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1 Introduction

Positioning functionality is part of NG-RAN since Rel-15 (the appropriate signaling is in place in NRPPa and NGAP). However, positioning support is currently lacking in F1AP, so it is currently not specified how to support positioning measurements in case of split gNB. Even though not explicitly included among the objectives of the Rel-16 Positioning WID [5], we believe F1 support for positioning needs to be specified. We propose to introduce the appropriate procedures and signaling to make this possible.
2 Discussion
2.1 Support for NRPPa Positioning – Alt. 1
Positioning architecture, function split, and procedures are described in [1]. In case of split gNB, the gNB-CU terminates the NG interface, hence it also terminates the NRPPa protocol toward the LMF.
Proposal 1: In case of split gNB, the gNB-CU terminates the NRPPa protocol.

According to the current architecture for split gNB [3], the gNB-DU hosts RLC, MAC and PHY, and it supports the cells; the gNB-CU terminates RRC. It descends that the gNB-CU should request positioning measurements (e.g. E-CID) to the gNB-DU, and that the gNB-DU should report those measurements back to the gNB-CU.
Proposal 2: The gNB-CU requests positioning measurements (e.g. E-CID) to the gNB-DU, and the gNB-DU reports the measurements back to the gNB-CU.

A similar logic should be followed for OTDOA information exchange. Cell-related information is owned by the gNB-DU, so it should be the gNB-DU that reports OTDOA information to the gNB-CU following a request from the gNB-CU.
Proposal 3: The gNB-CU requests OTDOA information to the gNB-DU, and the gNB-DU reports back to the gNB-CU.

E-CID information exchange is UE-associated and OTDOA information exchange is non-UE-associated, so separate sets of F1AP procedures will be needed.

Proposal 4: Separate sets of F1AP procedures will be needed for E-CID and OTDOA information exchange (UE-associated and non-UE-associated, respectively.

2.1.1 Measurement Information Exchange

Both on-demand and periodic measurements need to be supported, so both Class-1 and Class-2 procedures will be needed, according to the signaling flow in Figure 1 below. It seems sensible to keep the procedure name generic to allow reusing the same procedures for all positioning methods (including future ones).
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Figure 1 F1AP procedures for UE-associated positioning information exchange.
Proposal 5: Introduce 4 UE-associated F1AP procedures with the following messages: POSITIONING MEASUREMENT REQUEST/RESPONSE/FAILURE (Class 1), POSITIONING MEASUREMENT REPORT (Class 2), POSITIONING MEASUREMENT TERMINATION COMMAND (Class 2) and POSITIONING MEASUREMENT FAILURE INDICATION (Class 2).

At least the following information needs to be included in the request message:

· The gNB-CU UE F1AP and Measurement IDs (for correlation of measurement(s)
 and UE context at the gNB-DU);

· Report characteristics (on-demand/periodic) and periodicity;

· The parameters to be measured (for E-CID: Cell ID, Angle of Arrival, Timing Advance Type 1/Type 2, RSRP, RSRQ)
.

Proposal 6: At least the gNB-CU UE Measurement ID, the report characteristics (on-demand/periodic) and periodicity, and the parameters to be measured (for E-CID: Cell ID, Angle of Arrival, Timing Advance Type 1/Type 2, RSRP, RSRQ) should be included in the request message.

At least the following information needs to be included in the response and report messages:

· The gNB-CU/DU UE F1AP and Measurement IDs (for correlation of measurement(s) and UE context at the gNB-CU);

· The measurement results;
· For E-CID, optionally, the cell portion ID.

Proposal 7: At least the gNB-CU/DU UE F1AP and Measurement IDs, the measurement results, and (for E-CID, optionally) the cell portion ID should be included in the response and report messages.
There is no need to support GERAN, UTRAN, or WLAN measurements in signaling, since only the gNB-CU can configure the UE to perform inter-RAT measurements through RRC.

Proposal 8: Since only the gNB-CU can configure the UE to perform inter-RAT measurements through RRC, Inter-RAT and WLAN measurements for E-CID should not be supported in F1AP signaling.

2.1.2 DL-TDOA, UL-TDOA Information Exchange

DL-TDOA and UL-TDOA are not supported for NR in Rel-15 (only inter-RAT RSTD measurements for OTDOA are specified, but this has no F1AP impact).  Both these methods rely on the transmission of reference signals (by the gNB and by the UE, respectively) used by the receiver for positioning measurements. For this reason, how to support them depends on how the transmission measurement function is going to be specified. This is the subject of another contribution.
Proposal 9:  Whether to support DL/UL-TDOA information exchange over F1AP depends on how the transmission measurement function is going to be specified.
2.2 Support for NRPPa Positioning – Alt. 2

With this alternative, F1AP supports NRPPa information exchange through an encapsulation message. The gNB-CU still needs to decode the NRPPa message in order to select the appropriate gNB-DU, and then it re-encapsulates it into a dedicated NRPPa TRANSPORT message over F1AP. It then sends the F1AP message to the appropriate gNB-DU. The overall signaling flow for UE-associated messages is shown in Figure 3 below. The signaling flow for non-UE-associated messages is equivalent.
The receiving gNB-DU would extract the NRPPa message from the F1AP transport message and decode it. It would then encode the appropriate NRPPa message, encapsulate it into the appropriate F1AP transport message, and send it to the gNB-CU, which would then send the reply to the LMF via the AMF.
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Figure 3 Support for NRPPa positioning in F1AP, routing/encapsulation alternative (UE-associated case).

