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Introduction
At RAN2#99, which was the first meeting on the topic of positioning for NR Rel.15, many agreements were settled for transport of LPP messages for RAT independent and E-UTRA RAT dependent positioning schemes, NR CID and cell portion. Among all the items indicated in the objectives of the positioning agenda item [1] stated below, the support for measurement gaps has not been discussed.
[bookmark: _Ref178064866]Support of positioning to comply with regulatory requirements: 
-	via RAT independent and E-UTRA RAT dependent positioning schemes, including:
-	Transport of LPP messages between 5G-CN and UE through gNB [RAN2];
-	Transport of LPPa type messages between 5G-CN and NG-RAN hosting E-UTRA (eNB) [RAN2, RAN3];
         NOTE:	This objective is intended for the architecture options 4 and 7, and can be reused for option 5.
-	Support of measurement gaps and idle periods for location related inter-RAT measurements [RAN4, RAN2].
NOTE: This objective strives for common design of NR parts of inter-RAT measurement between NR and E-UTRA 
-	via network based NR CID and cell portion positioning, including:
-	Definition of messages and transport between 5G-CN and NG-RAN hosting NR (gNB) [RAN3, RAN2].


The following has been already agreed for NR:
Agreement 1: The full scope of LPP shall be supported by NR System Architecture and NR devices
Agreement 2: LPP messages are transported in NAS message within in NR RRC (similar to LTE RRC)
Agreement 3: Support of UTDOA method in NR may be revisited in further releases after further progress in SA2 work.
Agreement 4: Positioning network elements (UE, NG-RAN, AMF, LMF) in the positioning related architecture in TS 23.501 [3] should be used as the basis for positioning support for NG-RAN in Release 15.
Agreement 5: TS 38.305 will define stage 2 positioning for NG-RAN for both NR and E-UTRA access.
  
There are certain details remaining to be clarified in terms of how the measurements are handled in dual connectivity RAT networks, and how the information would be communicated between protocols and positioning units. We try to discuss some of these aspects in this paper.  
Discussion
The reference signal time difference (RSTD) measurements required for OTDOA positioning method, requires positioning reference signals (PRS) from a reference cell and a list of neighbor cells. It is obvious that NR cells are not specified with any PRS, and hence they can not contribute the OTDOA positioning method for NR devices. The NR device is only capable of receiving OTDOA assistance information for the E-UTRA cells and measure the PRS from these set of cells. Therefore, any NR device with LTE-OTDOA capability is able to receive assistance information via LPP and send its RSTD measurements via the same protocol. This is our understanding of Agreement 1 stated earlier. Of course, there may be NR-OTDOA capability available in further releases when a proper downlink signal was selected for NR cells. 

Any NR device with LTE-OTDOA capability shall be able to receive assistance information via LPP and send its RSTD measurements via the same protocol.

As the full scope of LPP is supported by NR System Architecture and NR devices we assume it would be good to keep the current Stage 3 positioning specification TS 36.355 for any required addition. However, there should be an effort on making additions quite general and not specific to NR devices.  We can postpone the creation of a new Stage 3 spec to the time when NR specific positioning features and methods were being defined.  

Stage 3 positioning specification (LPP) 36.355 shall be used to cover NR devices with LTE-OTDOA capabilities.
Any enhancement required for NR-devices shall be applied in LPP such that they will be considered general and not specific to NR-devices.
The creation of a new Stage 3 specification shall be postponed to the time when NR-specific positioning features and methods were being defined. 

One item which needs to be discussed in RAN2, is in respect of the System Frame Number (SFN) of the NR devices which would be in respect to its NR cell (gNB). The OTDOA assistance information of reference and neighbor cell are all given with respect to SFN of the serving cell. Now with the NR device connected to an NR network, this information should have a hand-shake with the LMF, so that a proper assistance information would be provided to the device. One solution would be that the device would do an LTE E-CID measurement first and hence find a serving cell in LTE network, so that then it would be understandable for both the LMF and the device that based on what cell SFN the assistance data is being provided. We suggest that this should be added to the Stage 2 specification in which the NR device procedures are explicitly discussed, 

RAN2 shall add the procedure of E-CID measurement prior to OTDOA measurement in Stage 2 specification for NR devices so that the SFN of the serving cell would be known to both the device and the LMF.  

