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At the RAN1 AH 1901, the following agreements were made on combination of DL & UL positioning.
	Agreement:
The following measurements for NR UL PRS at serving and neighbor gNBs should be supported:
gNB RX-TX time difference measurements
Agreement:
Round-trip time (RTT) with one or more neighboring gNBs/TRPs for NR DL and UL positioning should be supported for FR1 and FR2
Agreement:
The following measurements for NR DL PRS for serving and neighbor gNBs should be supported:
UE RX-TX time difference measurements



Other agreements made on DL-only or UL-only may also be applicable to DL & UL positioning, including DL and UL PRS design, DL and UL beam sweeping or beam alignment, UL power control, UL TA, DL and UL measurement, and etc. 
In this contribution, we are going to discuss the remaining issues on DL & UL positioning. DL-only and UL-only positioning are discussed in our companion contributions [2] and [3].

[bookmark: _Ref129681832]Support of E-CID and multi-RTT
The discussion in RAN1 AH 1901 followed the rationale that a general principle of supported positioning techniques, such as DL-TDOA and DL-AOD, and the physical layer measurements, such as RSTD and RSRP, were discussed separately. Each positioning technique is then identified and associated with its RS configuration, e.g., assistance data, and physical layer measurement from RAN1’s perspective, e.g., location information. To enable the measurement, reporting configuration (e.g., request location information) may be delivered to the UE or NG-RAN, and the measurement reporting (e.g., provide location information) may be conveyed by the UE or NG-RAN to the core network.
RAN2 [4] agreed that LPP should be reused and assumed that NRPPa would be reused. Since both LPP and NRPPa explicitly refer to a specific positioning technique in transfer of capability, assistance data, and location information, it is important for RAN1 to agree to support positioning technique in order for RAN2 and RAN3 to work on the signaling structure.
Agreements
1	LPP is reused and extended to support the new NR RAT dependent positioning methods (that are discussed in the scope of this SI)
2	RAN2 assume that NRPPa is reused to support new NR RAT dependent positioning methods (this is a RAN3 decision)
Therefore, we have the following proposal:
Proposal 1: NR should support E-CID and multi-RTT.

E-CID
E-CID positioning defined for ng-eNB in TS 38.305 can be extended to support gNB as the baseline. In particular:
· No assistance data transfer between LMF and UE is needed, and RS configuration is configured by the serving NG-RAN node by RRC.
· For DL E-CID, the measurement reports between UE and LMF include UE Rx-Tx time difference and RSRP/RSRQ.
· For UL E-CID, the measurement report between NG-RAN node and LMF is AOA/ZOA, type 1/2 TA, and RSRP/RSRQ.
For the measurement report between NG-RAN and LMF, the measurement can be partly or fully derived based on RRC configured measurement between the serving NG-RAN node and UE, e.g., type 1 TA and RSRP/RSRQ.
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Figure 1 E-CID measurement and reporting

We provide the definition of each respective measurement for UE and NG-RAN to support E-CID in the Appendix. Note that to keep the commonality between E-CID and multi-RTT, those definitions are supported for both serving cells and neighbour cells.
Proposal 2: Adopt the definition in the Appendix for the following measurements to support E-CID:
· UE Rx-Tx time difference
· gNB Rx-Tx time difference
· Timing advance
· Azimuth angle of arrival
· Zenith angle of arrival
Note that the measurements defined are only limited to the serving cell for E-CID.

Multi-RTT
Multi-RTT position extends the measurement related to RTT in E-CID between UE and serving cell to between UE and neighbour cells. In particular:
· Assistance data transfer, including the DL RS configuration of neighbour cells is needed between LMF and UE.
· For the UL RS configuration, it can be configured by the serving gNB, and the NG-RAN node to receive UL RS can be notified by LMF.
· The measurement can include UE Rx-Tx time difference and gNB Rx-Tx time difference, each reported to the LMF.
To reduce the specification impact, the NG-RAN node involved in multi-RTT should be only limited to gNB.
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Figure 2 Multi-RTT measurement and reporting

We provide the definition of each respective measurement for UE and NG-RAN to support multi-RTT in the Appendix. For the neighbour cell measurement, those tentative definitionsmay be considered as a starting point, and details are addressed in sub-section 4.1 and 4.2.
Proposal 3: Consider the definition in the Appendix for the following measurements to multi-RTT as the starting point:
· UE Rx-Tx time difference
· gNB Rx-Tx time difference

Synchronous cells
The synchronization of TDD cells is assumed by RAN4 [5] with the maximum absolution deviation in frame start timing between any pair of cells on the same frequency with overlapped coverage areas less than 3μs. When the cells are synchronous, UE may use the timing of the serving cell to receive DL RSs from a neighbour cell, and to transmit UL RSs to a neighbour cell. 
Observation 1: When cells are synchronized, such as in a TDD system, UE may use the timing of the serving cell to receive DL RSs from and to transmit UL RSs to a neighbour cell.
Observation 2: UE Rx-Tx time difference and gNB Rx-Tx time difference can be easily applied to neighbour cells when cells are synchronized.
Proposal 4: At least UE Rx-Tx time difference and gNB Rx-Tx time difference is supported for synchronized cells, such as in a TDD system.

