[bookmark: _GoBack]3GPP TSG RAN WG1 Meeting #98	R1-1909545
Prague, Czech Republic, August 26-30, 2019
Agenda Item:	7.2.10.3
Source:	FUTUREWEI
Title:	Measurements for NR Positioning
Document for:	Discussion and decision 

[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In this contribution, the remaining issues on the finalization of UE and gNB measurements to support DL and UL reference signals for NR Positioning are discussed. Specifically, as agreed in RAN1#97, we have the following remaining tasks:
· Support reporting separate metric(s) corresponding to quality of each of the following measurements
· RSTD
· UE Rx-Tx time difference
· UL-RTOA
· gNB Rx-Tx time difference
· UL angle of arrival, including the azimuth of arrival (AoA) and the zenith of arrival (ZoA)
· FFS: The details of these quality metrics

Of the above, the UE measurements are needed for DL RSTD and UE Rx-Tx time difference, and gNB measurements are needed for UL RTOA, UL AoA, and gNB Rx-Tx time difference. These UE and gNB measurements are considered in the sections below. 

UE and gNB Measurements 
In RAN1#97, the reference point for RSTD measurements for FR1 is at the antenna connector at the UE and for FR2 the decision is left up to RAN4 in the following RAN1 agreement:
Agreement:
· For FR1, the reference point of the RSTD measurement is the Rx antenna connector of the UE
· For FR2, RAN1 has considered the following options as the reference point of the RSTD measurement. The final decision is up to RAN4 on how to define the reference point of the RSTD measurement. 
· Option 1: the combined signal from antenna elements corresponding to a given receiver
· Option 2: the Rx antenna of the UE

Option 2 above is meant to consider the use of beamforming, alignment and/or beam sweeping operations that are supported and is agreed operation for positioning. In another agreement, we have listed the following options on the RSTD definition for further down-selection:
Select one (or more) of the following options for the definition of the RSTD
· Option 1: RSTD is defined as the time difference with respect to the subframe timings associated with the different TPs;
· Option 2: RSTD is defined as the time difference with respect to the timings associated with the DL PRS resource sets of different TPs
· Option 3: RSTD is defined as the time difference with respect to the timings associated with the DL PRS resources of different TPs
· Note: Definition of the RSTD applies at least to the RSTD measurements obtained from DL PRS. It does not preclude the RSTD obtained from other DL RS.

The Resource and Resource Set are introduced so that each Resource in a Resource Set is associated with a single beam transmitted from a single TRP. If RAN4 decides that the measurement reference point is to take into consideration the differentiation of beams through its antenna elements at the receiver, then at the transmitter, the definition of RSTD should support the same (Option 3).
If RAN4 decision on UE reference point disregard the different received beams (Option 1: the combined signal from antenna elements corresponding to a given receiver), then the corresponding simpler definition based on Option 1 would suffice. 

Proposal 1:
· On the RSTD definition, either Option 1 or 3 should be supported based on RAN4 decision on the support of RSTD measurement points i.e. whether the RSTD definition should take into consideration receiver and transmitter beam information. 

Measurements Definition 
The above considerations can be applied as well for the UE Rx-Tx difference measurements, the UL RTOA and gNB Rx-Tx difference measurements. The different proposals are:
· Issue 1: Should the UE/gNB Rx-Tx time difference and UL RTOA be defined with respect to the receiving timings of the radio frames, or with the PRS resource set, or with the UL PRS resource
We consider the agreed use of beamforming, alignment and/or beam sweeping operations an important aspect of NR and all its associated features. This view applies to both the UE and more so at the gNB due to the lesser constraints on cost and form factor. Therefore, measurements should also be beam/panel dependent.
Proposal 2:
· On the UE Rx-Tx time difference definition and Reference point, the same approach as for DL RTOA should be adopted. 

gNB Reference Points 
On the reference point for gNB Rx-Tx time difference measurements, from the standardization of Active Antennas (AAS) and radiated requirements in LTE, it is critical that especially for FR2 with expected active antenna implementation of UL beamforming, the reference point is based on its radiated equivalent port rather than the antenna connector for FR1.
[bookmark: _Hlk17489451]Proposal 3:
· For FR1, the reference point of the gNB Rx-Tx measurement is the Rx antenna connector of the BS
· For FR2, RAN1 has considered the different  options as the reference point of the RSTD measurement. The final decision is up to RAN4 as well on how to define the reference point for UL measurements at the gNB. . 