As the positioning of NR devices would be handled in the Location Management Function (LMF), there may be concerns on how the PRS configuration of the E-UTRA cells will be available at LMF. There can be some alternatives of considering LPPa or NRPPa to handle this information sharing between the E-UTRA cells and LMF. However, our view is that perhaps in a dual-connective network LMF and E-SMLC are perhaps one unit, meaning that an LMF is an enhanced E-SMLC also covering the NR functionalities. Hence it would be best to keep this information sharing at the location server level and not have it as separate signalling defined between E-UTRA cells and LMF.

It would be up to LMF and E-SMLC implementation to handle the information sharing between E-UTRA cells and LMF.
 
Measurement gaps are periods that the UE may use to perform measurements, which means that no uplink or downlink transmissions are scheduled during this period. For positioning, measurement gaps could be used, when inter-frequency and inter-RAT measurements needs to be made, and the transceiver is needed for scanning for and retrieving positioning information. For an NR device connected to an NR cell (gNB), while a location information is requested, there is a need for the UE to inform the NR cell that the UE plans to do RSTD measurement on E-UTRA cells and hence the NR cell assigns the UE with proper measurement gaps. Similar procedure is required when the NR device needs to do E-CID measurement on an E-UTRA cell. This seems to be needed to fix the problem with not having the SFN of the serving cell mentioned earlier.
[bookmark: _Hlk506454502]
[bookmark: _Hlk490211528]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 measurements.
NR cells should be configured such that they can provide NR devices with inter-RAT measurement gaps. 

There are already some agreements related to measurement gaps in NR in other topics such as mobility. Moreover, measurement gaps are being revisited for dense PRS configurations in LTE. As it is basically a RAN4 topic, RAN2 assumes that the work should be initiated and agreed in the RAN4 WG first until RAN2 can apply the potential changes in RRC. One proposal can be that RAN2 should indicate to RAN4, that it requires its input prior to any RAN2 agreement on this topic.  

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

Idle is a UE state with RRC connection release and then RRC connection reestablishment. For NB-IoT, the UE goes to idle state to perform positioning measurements. In such cases, together with other UE capabilities, the UE should provide the network with the need to make the measurements in the idle state. However, NB-IoT is not considered in the scope of NR Rel.15.
For non-standalone (NSA) NR with LTE PCell, idle periods are not applicable as the UE cannot be sent to idle by the NR cell which is not PCell. For standalone (SA) NR (NR PCell), the UE may be sent to the idle mode however when measurement gaps are possible to be configured, we see no reason for having idle periods.   

Observation 1	 NB-IoT is not considered in the scope of NR Rel.15.

Supporting measurement gaps are sufficient for inter-RAT measurements and there is no need for configuring idle periods.
Conclusion
In the previous section, we have proposed the following:

Observation 1	 NB-IoT is not considered in the scope of NR Rel.15.

1. Any NR device with LTE-OTDOA capability shall be able to receive assistance information via LPP and send its RSTD measurements via the same protocol.
1. Stage 3 positioning specification (LPP) 36.355 shall be used to cover NR devices with LTE-OTDOA capabilities.
1. Any enhancement required for NR-devices shall be applied in LPP such that they will be considered general and not specific to NR-devices.
1. The creation of a new Stage 3 specification shall be postponed to the time when NR-specific positioning features and methods were being defined. 
1. RAN2 shall add the procedure of E-CID measurement prior to OTDOA measurement in Stage 2 specification for NR devices so that the SFN of the serving cell would be known to both the device and the LMF.  
1. It would be up to LMF and E-SMLC implementation to handle the information sharing between E-UTRA cells and LMF.
1. 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 measurements.
1. NR cells should be configured such that they can provide NR devices with inter-RAT measurement gaps. 
1. RAN2 confirms that there is a need to define measurement gaps for inter-RAT E-UTRA RSTD and E-CID measurements and requires RAN4 input for continuation of the work. 
1. Supporting measurement gaps are sufficient for inter-RAT measurements and there is no need for configuring idle periods.
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