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Discussion and decision
1 Introduction

At RAN2#105bis, RAN2#106, based on [1] [2] RAN2 discussed whether RAN1 agreed NR positioning techniques are to be considered as a standalone technique or under common signaling framework, i.e. how to capture NR positioning techniques into stage 2 positioning methods. However companies would like to wait for more inputs from RAN1, and then RAN2 concluded that we wait for RAN1 and rely on the categorisation of techniques from the WID for now. 
In [3], RAN1 sent LS to RAN2 to indicate the mapping between reference signals and measurements. However the signaling design in high layer should be discussed in RAN2. 
In this contribution, we discuss how to support NR dependent positioning methods in high layer. 

2 Discussion
2.1 How to capture NR positioning techniques into stage 2?

In NR stage 2 [4], the RAT dependent positioning methods supported for NG-RAN access are captured as:

-
observed time difference of arrival (OTDOA) positioning;
-
enhanced cell ID methods (In rel-15, E-CID is supported for E-UTRA only);

Note: UTDOA is not supported in Rel-15 for NR; But in LTE [5], it is also one of standard positioning method as

-
uplink positioning;

Observation 1. In NR stage 2, positioning techniques are captured in stage 2 directly.

In LTE stage 2 [5], the RAT dependent positioning methods supported for E-UTRA are captured as:

· Downlink positioning (OTDOA);

· Enhanced Cell ID Methods
· Uplink positioning (UTDOA;)
However, some overlapping aspects exists since the E-CID also consists of downlink measurement and uplink measurement as:

UE measurements (TS 36.214 [20], TS 36.302 [21]), LPP "UE-assisted, E-SMLC-based E-CID":
-
Reference signal received power (RSRP);

-
Reference Signal Received Quality (RSRQ);

-
UE Rx – Tx time difference;

-
GERAN RSSI;

-
UTRAN CPICH RSCP;

-
UTRAN CPICH Ec/Io;

-
WLAN RSSI.
E-UTRAN measurements (TS 36.214 [20], TS 36.302 [21])-LPPa "eNB-assisted E-CID".:
-
eNB Rx – Tx time difference
-
Timing Advance (TADV):

-
Type1: TADV = (eNB Rx – Tx time difference) + (UE Rx – Tx time difference)
-
Type2: TADV = eNB Rx – Tx time difference;

-
Angle of Arrival (AoA).
In addition, for downlink/uplink positioning details, the details OTDOA/UTDOA have to be described.
Observation 2. In LTE stage 2, positioning techniques are captured as downlink/uplink and ECID, but there are some overlapping aspects between downlink/uplink and ECID. In addition, the details of OTDOA/UTDOA have to be described.
For LTE, in stage 3, the positioning techiniques are used instead of downlink/uplink measurement. 
Observation 3. In LTE stage 3, positioning techniques are captured directly without mentioning downlink/uplink positioning, i.e. uplink/downlink as described in stage 2 are not used in stage 3. 

Based on RAN1 LS, the listed positioning techiques are:

· DL-TDOA (UE measurement: DL-RSTD, DL PRS RSRP);

· DL-AoD (UE measurement:  DL PRS RSRP);

· Multi-RTT (UE measurement: DL PRS RSRP, UE Rx-Tx time difference ; 

      gNB measumrent: UL SRS-RSRP, gNB Rx-Tx time difference, AoA and ZoA)

· E-CID (UE measurement: SS-RSRP, SS-RSRQ, CSI-RSRP, CSI-RSRQ, SS-RSRPB)

· UL-TDOA (gNB measurement: UL-RTOA, UL-SRS-RSRP)

· UL-AoA (gNB measumrent: UL SRS RSRP, AoA and ZoA)

To capture NR positioning techniques in stage 2, there are two alternatives:
Alt1: Similar to NR Rel-15, we capture each positioning techniques individually, i.e. do not use downlink/uplink positioning as the hat for them;

Alt 2: Similar to LTE, group positioning techiniques into downlink/uplink positioning;

Considering anyway the exact positioning techniques are used in stage 3 instead of uplink/downlink positioning, and in stage 2 we have to describe what measurements are needed for particular positioning techniques instead of uplink/downlink positioning. To group positioning techniques into downlink/uplink can save nothing in both stage 2 and stage 3. We do not see the need to spend the effort on this. 

