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1. Introduction
Regarding the necessity and details for physical-layer procedures to support UE and gNB measurements, the following agreements were made in 3GPP RAN1 #97 meeting [1].
	Agreement:
For intra-frequency measurements, when measurement gaps are configured, the UE is expected to measure the DL PRS resource outside the configured (active and inactive) BWPs (Option 2 in the related Agreement from RAN1 #96-Bis).
· Note: The UE has flexibility to measure only on a part of the DL PRS configured bandwidth as long as measurement requirements are met.

Agreement:
For positioning purposes, to assist UE to perform Rx beamforming, the following options are supported (options are from previous related agreement in RAN1#96bis):
· Option 1: The DL PRS can be configured to be QCLed Type D with a DL Reference Signal from a serving or neighboring cell.
· Discuss further which DL reference signal can be used (e.g., SSB, CSI-RS, DL-PRS).
· Option 2: The UE may perform a Rx beam sweeping on DL PRS resources which are transmitted with the same downlink spatial domain transmission filter.
· Option 3: The UE may use a fixed Rx beam to receive DL PRS resources which are transmitted with different downlink spatial domain transmission filter.
· FFS: Whether this option can be achieved by Option 1
· FFS on specification impacts.

Agreement:
For positioning purposes, with regards to the UL SRS transmission power, support at least the following in addition to the existing Rel-15 behaviour:
· Support configuring a DL reference signal of a neighbouring cell to be used as DL path loss reference for the purpose of SRS power control.  
· FFS: Which reference signals can be used (e.g. a CSI-RS, or a SSB, or DL PRS). 
· Study further the UE configuration signalling and procedure.
· FFS on a fallback procedure if the UE is not able to obtain the pathloss reference.
· FFS on number of measurements for pathloss.

Agreement:
For positioning purposes, for UL Beam management/alignment towards serving and neighbouring cells, the following is supported (in addition to UE TX beam sweeping):
· Configuration of a spatial relation between a reference DL RS from serving or neighbouring cells and the target SRS.
· Reference DL RS that can be used include at least SSB. FFS on CSI-RS, DL-PRS.
· A fixed Tx beam for UL SRS transmissions across multiple UL SRS Resources, for both FR1 and FR2.
· FFS how the fixed beam is selected.
· FFS on specification impacts.
Note: In Rel-16, UE is not expected to transmit multiple SRS resources with different spatial relations in the same OFDM symbol (Rel-15 behaviour)


In this contribution, we discuss the several aspects based on the previous agreement that will be described in the following section one by one.

1. Discussion 
In this section, we firstly discuss the main issues on the TX/RX beam sweeping aspect, SRS transmission timing issue, power control, and DL PRS and SSB configuration for NR positioning support, and also reveal our views on other remaining issues.
1. Consideration on TX/RX beam
In the previous meeting, it was agreed to support RX beam sweeping to receive DL PRS and TX beam sweeping to send UL SRS, which are respectively captured as the second and the last agreement in Section 1. Regarding the DL RX beamforming, we specifically discuss how to support option 2 and option 3 in our companion contribution [2].
For the configuration of QCL type D considering neighbouring cell(s), SSB could be basically considered as a QCL source of QCL type D, but PRS would be more appropriate as a source of QCL type D in consideration of more neighbouring cells rather than two or three adjacent cells since it is difficult to guarantee SSB detection from many neighbouring cells. Thus, PRS should be possible as a QCL source of QCL type D. For the same reason, PRS resource needs to be considered as a source for spatial relation configuration of a SRS.

Proposal 1:
· Support a PRS resource as a source of QCL type D configuration for another PRS resource.
· Support a PRS resource as a source of spatial relation configuration for a SRS resource.

Furthermore, based on the option 2 and option 3 of RX beam sweeping for the reception of PRS, TX beam at the UE for SRS transmission and its corresponding RX beam at the TP/gNB could be effectively determined. More specifically, it could be assumed that the gNB/TP sends multiple PRS resources in multiple spatial directions using multiple TX beams so that the target UE can receive them with the same RX beam. Also, the gNB/TP also transmits multiple PRS resources for a fixed spatial direction with a single TX beam so that the UE can receive the PRS resources while changing the RX beam.
(Option 2) For the multiple PRS resources transmitted through a specific TX beam of the gNB/TP, propagation time of the first arrival signal path can be measured by the target UE while changing RX beam with respect to each transmitted PRS resource. (Option 3) This measurement procedure to obtain the propagation time could be performed for the overall TX beams of the gNB/TP. As a consequence, the UE can find a specific PRS resource index and a specific RX beam direction, which shows the minimum ToA among all of the obtained TOA(s). A specific TX beam information that has the minimum ToA can be known to gNB/TP by reporting the PRS resource index.
After the above procedure, the DL RX beam of the UE can be used for a UL TX beam to transmit UL SRS resource(s) intended to the gNB/TP for NR positioning, and the DL TX beam of the gNB/TP corresponding to the PRS resource index can be used as a RX beam when the SRS resource is transmitted in the uplink. For this purpose, the PRS resource index needs to be reported by the UE.

