes

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).
	2, 4, 8, or 16 bits
	Assumed to be captured in the ASN.1 field description as with LTE PRS muting pattern.

	N^NPRS_ID
	nprsID
	The NPRS identity, if configured
	0 … 4095
	Default value: not present; For calculating v_shift of NPRS, v_shift = N^NPRS_ID modulo 6, where N^NPRS_ID = N^NcellID unless a value for nprsID is signalled.

	Number of PBCH antenna ports
	eutra-NumCRS-ports
	The number of LTE PBCH antenna ports the UE shall assume for the NPRS pattern on an in-band carrier
	1,2,4
	Only present for an in-band NB-IoT carrier

	Operation mode
	operationMode
Info
	The operation mode of a NPRS carrier
	inband, standalone
	Value "standalone" indicates standalone or guard-band operation mode