Then next question is whether all of RAN1 techiniques should be defined as separate positioning methonds in RAN2?

For instance, DL-AoD is covered by DL-TDOA and Multi-RTT, and UL AoA is covered by Multi-RTT, whether we still need to define them as separate positioning method? Or we just define them as measurements under Multi-RTT and DL-TDOA?

To our understanding, the positioning of DL-AoD and UL AoA is different from DL-TDO and multi-RTT, therefore it would be good to keep them separate. 
Proposal 1. Do not try to group NR positioning techniques into downlink/uplink postioning as LTE stage 2: The below positioning techniques are captured in stage 2 directly, i.e. :

DL-TDOA (UE measurement: DL-RSTD, DL PRS RSRP); 
DL-AoD (UE measurement:  DL PRS RSRP);

Multi-RTT (UE measurement: DL PRS RSRP, UE Rx-Tx time difference ; 

      gNB measumrent: UL SRS-RSRP, gNB Rx-Tx time difference, AoA and ZoA)

NR E-CID (UE measurement: SS-RSRP, SS-RSRQ, CSI-RSRP, CSI-RSRQ, SS-RSRPB)

UL-TDOA (gNB measurement: UL-RTOA, UL-SRS-RSRP)

UL-AoA (gNB measumrent: UL SRS RSRP, AoA and ZoA)

These positioning methods may be supported in UE-based, UE-assisted/LMF-based, and NG-RAN node assisted versions. We try to list them as below:

Table 1: Supported versions of UE positioning methods

	Method
	UE-based
	UE-assisted, LMF-based
	NG-RAN node assisted
	SUPL

	DL-TDOA
	Yes
	Yes
	No
	Yes (UE-based and UE-assisted)

	DL-AoD
	No
	Yes
	No
	Yes (UE-assisted)

	Multi-RTT
	No
	Yes
	Yes
	Yes (UE-assisted)

	NR E-CID 
	No
	Yes
	Yes
	Yes (UE-assisted)

	UL-TDOA
	No
	No
	Yes
	No

	UL-AoA
	No
	No
	Yes
	No


Proposal 2. Ask RAN2 to agree the table 1.
2.2 How to capture NR positioning techniques into stage 3?

First we need to discuss how to transfer the assistance data and measurement results, via LPP, NRPPa or RRC. 

For DL-TDOA, DL-AoD, the assistance data consisting of DL PRS configurations could be transferred via RRC (broadcast container defined in LPP), but the measurement results are only provided by UE. Therefore LPP is more suitable for the UE to provide the measurement results;

Proposal 3. DL-TDOA, DL-AoD are supported via LPP although the assistance data could be transferred via RRC based on broadcast;

For Multi-RTT, the assistance data DL PRS could be transferred via RRC (broadcast container defined in LPP) although the purpose is for DL-TDOA. Similar to LTE, the measurement results can be provided by UE or gNB.

We assume similar as LTE, for TA, both type 1 and type 2 can be supported as below:
-
Timing Advance (TADV):

-
Type1: TADV = (gNB Rx – Tx time difference) + (UE Rx – Tx time difference)
-
Type2: TADV = gNB Rx – Tx time difference;
Note: PRACH based gNB Rx-Tx time difference is not supported in Rel-16 based on RAN1 conclusion. 
Proposal 4. Similar to LTE, Type 1 TA and Type 2 TA are supported for multi- RTT in NR as:

-
Timing Advance (TADV):

-
Type1: TADV = (gNB Rx – Tx time difference) + (UE Rx – Tx time difference)
-
Type2: TADV = gNB Rx – Tx time difference;

Then for LPP, the UE can provide UE measurements to LMF directly as below:

UE measurements, "UE-assisted, LMF-based Multi-RTT":
-
DL PRS RSRP;-

-
UE Rx – Tx time difference;

Proposal 5. UE assisted, LMF based Multi-RTT is supported via LPP to provide UE measurements (DL PRS RSRP, UE Rx-Tx time difference) to LMF directly:

For NRPPa, the gNB can provide gNB measurements to LMF directly as below:

gNB  measurements -  "gNB-assisted Multi-RTT":
-
UL SRS-RSRP;

-
AoA and ZoA;

-


-
gNB Rx – Tx time difference;
Proposal 6. gNB assisted, LMF based Multi-RTT is supported via NRPPa to provide gNB measurements (UL SRS-RSRP, AoA, ZoA and gNB Rx-Tx time difference) to LMF directly; 
For Type 1 TADV, the network needs to get both UE Rx-Tx time difference and gNB Rx-Tx time difference. In LTE, it is calculated by eNB, i.e. the eNB gets UE Rx-Tx time difference from UE via RRC, and measures eNB RX-Tx time difference by itself. However in NR, multiple RTT is supported, i.e. the time difference between UE and multiple nodes. It is difficult for the serving cell to get the gNB Rx-Tx time difference from different gNBs. It would be good to let LMF calculate the results. That is, the LMF gets gNB Rx-Tx time difference from different gNBs via NRPPa, and gets UE Rx-Tx time difference for different Nodes from UE via LPP. 

Proposal 7.  To support Type 1 TADV the LMF gets gNB Rx-Tx time difference from different gNBs via NRPPa and UE Rx-Tx time difference for corrsponding gNBs from UE via LPP; 

For ECID, both UE and gNB can have the measurement results. Therefore it can be supported via both LPP and NRPPa.

Proposal 8. NR ECID is supported via NRPPa or LPP to provide UE measurements to LMF directly.

For UL-TDOA, UL AoA, only gNB measurement, can then can only be supported via NRPPa.

Proposal 9. UL-TDOA, UL AoA are supported via NRPPa to provide gNB measurements to LMF directly.

Regarding assistance data:
DL PRS can be provided from LMF to UE via LPP or RRC broadcast signaling;

Rel-16 SRS can be configured from gNB to UE via RRC;
Proposal 10. Assistance data for DL PRS is provided via LPP or RRC broadcast signalling;

Proposal 11. Assistance data for Rel-16 SRS is provided via dedicated RRC signalling;

How to capture NR positioning methods into LPP?
Alt 1: The NR positioning methods can be captured as LTE, i.e. based on DL-TDOA, DL-AoD, Multi-RTT, E-CID, and then the capability, assistance data, location request, etc are based on measurement results under the positioning methods, e.g. 

ECID-RequestLocationInformation ::= SEQUENCE {


requestedMeasurements

BIT STRING {
rsrpReq

(0),













rsrqReq

(1),













ueRxTxReq
(2),













nrsrpReq-r14
(3),













nrsrqReq-r14
(4)} (SIZE(1..8)),


...

}

The problem to capture them based on separate positioning methods is, the LMF has to trigger different positioning method if hybrid positioning methods are used.

Alt 2: We do not capture positioning techniques separately. The UE should be simply requested/configured to provide certain types of measurements and have relevant assistance information.

For instance, for NR group all things as one positioning method, e.g. NR positioning, and then the UE and LMF exchange the information based on types of measurements, e.g. DL RSTD, DL PRS RSRP, UE Rx-Tx time difference, etc. 

Example:

NR-Positioning-RequestLocationInformation ::= SEQUENCE {


requestedMeasurements

BIT STRING {
dl-RSTD

(0),













dl-PRS-RSRP

(1),













ueRxTxReq
(2)













),


...

}

To capture them based on measurement type are more flexible to support hybrid positioning methods.
Proposal 12. The NR positioning techniques are captured as single positioning method in stage 3as NR positioning method;

Proposal 13. For different positioning techniques, the LMF and UE exchange the information based on the type of measurements, i.e. we only introduce fields under NR positioning method based on measurment type as shown in example;

3 Conclusion

The observations captured are the following:
Observation 1.
In NR stage 2, positioning techniques are captured in stage 2 directly.
Observation 2.
In LTE stage 2, positioning techniques are captured as downlink/uplink and ECID, but there are some overlapping aspects between downlink/uplink and ECID. In addition, the details of OTDOA/UTDOA have to be described.
Observation 3.
In LTE stage 3, positioning techniques are captured directly without mentioning downlink/uplink positioning, i.e. uplink/downlink as described in stage 2 are not used in stage 3.