Furthermore, we also need to discuss AoD based positioning since support of it based on TX beam information was agreed in RAN1 AH-1901 meeting [3], which is captured as below:
	Agreement:
· NR should support timing (DL-TDOA) based DL-only positioning techniques in FR1 and FR2
· NR should support angle (DL-AoD) based DL-only positioning techniques with at least beam sweeping at least at the gNB in FR1 and FR2
· Note: This does not necessarily need different reference signals from the timing based DL-only positioning techniques


To support DL-AoD based positioning technique through TX beam sweeping, it would be essential to support PRS beam information reporting based on the minimum propagation time with respect to multiple PRS resources, since the maximum RSRP based beam selection leads to wrong estimation of the direction of the UE.
 Let us consider a simple example with consideration of Figure 1. The target UE can detect a LoS (Line of Sight) signal path for a PRS transmitted by TX beam #2 even if there is a substantial penetration loss according to the building. On the other hand, the UE can measure the maximum RSRP about the PRS transmitted by TX beam #1 due to low penetration loss even if the signals are reflected. This might be feasible and reasonable according to the fading environment. In this case, it could be quite different between the angles denoted by  and  respectively for TX beam #1 and TX beam #2. This simple example implies that RSRP based reporting of PRS resource is not appropriate for AoD based positioning. At least for AoD based positioning, therefore, the minimum ToA based reporting of PRS resource index should be supported. 
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[bookmark: _Ref16797744]Figure 1. An illustrative example of PRS transmission and reception

Proposal 2:
· At least for AoD-based positioning, NR positioning should support reporting of a PRS resource index showing the minimum propagation time among multiple PRS resource(s).
· If more than two PRS resources show the same minimum propagation time, signal strength can be considered to report a single PRS resource among those selected PRS resources.

Intuitively, CSI-RS configured for L1-RSRP measurement and/or SS/PBCH block could be considered to make use of the TX beam information. AoD information of a RS resource and/or RS resource set corresponding to the maximum RSRP needs to be available to LMF in order to support the UE positioning based on AoD information of TX beam(s). For this purpose, gNB needs to send the AoD information of RS resource(s) to LMF, and the UE(s) needs to report RS resource information corresponding to the maximum RSRP to LMF.

Proposal 3:
· To support AoD based DL-only positioning technique with at least beam sweeping, need to define signalling mechanism on beam information between gNB, LMF, and UE. 
· For example, the gNB sends the AoD information of RS resource(s) to LMF, and the UE reports RS resource index corresponding to minimum TOA or the maximum RSRP to gNB/LMF.

The target UE’s cell information would be also useful for the DL TX beam configuration, which can be attained by ECID technique, where ECID is a positioning technique based on the cell ID information and the measurements obtained from UE(s) and/or gNB such as RSRP, RSRQ, RX-TX time difference, etc. There might be some technical limitations to accurately estimate the location of the target UE by using ECID method only, but ECID could be effectively used with another DL positioning technique such as multi-cell RTT and OTDOA for more accurate estimation of the target UE’s location. For example, LMF can attain the global/physical cell and/or cell-portion information of the target UE’s location by ECID technique. Then, this cell information of the target UE’s location could be used as a reference information to determine TX beam direction or TX beam sweeping range of the neighbour cell(s). As shown in Figure 2, if the gNB/cell information of the target UE’s location is known to the neighbour gNB 1, 3, and 4, then these gNB can make use of some specific TX beam(s) or determine the beam sweeping range to transmit PRS resource(s).

Proposal 4:
· The cell information at LMF of the target UE’s location could be used as a reference information to determine PRS TX beam direction or PRS TX beam sweeping range of the neighbour cell(s). 
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[bookmark: _Ref984961]Figure 2. An illustrative example of multiple gNBs sending PRS to the target UEs that are located in gNB 2.