Rx Diversity Consideration 
There have been various views on the effect on measurements when receive diversity is implemented at the UE and/or gNB. For the UE, the measurements would be on the DL RSTD and UE Rx-Tx time difference. For the gNB, similarly, the possible impact is on the measurements of UL RTOA and gNB Rx-Tx time difference.
The time offset between the branches of the receiver would be insignificant compared to the propagation delay. There were proposals that whether diversity is used is left up to UE implementation. However, it is not clear what this actually means in terms of meeting performance requirement i.e. if there is no baseline understanding how the UE behaves, then the measurements can’t be compared and used with the understanding that it is meeting minimum performance. 
Proposal 4:
· If receiver diversity is in use by the UE, the reported UE Rx-Tx time difference value shall not be lower than the corresponding UE Rx-Tx time difference any of the individual receiver branches.

When receiver diversity is used by the gNB for gNB Rx-Tx time difference measurement, different receiver branches may have different Rx timing. However, the use of receiver diversity at the gNB is a network implementation issue that should not impact the core RAN1 specifications. The decision on enforcement should be discussed in RAN4 in terms of minimum performance requirements.
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· If receiver diversity is in use by the gNB, the reported gNB Rx-Tx time difference value should  not be lower than the corresponding gNB Rx-Tx time difference any of the individual receiver branches.
· No RAN1 specifications on this is needed.

UL Angle of Arrival 
Support of UL angle of arrival includes the azimuth of arrival (AoA) and the zenith of arrival (ZoA). A number of contributions have discussed the UL angle of arrival measurement. Two of the issues identified are:
· The definition of the angle of arrival in term of per user or per beam of the user
· Reference point for the measurement of angle of arrival

In line with the discussions that have been presented in this contribution, our view is the following
Proposal 6:
· Angle of arrival measurements on a per beam basis is supported.

Positioning Techniques and Associated RSs 
[bookmark: _Ref129681832]One of the objectives of the NR positioning WID includes the following [2]:
· 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

E-CID is a downlink and uplink-based positioning technique and both UE and eNB could perform related measurements for the RTT and uplink AoAs. In LTE, no specific reference signals for designed specifically for E-CID. NR can adopt similar approach and reusing its existing Rel. 15 reference signals in SS-RSRP, SS-RSRQ and SRS.  

For other positioning techniques where new reference signals such as DL/UL PRS are newly standardized, it should not be mandatory for these positioning techniques to use of Rel-15 reference signals. In other words, the performance requirements do not require the use of Rel-15 reference signals for positioning technical other than E-CID.

Proposal 7: 
· Support of E-CID positioning in NR is based on Rel-15 reference signals. Use of other Rel-16 reference signals are left up to UE implementation. 


Conclusions
In this contribution, the following have been proposed:
Proposal 1: On the RSTD definition, either Option 1 or 3 should be supported based on RAN4 decision on the support of RSTD measurement points i.e. whether the RSTD definition should take into consideration receiver and transmitter beam information. 

Proposal 2: On the UE Rx-Tx time difference definition and Reference point, the same approach as for DL RTOA should be adopted. 

Proposal 3:
· For FR1, the reference point of the gNB Rx-Tx measurement is the Rx antenna connector of the BS
· For FR2, RAN1 has considered the different  options as the reference point of the RSTD measurement. The final decision is up to RAN4 as well on how to define the reference point for UL measurements at the gNB. . 

Proposal 4: If receiver diversity is in use by the UE, the reported UE Rx-Tx time difference value shall not be lower than the corresponding UE Rx-Tx time difference any of the individual receiver branches.

Proposal 5:
· If receiver diversity is in use by the gNB, the reported gNB Rx-Tx time difference value should  not be lower than the corresponding gNB Rx-Tx time difference any of the individual receiver branches.
· No RAN1 specifications on this is needed.
Proposal 6:
· Angle of arrival measurements on a per beam basis is supported.
· The reference point for the angle of arrival measurements for FR1 is at the Rx antenna connector of the gNB, and for FR2, at the Rx antenna element/equivalent port of the gNB

Proposal 7: Support of E-CID positioning in NR is based on Rel-15 reference signals. Use of other Rel-16 reference signals are left up to UE implementation. 
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