The followings are proposed:
Proposal 1.
Do not try to group NR positioning techniques into downlink/uplink postioning as LTE stage 2: The below positioning techniques are captured in stage 2 directly, i.e. :
DL-TDOA (UE measurement: DL-RSTD, DL PRS RSRP);
DL-AoD (UE measurement:  DL PRS RSRP);
Multi-RTT (UE measurement: DL PRS RSRP, UE Rx-Tx time difference ;
NR E-CID (UE measurement: SS-RSRP, SS-RSRQ, CSI-RSRP, CSI-RSRQ, SS-RSRPB)
UL-TDOA (gNB measurement: UL-RTOA, UL-SRS-RSRP)
UL-AoA (gNB measumrent: UL SRS RSRP, AoA and ZoA)
Proposal 2.
Ask RAN2 to agree the table 1.
Proposal 3.
DL-TDOA, DL-AoD are supported via LPP although the assistance data could be transferred via RRC based on broadcast;
Proposal 4.
Similar to LTE, Type 1 TA and Type 2 TA are supported for multi- RTT in NR as:
-
Timing Advance (TADV):
-
Type1: TADV = (gNB Rx – Tx time difference) + (UE Rx – Tx time difference)
-
Type2: TADV = gNB Rx – Tx time difference;
Proposal 5.
UE assisted, LMF based Multi-RTT is supported via LPP to provide UE measurements (DL PRS RSRP, UE Rx-Tx time difference) to LMF directly:
Proposal 6.
gNB assisted, LMF based Multi-RTT is supported via NRPPa to provide gNB measurements (UL SRS-RSRP, AoA, ZoA and gNB Rx-Tx time difference) to LMF directly;
Proposal 7.
To support Type 1 TADV the LMF gets gNB Rx-Tx time difference from different gNBs via NRPPa and UE Rx-Tx time difference for corrsponding gNBs from UE via LPP;
Proposal 8.
NR ECID is supported via NRPPa or LPP to provide UE measurements to LMF directly.
Proposal 9.
UL-TDOA, UL AoA are supported via NRPPa to provide gNB measurements to LMF directly.
Proposal 10.
Assistance data for DL PRS is provided via LPP or RRC broadcast signalling;
Proposal 11.
Assistance data for Rel-16 SRS is provided via dedicated RRC signalling;
Proposal 12.
The NR positioning techniques are captured as single positioning method in stage 3as NR positioning method;
Proposal 13.
For different positioning techniques, the LMF and UE exchange the information based on the type of measurements, i.e. we only introduce fields under NR positioning method based on measurment type as shown in example;
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5 Annex (mapping table in RAN1 LS[3])

	DL/UL Reference Signals
	UE Measurements
	To facilitate support of the following positioning techniques

	Rel.16 DL PRS
	DL RSTD
	DL-TDOA

	Rel.16 DL PRS
	DL PRS RSRP
	DL-TDOA, DL-AoD, Multi-RTT

	Rel.16 DL PRS / Rel.16 SRS for positioning 
	UE Rx-Tx time difference
	Multi-RTT

	Rel. 15 SSB / CSI-RS for RRM
	SS-RSRP(RSRP for RRM), SS-RSRQ(for RRM), CSI-RSRP (for RRM), CSI-RSRQ (for RRM), SS-RSRPB (for RRM)
	E-CID


	DL/UL Reference Signals
	gNB Measurements
	To facilitate support of the following positioning techniques

	Rel.16 SRS for positioning
	UL RTOA
	UL-TDOA

	Rel.16 SRS for positioning
	UL SRS-RSRP
	UL-TDOA, UL-AoA, Multi-RTT

	Rel.16 SRS for positioning, Rel.16 DL PRS
	gNB Rx-Tx time difference
	Multi-RTT

	Rel.16 SRS for positioning,
	AoA and ZoA
	UL-AoA, Multi-RTT