Observation 1: In the routing/encapsulation alternative, NRPPa is routed at the gNB-CU but terminated at the gNB-DU.
To support this option, DOWNLINK/UPLINK UE ASSOCIATED/NON UE ASSOCIATED NRPPA TRANSPORT messages would need to be introduced in F1AP (4 messages total). This would result a similar behavior for F1AP to what is today specified for NGAP.

Some more details on the UE-associated signaling flow:
1. The gNB-CU receives the NRPPa message from the 5GC;

2. The gNB-CU decodes it, identifies the appropriate UE context, then includes the NRPPa message and the gNB-CU UE F1 AP ID, in the appropriate F1AP NRPPa transport message, then sends it to the appropriate gNB-DU;
3. The gNB-DU decodes the received message, then responds with the appropriate NRPPa response message, including that message together with the gNB-CU/DU UE F1AP IDs into the appropriate F1AP NRPPa transport message, and sends it to the gNB-CU;

4. The gNB-CU decodes the F1AP message, identifies the appropriate LMF and encapsulates the NRPPa message into the appropriate NGAP NRPPa transport message.

With this alternative, the gNB-CU would host the following functions:

· Decoding the NRPPa message, then identifying the UE context and the appropriate gNB-DU;

· Encapsulating the received NRPPa message into the appropriate F1AP NRPPa transport message and including the appropriate F1AP ID(s) so that the gNB-DU can identify the appropriate UE.

The gNB-DU would “fully” terminate NRPPa.
Observation 2: In the routing/encapsulation alternative, the gNB-DU would “fully” terminate NRPPa, while the gNB-CU would only decode and route NRPPa messages toward the appropriate destination.

On one hand, terminating NRPPa in the gNB-DU might seem attractive since all cell- and physical layer-related functionality resides in this node. Furthermore, this alternative has a lower impact on F1AP than the other one. But on the other hand, it is the gNB-CU that “owns” the UE context and hosts RRC. Therefore, this alternative has the potential to cause severe mismatches between UE RRC configuration and positioning measurement configuration, and it seems very problematic. So, we strongly prefer Alt. 1.
Observation 3: Terminating NRPPa in the gNB-DU, which does not “own” the UE context nor hosts RRC, can potentially cause severe mismatches between RRC configuration and positioning measurements; Alt. 2 seems very problematic.

Proposal 10: RAN3 should select Alt. 1.
2.3 Support for LPP Positioning

LPP messages are transported over RRC/NAS, which in turn are transported via dedicated F1AP RRC transport messages. Nothing needs to be specified on top of current F1AP text, which fully supports LPP transport.
Proposal 11: F1AP fully supports the transport of LPP procedures.

2.4 Other Observations

The proposals and observations in this document (Alt. 1) are reflected in [4]. We welcome further discussion on this matter. 
Proposal 12: Discuss how to proceed with respect to specifying F1AP support for positioning in Rel-16.
3 Conclusions and Proposals

Proposal 1: In case of split gNB, the gNB-CU terminates the NRPPa protocol.

Proposal 2: The gNB-CU requests positioning measurements (e.g. E-CID) to the gNB-DU, and the gNB-DU reports the measurements back to the gNB-CU.

Proposal 3: The gNB-CU requests OTDOA information to the gNB-DU, and the gNB-DU reports back to the gNB-CU.

Proposal 4: Separate sets of F1AP procedures will be needed for E-CID and OTDOA information exchange (UE-associated and non-UE-associated, respectively).

Proposal 5: Introduce 4 UE-associated F1AP procedures with the following messages: POSITIONING MEASUREMENT REQUEST/RESPONSE/FAILURE (Class 1), POSITIONING MEASUREMENT REPORT (Class 2), POSITIONING MEASUREMENT TERMINATION COMMAND (Class 2) and POSITIONING MEASUREMENT FAILURE INDICATION (Class 2).

Proposal 6: At least the gNB-CU UE Measurement ID, the report characteristics (on-demand/periodic) and periodicity, and the parameters to be measured (for E-CID: Cell ID, Angle of Arrival, Timing Advance Type 1/Type 2, RSRP, RSRQ) should be included in the request message.

Proposal 7: At least the gNB-CU/DU UE F1AP and Measurement IDs, the measurement results, and (for E-CID, optionally) the cell portion ID should be included in the response and report messages.
Proposal 8: Since only the gNB-CU can configure the UE to perform inter-RAT measurements through RRC, Inter-RAT and WLAN measurements for E-CID should not be supported in F1AP signaling.

Proposal 9: Whether to support DL/UL-TDOA information exchange over F1AP depends on how the transmission measurement function is going to be specified.
Proposal 10: RAN3 should select Alt. 1.

Proposal 11: F1AP fully supports the transport of LPP procedures.

Proposal 12: Discuss how to proceed with respect to specifying F1AP support for positioning in Rel-16.
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� Up to 15 measurements per UE context are supported by NRPPa; it seems logical to support the same in F1AP.


� In Rel-15, only Cell ID with (optional) Cell Portion ID is supported for E-CID, so all other parameters are for Rel-16 onwards – to be checked pending RAN1 progress).
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