Asynchronous cells
The synchronization of FDD cells is not assumed, in which case directly reusing timing from the serving cell to transmit or receive for a neighbour cell is not straightforward since system frame, slot number, or symbol number are not aligned between the cells.
For the DL part of multi-RTT, UE can obtain the frame timing of the neighbour cells, e.g., via higher layer signalling or receiving SSB or DL PRS, so that UE can be synchronized to DL of a neighbour cell.
For the UL part of multi-RTT, how to transmit UL signals to neighbour cell and how to enable a neighbour cell to receive the UL signal calls, and further how to calculate the Rx-Tx time difference at UE and neighbour gNB are not so simple.
Two alternatives can be considered to address the issue, as to be discussed in the following subsections.
UE UL synchronized to a neighbour cell (USNC-RTT)
One simple way is to let UE synchronize its UL to each neighbour cell, shown in Figure 3. The UL RS is configured using the timing of the neighbour cell, where additional cell-specific TA may be applied prior to transmission of the UL RS.
The benefit of USNC-RTT is that the existing UE Rx-Tx time difference and gNB Rx-Tx time difference can be directly reused and extended to neighbour cells, since the RS configuration and RS receive and transmit timing is based on the target cell.
The drawback of USNC-RTT is that it requires UE to synchronize UL to each neighbour cell and the UL RS may not be able to be shared between two unsynchronized cells.
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[bookmark: _Ref536551498]Figure 3 Asynchronous cells when UL is synchronized to each cell

UE UL only synchronized to the serving cell (USSC-RTT)
Another way is let UE synchronize its UL only to the serving cell, shown in Figure 4. The UL RS configured using the timing of the serving cell, where additional cell-specific TA may be applied prior to transmission of the UL RS.
The benefit of USSC-RTT is that UE synchronization procedure is simple, and the UL RS configuration can be supported via the existing signaling.
To support USSC-RTT with asynchronous neighbour cells, the Rx-Tx time difference at UE and gNB side should be modified as follows:
	UE Rx-Tx time difference
	The UE Rx – Tx time difference is defined as TUE-RX – TUE-TX

Where:
TUE-RX is the UE received timing of downlink radio frame #j from a cell, defined by the first detected path in time.
TUE-TX is the UE transmit timing of uplink radio frame #i of the serving cell that is closest in time to the downlink radio frame #j of the cell for which TUE-RX is calculated.

	gNB Rx-Tx time difference
	The gNB Rx – Tx time difference is defined as T gNB-RX – TgNB-TX

Where:
T gNB-RX is the gNB received timing of a radio frame that is closest in time to of radio frame #i, defined by the first detected path in time. 
T gNB-TX is the gNB transmit timing of radio frame #i.
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[bookmark: _Ref536553052]Figure 4 Asynchronous cells when UL is only synchronized to the serving cell

Observation 3: Both USNC-RTT and USSC-RTT can resolve transmission timing when the neighbour cells are asynchronous.
Proposal 5: NRs should support at least one of USNC-RTT and USSC-RTT for asynchronous networks.

Single-BS positioning
Single-BS positioning exploits the multi-path information to jointly estimate the locations of the UE and a group of semi-static reflectors. The same procedure as E-CID can be considered for single-BS positioning, with a small enhancement to measurement at gNB side for multi-path related delay and angle of arrival.
We think that this type of enhancement has little impact on the definition of the physical layer measurement, which is quite similar to multi-path reporting for OTDOA specified LTE. In particular:
· No assistance data transfer or new measurement reporting in addition to E-CID is needed.
· For UL E-CID measurement report, besides the measurement for the path used for traditional E-CID, gNB may provide LMF, with a few other triplets of {delay, azimuth angle of arrival, zenith angle of arrival}, each corresponding to an additional identified path. 
Note that since multi-path related RSTD reporting has already been supported at UE for LTE, it is natural to extend it to gNB considering the small specification impact.
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[bookmark: _Ref536552576]Figure 5 Merged single-BS positioning in E-CID reporting

Proposal 6: Extend the E-CID report to include multi-path related measurements at the gNB side to support single-BS positioning:
· The multi-path related measurement includes triplets of {delay, azimuth angle of arrival, zenith angle of arrival}
· Each triplet corresponds to a path identified by the UL channel or the SRS.

Other aspects
UE-based positioning
One benefit of UE-based positioning is reduced latency. UE performs the measurement on its own and uses the measurement to derive its positioning. The benefit would be compromised when the both DL and UL procedures are involved, since the UL measurement report needs to be routed in the core network to the UE.
Therefore, we have the following proposal:
Proposal 7: NR does not support UE-based DL + UL based positioning.
Positioning in IDLE/INACTIVE state
Tracking UE’s location in RRC_IDLE or RRC_INACTIVE state has multiple benefits including facilitating a reduced reconnection time and providing location-dependent services in those states. However, DL & UL positioning requires the transmission of UL RS which is not supported yet in RRC_IDLE/RRC_INACTIVE states. Standardization effort to provide support for UL RS transmission in RRC_IDLE/RRC_INACTIVE states is considerable and we believe that it is not pragmatic to commit to provide such a support in the Rel. 16 Positioning Work Item. As such, we propose the following:
Proposal 8: Consider positioning in RRC_IDLE and RRC_INACTIVE states in a later release. 

