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Introduction
Work item on NR Positioning support was approved in [1]. The WID has the following objectives:
Support E-CID downlink measurements based on at least RRM measurements defined in NR Rel. 15
Identify whether and which Rel-15 NR reference signals can be used for different NR positioning techniques
Define new DL positioning reference signals applicable at least for DL-TDOA, DL-AoD, RTT
Define UL SRS with possible enhancements for positioning which is applicable at least for RTT, UL-TDOA, UL-AoA
In this document, we discuss design of DL PRS and UL SRS for NR Positioning. Our views on other NR Positioning aspects are provided in our companion contribution [3]-[6].

NR Positioning Techniques, Reference Signals and Measurements
During the study item on NR Positioning, the mapping between positioning techniques, reference signals and UE/gNB measurements was partially discussed but not finalized.
In this section (please refer to Table 1), we provide our views on the minimum set of measurements needed for NR Positioning in Rel.16.
[bookmark: _Ref4002095]Table 1: Mapping of NR positioning techniques to reference signals and UE/gNB measurements
	NR Positioning Techniques
	DL Reference Signals
	UE Measurements
	UL Reference Signals
	gNB Measurements

	DL-TDOA
	Rel.16 DL PRS
	DL PRS-RSTD
	N/A
	N/A

	DL-AoD
	Rel.16 DL PRS
	DL PRS-RSRP
	N/A
	N/A

	UL-TDOA
	N/A
	N/A
	Rel.16 UL SRS
	UL SRS-RTOA

	UL-AoA
	N/A
	N/A
	Rel.16 UL SRS
	UL SRS-AoA 
(Azimuth, Zenith)

	Multi-cell RTT
	Rel.16 DL PRS
	Rx-Tx time difference
	Rel.16 UL SRS
	Rx-Tx time difference

	E-CID
	Rel.15 SSB
Rel.15 CSI-RS for BM
	Rx–Tx time difference
	Rel.15 PRACH
Rel.15 UL SRS
	Rx-Tx time difference
PRACH/SRS – AoA
SRS-RSRP, SRS-SINR


Note: Rel.16 UL SRS designates UL SRS signals with possible enhancements targeted in Rel.16 as a part of NR positioning
Note: Rel.16 DL PRS designate DL PRS signals introduced in Rel.16 for NR positioning

E-CID Reference Signals and Measurements
The following agreement was made in RAN1 WG with respect to E-CID support:
	NR should support E-CID based positioning
· E-CID downlink measurements should be supported based on at least RRM measurements defined in NR Rel. 15
· Note:
· Support of NR Rel-16 signals, measurements and procedures for E-CID are to be discussed when specified
· NR Rel-15 signals may be used to define additional UE/gNB measurements to facilitate E-CID support


In our view, this agreement is sufficient and there is no motivation to consider Rel-16 reference signals to support the NR E-CID positioning technique. Our preference, is to keep NR E-CID as a simple positioning technique that can be supported by majority of UEs. Additional measurements can be defined in Rel-16 to complete the full list of measurements which is supported by LTE positioning. In particular, NR E-CID based on Rel-15 reference signals can be enhanced by introducing additional measurements to facilitate support of UL-AoA and DL-AoD techniques. The extension of E-CID to incorporate DL-AoD can be done with help of SS-RSRP measurement which is already defined and can be reused for reporting. The extension of E-CID to incorporate UL-AoA, can be done by introducing measurements based on Rel-15 UL PRACH or SRS reference signals.


NR E-CID is supported based on Rel-15 reference signal framework
Additional measurement for NR E-CID support are introduced 
UL AoA based on Rel-15 UL SRS/PRACH
DL-AoD based on Rel-15 SS-RSRP
gNB Tx-Rx time difference
Rel-15 SS-SINR (to replace RSRQ)

Additional Measurements for NR Positioning
During the study item basic measurements were agreed to facilitate support of NR positioning. Although these measurement are required, we believe additional measurements characterizing radio environment during estimation of signal location parameters are also beneficial. Therefore we propose to introduce RSRP and SINR measurement for DL PRS and UL SRS and utilize them in UE reports.
In NR, SINR measurement was already defined. For instance, SS-SINR can be used for NR E-CID replacing RSRQ measurement. As for other NR Positioning techniques, the SINR measurement can be defined for Rel-16 DL PRS and UL SRS (PRS). In addition, we assume that RSRP measurement can be useful for any of the NR positioning techniques.


