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1 Introduction

At RAN3 #103bis, an initial discussion on the transmission measurement function in NG-RAN took place [1]. The following agreements were made:

· In case of split gNB, the gNB-CU terminates NRPPa;

· 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 separate measurement node is not precluded. 
At RAN3 #104, the role of the gNB-CU and the gNB-DU in the NR positioning architecture was further discussed, and it was agreed that a gNB-DU with only positioning functionality is not precluded [5]. A baseline Stage 2 CR was endorsed [2]. Current endorsed Stage 2 text says that “A positioning-only gNB-DU with TRP does not need to offer cell services to the gNB CU.” [11]
At RAN3 #105, different proposals were presented: either to introduce dedicated sets of F1AP procedures for each set of positioning methods [8], or to introduce a single set of F1AP procedures to accommodate all positioning methods. It was also proposed to structure IEs to allow separation of CU-related and TRP-related information so that the latter should be easy to move between NRPPa and F1AP [9]. It was recommended to resolve these proposals to progress on F1AP signaling design; in any case, it was also recommended that the target is to group TRP-related information in an extensible sequence. [6]

 REF _Ref20750807 \r \h 
[7]
From the agreements and notes above, we will try to further explore message framework for positioning support in F1. 
2 Discussion
2.1 Different Types of Positioning Measurements

Unlike E-UTRAN positioning, where positioning measurements were considered within well-categorized positioning methods, the discussion for NR positioning seems to be less method-centric and more measurement-centric. RAN3 should try to accommodate this when supporting positioning over F1AP.

Looking at the current status of discussions in RAN1 and RAN2, we could categorize positioning measurements as follows:

1. Measurements performed by the UE, which do not require (re)configuration of gNB radio resources;

2. Measurements performed by the UE, which require (re)configuration of gNB radio resources and/or specific actions from gNB (e.g. DL TDOA);

3. Measurements performed by the gNB; these typically require (re)configuration of gNB radio resources and/or specific actions from gNB (e.g. UL TDOA etc.).

Taking into consideration current RAN3 agreements on the role of CU and DU, in principle anything that requires (re)configuration of gNB radio resources and/or gNB measurements will have to involve the gNB-DU, and it will have an F1AP impact. In addition, F1AP will have to support transferring to the gNB-CU any information which resides in the gNB-DU and which is needed to support Rel-15 NR positioning (i.e. Cell ID and cell portions for NR E-CID).
Observation 1: Positioning measurements performed by the gNB, and other measurements which involve (re)configuration of gNB radio resources or information contained in the gNB-DU, will have an F1AP impact.
It was observed [8] that various positioning methods can be grouped in DL-only (e.g. DL-TDOA, DL-AOD), UL-only (e.g. UL-TDOA, UL-AOA), UL+DL (e.g. E-CID, multi-RTT), and for this reason “the message procedures can be defined for multiple positioning techniques.” [8] It was then proposed to define separate sets of procedures for DL and UL positioning methods. We note, however, that due to our agreements it is always the gNB-DU which performs measurements, regardless of the positioning method, e.g.:

· For UL positioning methods, UL Measurements will be performed by the gNB-DU(through its TRPs); the UE configuration will be concurrently done through RRC by the gNB-CU following the information exchange with the LMF via NRPPa;

· For DL positioning methods, DL information will be transmitted by the gNB-DU from its TRPs.

So, regardless of the specific positioning method, it seems feasible to design a set of general-purpose F1AP “Positioning Information Exchange” procedures, that can accommodate all of the above observations. Through good protocol design it can be made future-proof and it can accommodate all the necessary extensible information.

Furthermore, it is safe to assume that any new positioning measurements/methods to be added to NR (e.g. DL-AOD, UL positioning, multi-RTT) will be supported in NRPPa with the LMF initiating a procedure toward the NG-RAN node and the NG-RAN node replying. Hence, it makes sense to assume that it will always be the gNB-CU that initiates the necessary information exchange toward the gNB-DU once triggered by the LMF via NRPPa.

Observation 2: It seems feasible to design a set of general-purpose F1AP procedures that can accommodate the information exchange for all positioning measurements/methods, regardless if DL and/or UL.
One additional advantage of a single set of general-purpose F1AP procedures is that multiple measurements can be configured and reported in the same procedure instance, if needed. While this is not the case in today’s NRPPa (which has different procedures for different methods), the requirements for F1 may be much more stringent than those for NG (used to transport NRPPa). Therefore, there seems to be considerable benefit in allowing to signal multiple types of measurements in the same message.

Observation 3: It seems beneficial to allow signaling different types of measurements over a single F1AP message.
2.2 Positioning Information Exchange

Both on-demand and periodic measurements need to be supported, so both Class-1 and Class-2 procedures will be needed in F1AP, 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).