Conclusion
In this contribution, we presented our view on DL+UL based positioning. Based on the discussion, we have the following observations and proposals.
Observation 1: When cells are synchronized, such as in a TDD system, UE may use the timing of the serving cell to receive DL RSs from and to transmit UL RSs to a neighbour cell.
Observation 2: UE Rx-Tx time difference and gNB Rx-Tx time difference can be easily applied to neighbour cells when cells are synchronized.
Observation 3: Both USNC-RTT and USSC-RTT can resolve transmission timing when the neighbour cells are asynchronous.
Proposal 1: NR should support E-CID and multi-RTT.
Proposal 2: Adopt the definition in the Appendix for the following measurements to support E-CID:
· UE Rx-Tx time difference
· gNB Rx-Tx time difference
· Timing advance
· Azimuth angle of arrival
· Zenith angle of arrival
Note that the measurements defined are only limited to the serving cell for E-CID.
Proposal 3: Consider the definition in the Appendix for the following measurements to multi-RTT as the starting point:
· UE Rx-Tx time difference
· gNB Rx-Tx time difference
[bookmark: _GoBack]Proposal 4: At least UE Rx-Tx time difference and gNB Rx-Tx time difference is supported for synchronized cells, such as in a TDD system.
Proposal 5: NRs should support at least one of USNC-RTT and USSC-RTT for asynchronous networks.
Proposal 6: Extend the E-CID report to include multi-path related measurements at the gNB side to support single-BS positioning:
· The multi-path related measurement includes triplets of {delay, azimuth angle of arrival, zenith angle of arrival}
· Each triplet corresponds to a path identified by the UL channel or the SRS.
Proposal 7: NR does not support UE-based DL + UL based positioning.
Proposal 8: Consider positioning in RRC_IDLE and RRC_INACTIVE states in a later release. 
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Appendix A. 
A.1 UE Rx – Tx time difference
	Definition
	The UE Rx – Tx time difference is defined as TUE-RX – TUE-TX

Where:
TUE-RX is the UE received timing of downlink radio frame #i from a cell, defined by the first detected path in time.
TUE-TX is the UE transmit timing of uplink radio frame #i.

For frequency range 1, the reference point for TUE-RX shall be the Rx antenna connector of the UE. For frequency range 2, TUE-RX shall be measured based on the combined signal from antenna elements corresponding to a given receiver branch. 

For frequency range 1, the reference point for TUE-TX shall be the Tx antenna connector of the UE. For frequency range 2, TUE-TX shall be measured based on the combined signal from antenna elements corresponding to a given transmitter branch.

	Applicable for
	RRC_CONNECTED intra-frequency



A.2 gNB Rx – Tx time difference
	Definition
	The gNB Rx – Tx time difference is defined as T gNB-RX – TgNB-TX

Where:
T gNB-RX is the gNB received timing of radio frame #i, defined by the first detected path in time. 
T gNB-TX is the gNB transmit timing of radio frame #i.

For frequency range 1, the reference point for the T gNB-RX shall be the Rx antenna connector of the gNB. For frequency range 2, T gNB-RX shall be measured based on the combined signal from antenna elements corresponding to a given receiver branch. 

For frequency range 1, the reference point for T gNB-TX shall be the Tx antenna connector of the gNB. For frequency range 2, T gNB-TX shall be measured based on the combined signal from antenna elements corresponding to a given transmitter branch.



A.3 Timing advance (TADV)
	Definition
	Type1:
Timing advance (TADV) type 1 is defined as the time difference 

	TADV = (gNB Rx – Tx time difference) + (UE Rx – Tx time difference),
where the gNB Rx – Tx time difference corresponds to the same UE that reports the UE Rx – Tx time difference.

Type2:
Timing advance (TADV) type 2 is defined as the time difference 

	TADV = (gNB Rx – Tx time difference),
where the gNB Rx – Tx time difference corresponds to a received uplink radio frame containing PRACH from the respective UE.



A.4 Azimuth angle of arrival (AoA)
	Definition
	AoA defines the estimated angle of a user with respect to a reference direction. The reference direction for this measurement shall be the geographical North, positive in a counter-clockwise direction.

The AoA is determined at the gNB antenna for an UL channel or an SRS corresponding to this UE.



A.5 Zenith angle of arrival (ZoA)
	Definition
	ZoA defines the estimated angle of a user with respect to a reference direction. The reference direction for this measurement shall be the axis perpendicular to the horizontal plane.

The AoA is determined at the gNB antenna for an UL channel or an SRS corresponding to this UE.
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