Introduce DL and UL SINR measurements for Rel-16 DL PRS and UL SRS(PRS)
RSRP measurement is used in all NR positioning techniques

Based on discussion above if proposal #1 and # 2 are agreed the overall mapping of NR Positioning techniques, reference signals and measurements can be summarized by the following table.
Table 2: Proposed mapping b/w NR positioning techniques, reference signals and measurements
	NR Positioning Techniques
	DL Reference Signals
	UE Measurements
	UL Reference Signals
	gNB Measurements

	DL-TDOA
	Rel.16 DL PRS
	DL PRS-RSTD
DL PRS-RSRP
DL PRS-SINR
	N/A
	N/A

	DL-AoD
	Rel.16 DL PRS
	DL PRS-RSRP
DL PRS-SINR
	N/A
	N/A

	UL-TDOA
	N/A
	N/A
	Rel.16 UL SRS
	UL SRS-RTOA
UL SRS-RSRP
UL SRS-SINR

	UL-AoA
	N/A
	N/A
	Rel.16 UL SRS
	UL SRS-AoA 
(Azimuth, Zenith)
UL SRS-RSRP
UL SRS-SINR

	Multi-cell RTT
	Rel.16 DL PRS
	Rx-Tx time difference, 
DL PRS-RSRP
DL PRS-SINR
DL PRS RSTD1)
	Rel.16 UL SRS
	Rx-Tx time difference
UL SRS-RSRP
UL SRS-SINR

	E-CID
	Rel.15 SSB
Rel.15 CSI-RS for BM
	SS-RSRP
SS-SINR
Rx–Tx time difference
	Rel.15 PRACH
Rel.15 UL SRS
	Rx-Tx time difference
PRACH/SRS – AoA
SRS-RSRP, SRS-SINR


1) DL PRS RSTD measurement can be used for calculation of RTT with neighboring cells in case of accurate network synchronization

Use of Rel-15 NR Reference Signals for NR Positioning
Support of Rel.15 reference signals for NR Positioning can be considered in the following contexts:
Option 1: Use of Rel-15 only reference signals for some NR positioning techniques
· The main drawback of Option 1 is that it may require implementation of two different procedures at UE side for NR Positioning (since new DL PRS signals are necessary for improved NR positioning performance). From UE and system perspective, having common solution independently of considered use cases is a preferred option.
Option 2: Use of Rel-16/Rel-15 reference signals, where use of Rel-15 reference signals is left up to UE implementation (except E-CID)
· This option, can be considered if assistance data is provided by network and the use of Rel-15 reference signals is left up to UE implementation, so that UE can utilize it for the benefit of NR positioning where it is necessary/feasible. This option, if it is supported, should not impose any requirement on joint processing of Rel-15 and Rel-16 reference signals.
Option 3: Use of Rel-16 reference signals only
· 	This option rules out the use of Rel-15 reference signal for all NR positioning techniques, except E-CID.
Based on analysis of the above options, we believe Option 2 is the best candidate for Rel-16 work.


Use of Rel-15 reference signals is left up to UE implementation, except of NR E-CID support
Network provides necessary assistance signaling to UE in order to facilitate use of Rel-15 reference signals for the benefit of NR positioning 
NR positioning measurement requirements/test cases do not assume that Rel-15 reference signals are used by UE
Consideration on DL-TDOA and DL-AoD
Based on analysis in the previous sections, the support of DL-TDOA and DL-AoD require UE RSRP measurements. We assume that for both techniques RSRP measurements will be defined for DL PRS signals. Considering it is the case, there is no much value to separate support of this positioning techniques from overall signaling perspective. Therefore we propose to combine DL-TDOA and DL-AoD under common signaling framework in terms of positioning protocols. The details can be left up to RAN2 WG.


Support of DL-TDOA and DL-AoD techniques are combined in one signaling framework 
Details are decided by RAN2 WG

Consideration on UL-TDOA and UL-AoA
Based on analysis in the previous sections, the support of UL-TDOA and UL-AoA require UE RSRP measurements and utilize the same set of signals used to conduct other measurements (e.g. UL-AoA and UL-RTOA). We assume that for both techniques RSRP measurements will be defined for DL PRS signals. Considering it is the case, there is no much value to separate support of this positioning techniques from overall signaling perspective. Therefore we propose to combine DL-TDOA and DL-AoD under common signaling framework in terms of positioning protocols. The details can be left up to RAN2 WG.


Support of UL-TDOA and UL-AoA techniques is recommended to be defined in one signaling framework 
Details are decided by RAN2 WG

Conclusion
In this contribution, we have provided our views on NR positioning techniques and their association with the NR reference signals and measurements. In summary, we have following proposals:

Proposal 1:
NR E-CID is supported based on Rel-15 reference signal framework
Additional measurement for NR E-CID support are introduced 
UL AoA based on Rel-15 UL SRS/PRACH
DL-AoD based on Rel-15 SS-RSRP
gNB Tx-Rx time difference
Rel-15 SS-SINR (to replace RSRQ)
Proposal 2:
Introduce DL and UL SINR measurements for Rel-16 DL PRS and UL SRS(PRS)
RSRP measurement is used in all NR positioning techniques
Proposal 3:
Use of Rel-15 reference signals is left up to UE implementation, except of NR E-CID support
Network provides necessary assistance signaling to UE in order to facilitate use of Rel-15 reference signals for the benefit of NR positioning 
NR positioning measurement requirements/test cases do not assume that Rel-15 reference signals are used by UE
Proposal 4:
Support of DL-TDOA and DL-AoD techniques are combined in one signaling framework 
Details are decided by RAN2 WG
Proposal 5:
Support of UL-TDOA and UL-AoA techniques is recommended to be defined in one signaling framework 
Details are decided by RAN2 WG
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