[image: image1.wmf]g

N

B

-

D

U

g

N

B

-

C

U

P

O

S

I

T

I

O

N

I

N

G

 

I

N

F

O

R

M

A

T

I

O

N

 

R

E

Q

U

E

S

T

P

O

S

I

T

I

O

N

I

N

G

 

I

N

F

O

R

M

A

T

I

O

N

 

R

E

S

P

O

N

S

E

P

O

S

I

T

I

O

N

I

N

G

 

I

N

F

O

R

M

A

T

I

O

N

 

F

A

I

L

U

R

E

P

O

S

I

T

I

O

N

I

N

G

 

M

E

A

S

U

R

E

M

E

N

T

 

R

E

P

O

R

T

P

O

S

I

T

I

O

N

I

N

G

 

M

E

A

S

U

R

E

M

E

N

T

 

R

E

P

O

R

T

P

O

S

I

T

I

O

N

I

N

G

 

M

E

A

S

U

R

E

M

E

N

T

 

F

A

I

L

U

R

E

 

I

N

D

I

C

A

T

I

O

N

P

O

S

I

T

I

O

N

I

N

G

 

M

E

A

S

U

R

E

M

E

N

T

 

T

E

R

M

I

N

A

T

I

O

N

 

C

O

M

M

A

N

D


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

Proposal 2: The POSITIONING INFORMATION REQUEST/RESPONSE/FAILURE messages are UE-associated when used for UE-associated information exchange, e.g. for E-CID or UL-TDOA, and non-UE-associated when used for e.g. DL-TDOA information exchange.
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 appropriate information item to be requested, when used for e.g. DL-TDOA information exchange;

· The SRS configuration expected to be received for the UE, when used for e.g. UL-TDOA;

· The implicit indication, through an optional extensible IE sequence, of the positioning method.
At least the following information needs to be included in the response and/or report messages:

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

· The appropriate DL-TDOA information configuration to be reported, when used for e.g. DL-TDOA information exchange;
· Separate, optional, extensible IE sequences for each set of measurements (one set per positioning method) being reported.

All other message contents are FFS pending RAN1 and RAN2 progress.

Proposal 3: At least the UE F1AP ID(s) and Measurement ID, the report characteristics (on-demand/periodic) and the periodicity should be included in the appropriate messages; the appropriate DL-TDOA information configuration to be reported should be included when used for e.g. DL-TDOA information exchange; all other message contents are FFS pending RAN1 and RAN2 progress.
In the Appendix we present possible signaling flows involving NRPPa and F1AP for various currently known positioning methods. Notice that other hybrid positioning methods can also be supported in this way.
Proposal 4: Endorse as baseline the Stage 2 and Stage 3 CRs[3]
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[4] for F1.
3 Conclusions and Proposals

Starting from the initial discussion at the previous RAN3 meetings and keeping in mind that further progress in RAN1 and RAN2 is needed before full signaling design can take place, we have further discussed how to design a signaling framework for F1AP support of positioning measurements. Our proposals are listed below for convenience.
Proposal 1: Introduce 4 UE-associated F1AP procedures with the following messages: POSITIONING INFORMATION REQUEST/RESPONSE/FAILURE (Class 1), POSITIONING MEASUREMENT REPORT (Class 2), POSITIONING MEASUREMENT TERMINATION COMMAND (Class 2) and POSITIONING MEASUREMENT FAILURE INDICATION (Class 2).

Proposal 2: The POSITIONING INFORMATION REQUEST/RESPONSE/FAILURE messages are UE-associated when used for UE-associated information exchange, e.g. for E-CID or UL-TDOA, and non-UE-associated when used for e.g. DL-TDOA information exchange.

Proposal 3: At least the UE F1AP ID(s) and Measurement ID, the report characteristics (on-demand/periodic) and the periodicity should be included in the appropriate messages; the appropriate DL-TDOA information configuration to be reported should be included when used for e.g. DL-TDOA information exchange; all other message contents are FFS pending RAN1 and RAN2 progress.

Proposal 4: Endorse as baseline the Stage 2 and Stage 3 CRs[3]

 REF _Ref15920091 \r \h 
[4] for F1.
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Appendix – Possible Signaling Flows

Some possible signaling flows for E-CID, OTDOA and (a potential future) UTDOA are shown in the figures below. The hypothetical signaling flow for UTDOA has been designed assuming SRS receiver functionality in the gNB-DU. Notice that by assuming the SRS receiver functionality in the gNB-DU, the signaling flow for UL positioning becomes much simpler than in e.g. E-UTRAN. We believe this to be an added benefit.

Other hybrid positioning methods can be supported in this way.
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Figure 2 Possible signaling flow for E-CID.
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Figure 3 Possible signaling flow for OTDOA.
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Figure 4 Assumed signaling flow for UTDOA (not supported by NRPPa in Rel-15).
� Up to 15 measurements per UE context are supported by NRPPa; it seems logical to support the same in F1AP.
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