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1 Introduction

RAN4 received a RAN2 LS [1] with the following contents:
RAN2 has discussed Rel-15 NR positioning support based on E-UTRA reference signals and agreed the following:

	· NR device should have the capability to request the NR cell to assign measurement gaps for the time when it wants to do E-UTRA positioning measurements. (i.e. following the procedure defined for LTE)

· FFS Whether the UE needs to acquire MIB/SIB1 which would require longer idle periods.

· RAN2 confirms that there is a need to define measurement gaps for inter-RAT E-UTRA RSTD and ECID measurements and requires RAN4 input for continuation of the work. 


In the LS, RAN4 is asked to determine the feasibility of defining measurement gaps for inter-RAT E-UTRA RSTD measurements and any inter-RAT E-UTRA measurements for E-CID positioning for measurement by devices served by an NR cell.
2 Discussion

In LTE, the following UE measurements are defined for positioning purpose: OTDOA measurements (RSTD) and E-CID measurements (UE Rx-Tx time difference, RSRP, and RSRQ), where UE Rx-Tx time difference are only defined for PCell. The OTDOA measurements are requested by E-SMLC via LPP, while E-CID measurements are requested via LPP or LPPa.
For NR, the UE positioning architecture is illustrated in Figure 1 below, where:
Note 1: The gNB and ng-eNB may not always both be present.

Note 2: When both the gNB and ng-eNB are present, the NG-C interface is only present for one of them (FFS).
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Figure 1: UE Positioning Architecture applicable to NG-RAN.

In Rel-15 NR, only OTDOA and E-CID based on LTE signals are supported according to TS 38.305, with the following protocols:
· LPP between LMF and UE via its PCell for both OTDOA and E-CID, which is associated with ng-eNB (in NSA NR) or gNB (in SA NR), and
· NRPPa between LMF and ng-eNB for OTDOA (for ng-eNB configuration information) and between LMF and NG-RAN node (gNB or ng-eNB) for E-CID.
2.1 OTDOA

When RSTD measurements are requested via ng-eNB (in NSA NR), the measurements may be intra-frequency or inter-frequency measurements with respect to the serving LTE PCell, while when the measurements are requested via gNB (in SA NR), the measurements are inter-RAT E-UTRA measurements with respect to the NR PCell.
· Observation 1: When the UE is served by LTE PCell in NSA NR, the RSTD measurements requested via LPP can be either intra-frequency RSTD (no measurement gaps are needed) or inter-frequency RSTD (measurement gaps may be needed, similar to LTE, and can be requested by UE from the LTE PCell). 
· Observation 2: When the UE is served by NR PCell in SA NR, the RSTD measurements requested via LPP are inter-RAT measurements (measurement gaps if needed, should be requested by UE from NR PCell).
· Observation 3: For SA NR and inter-RAT RSTD, if the NR UE does not support per-FR gaps then it needs per-UE gaps for the inter-RAT E-UTRA positioning measurements. If the UE supports per-FR gaps, then it would need FR1 gaps or per-UE gaps (up to the network) to measure LTE as inter-RAT, but no FR2 gaps.
According to TS 38.133, only LTE measurement gap patterns can be configured for inter-RAT E-UTRA measurements for NR UE. Furthermore, for RSTD measurements currently only the measurement gap patterns with 6 ms gaps are applicable, with 40 ms or 80 ms periodicity (corresponding to measurement gap pattern #0 and #1, respectively). During these gaps, the UE receives LTE PRS signals and performs RSTD measurements for the neighbor cells with respect to the reference cell received in the OTDOA assistance data. To know the PRS sequences of the cells to measure the UE needs to know SFN of at least one of the cells. Furthermore, the UE needs to know the timing relation between the LTE and NR even before it sends the RSTD measurement indication to gNB to request measurement gaps; this is because the UE needs to include also the gap offset in the gap request.
· Observation 4: The knowledge of the timing relation between NR and LTE is needed in the UE before sending a measurement gap request to gNB, which implies that the UE would already know SFN of at least one LTE cell even before the gaps are requested.
· Observation 5: The existing LTE measurement gaps (measurement gap pattern #0 and #1) are sufficient for inter-RAT E-UTRA RSTD measurements, like for all other inter-RAT E-UTRA measurements. In addition, also measurement gap pattern #5 could also be used for the inter-RAT RSTD, since PRS occasion periodicity Tprs can be even longer than 160 ms
· Proposal 1: In SA NR, the UE may use autonomous gaps to acquire SFN of the LTE reference cell prior to requesting measurement gaps from gNB, provided RAN4 defines requirements to limit the impact of such gaps on NR.
2.2 E-CID
When UE E-CID measurements are requested in LPP or NRPPa via ng-eNB (in NSA NR), the UE measurements can be intra-frequency or inter-frequency measurements with respect to the serving LTE PCell, and the UE E-CID measurements that can be requested are: UE Rx-Tx time difference on PCell, intra-frequency or inter-frequency RSRP, and intra- or inter-frequency RSRQ. RAN4 has defined though requirements only for intra-frequency E-CID measurements in TS 36.133.
· Observation 6: In NSA NR with LTE PCell, the following UE E-CID measurements can be requested in LPP or NRPPa: intra-frequency UE Rx-Tx time difference on PCell, intra-frequency or inter-frequency RSRP, and intra- or inter-frequency RSRQ. RAN4 requirements are defined only for intra-frequency E-CID measurements for which no gaps are needed.
When UE E-CID measurements are requested in LPP or NRPPa via gNB (in SA NR), the UE measurements are inter-RAT E-UTRA measurements with respect to the NR PCell, and the UE E-CID measurements that can be requested are: inter-RAT E-UTRA RSRP and inter-RAT E-UTRA RSRQ.
· Observation 7: In SA NR, the following UE E-CID measurements can be requested in LPP or NRPPa: inter-RAT E-UTRA RSRP and inter-RAT E-UTRA RSRQ. 
· Observation 8 (similar to Observation 3): For SA NR and inter-RAT E-CID, if the NR UE does not support per-FR gaps then it needs per-UE gaps for the inter-RAT E-UTRA positioning measurements. If the UE supports per-FR gaps, then it would need FR1 gaps or per-UE gaps (up to the network) to measure LTE as inter-RAT, but no FR2 gaps 
· Observation 9: The existing LTE measurement gaps are sufficient for inter-RAT E-UTRA E-CID measurements, like for all other inter-RAT E-UTRA measurements: Measurement gap patterns #0, #1, #2, and #3. No need to define new gaps for inter-RAT positioning measurements in Rel-15.
3 Summary
The following have been observed and proposed in the contribution.

For OTDOA:

· Observation 1: When the UE is served by LTE PCell in NSA NR, the RSTD measurements requested via LPP can be either intra-frequency RSTD (no measurement gaps are needed) or inter-frequency RSTD (measurement gaps may be needed, similar to LTE, and can be requested by UE from the LTE PCell). 

· Observation 2: When the UE is served by NR PCell in SA NR, the RSTD measurements requested via LPP are inter-RAT measurements (measurement gaps if needed, should be requested by UE from NR PCell).
· Observation 3: For SA NR and inter-RAT RSTD, if the NR UE does not support per-FR gaps then it needs per-UE gaps for the inter-RAT E-UTRA positioning measurements. If the UE supports per-FR gaps, then it would need FR1 gaps or per-UE gaps (up to the network) to measure LTE as inter-RAT, but no FR2 gaps.
· Observation 4: The knowledge of the timing relation between NR and LTE is needed in the UE before sending a measurement gap request to gNB, which implies that the UE would already know SFN of at least one LTE cell even before the gaps are requested.
· Observation 5: The existing LTE measurement gaps (measurement gap pattern #0 and #1) are sufficient for inter-RAT E-UTRA RSTD measurements, like for all other inter-RAT E-UTRA measurements. In addition, also measurement gap pattern #5 could also be used for the inter-RAT RSTD, since PRS occasion periodicity Tprs can be even longer than 160 ms

· Proposal 1: In SA NR, the UE may use autonomous gaps to acquire SFN of the LTE reference cell prior to requesting measurement gaps from gNB, provided RAN4 defines requirements to limit the impact of such gaps on NR.

For E-CID:

· Observation 6: In NSA NR with LTE PCell, the following UE E-CID measurements can be requested in LPP or NRPPa: intra-frequency UE Rx-Tx time difference on PCell, intra-frequency or inter-frequency RSRP, and intra- or inter-frequency RSRQ. RAN4 requirements are defined only for intra-frequency E-CID measurements for which no gaps are needed.

· Observation 7: In SA NR, the following UE E-CID measurements can be requested in LPP or NRPPa: inter-RAT E-UTRA RSRP and inter-RAT E-UTRA RSRQ. 

· Observation 8 (similar to Observation 3): For SA NR and inter-RAT E-CID, if the NR UE does not support per-FR gaps then it needs per-UE gaps for the inter-RAT E-UTRA positioning measurements. If the UE supports per-FR gaps, then it would need FR1 gaps or per-UE gaps (up to the network) to measure LTE as inter-RAT, but no FR2 gaps 

· Observation 9: The existing LTE measurement gaps are sufficient for inter-RAT E-UTRA E-CID measurements, like for all other inter-RAT E-UTRA measurements: Measurement gap patterns #0, #1, #2, and #3. No need to define new gaps for inter-RAT positioning measurements in Rel-15.

A draft LS response is provided in [2].
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