1. Transmission timing and timing adjustments
In RAN1 #96bis meeting [4], three options related to SRS transmission timing issue were agreed as follows. In the previous meeting, it was also actively discussed
	Agreement:
For positioning purposes, with regard to the UL SRS transmission timing, at least the following options have been identified:
· Option 1: No adjustment is made to the configured TA. That is, support only a TA configuration which is based only on the serving cell (i.e., the TA value applied to the corresponding UL symbol is the same as the latest TA for regular UL symbols).
· Option 2: The configured TA can be adjusted for the purpose of transmitting UL SRS intended to a neighboring cell. The adjustment value can be provided by the UE to the network upon request.
· Note: The adjustment value is not needed to be known at the measuring cell for the purpose of UL-AoA measurement
· Option 3: The configured TA can be adjusted for the purpose of transmitting UL SRS intended to a neighboring cell. The adjustment value is provided by the network to the UE.


The timing advance (TA) was designed based on the serving cell timing for the effective wireless data communication between the UE and the serving gNB/cell. For the purpose of NR positioning, however, we need to consider a modification of the current TA configuration. If the target UE always transmits UL SRS resource(s) with the configured TA based on serving cell, ToA measurement accuracy of neighbouring gNBs/cells would degrade than that of the serving gNB/cell, which leads to attain the inaccurate RSTD measurements.
The requirement of NR positioning accuracy is tighter than LTE positioning, so higher RSTD accuracy is quite important. Thus, multiple TA configurations need to be considered with respect to not only serving cell timing but also timings for the multiple neighbouring cells in order to support the high accuracy positioning performance when using UL based or UL/DL based positioning technique(s).
In addition, the UE behaviour needs to be discussed when the timing advance configuration is changed during UL SRS transmission. If the configured TA value of the target UE is changed according to some reasons such as the change of serving cell during UL SRS transmission interval, the reception points such as neighbouring cells or LMUs would not be indicated about the changed timing advance information for a while. Because of the absence of the changed TA information, the ToA measurement accuracy could be degraded, and performance of the UL or UL/DL based positioning also can be degraded. Therefore, RAN1 needs to discuss how to indicate the changed TA value to LMF/TRPs and/or how to prevent TOA accuracy degradation.

Proposal 5:
· Support one or both of the option 2 and option 3 of the above agreement.

Even if option 2 or option 3 could not be supported, we should discuss the impact of the change of TA configuration by the serving cell, which may influence on the receiving time of not only serving cell but also neighbouring cells.

1. Power Control
In the previous meeting, it was agreed to support the SRS transmission power control considering neighbouring cell, which is captured as the third agreement in Section 1. However, it was not agreed which DL reference signals can be used. In consideration of detection possibility for many neighbouring cells, at least DL PRS should be used as DL path loss reference for SRS power control.
In case that the UE is not able to obtain the path-loss reference for neighbouring cells, fallback procedure needs to be established. For this reason, we suggest several options in the following proposal.

Proposal 6:
· Support one of the following options for fallback mode of SRS transmission power control, which is used when the UE cannot obtain path-loss reference for target neighbouring cell(s).
· Option 1: The UE does not transmit the SRS resource(s) which is intended to the target neighbour cell(s)
· The UE informs the network of the circumstance which is impossible to transmit SRS intended to the target neighbouring cell(s)
· Option 2: The UE transmits the SRS resource(s) to the intended target neighbour cell(s) with the maximum transmission power 
· Option 3: The UE transmits the SRS resource(s) to the intended target neighbour cell(s) following the SRS transmission power intended to the serving cell.
· Option 4: The UE transmits the SRS resource(s) to the intended target neighbour cell(s) following the SRS transmission power control intended to neighbouring cells but it is indicated by the serving cell
· E.g., power offset(s) can be indicated with respect to SRS transmission power for serving cell.

In consideration of undetectable RS resource transmitted from neighbouring cell(s), the option 1 could be reasonable since the gNB/TP in neighbouring cell(s) could not detect the SRS resource even if the UE transmits this with full power which is far less than the gNB transmission power in neighbouring cell.

1. gNB configuration for SSB for NR positioning support
A joint utilization of both the narrow-band and wide-band based OTDOA could be helpful in terms of the UE complexity, since the measurement values obtained through the narrow-band RS could be employed as a priori information for the UE and/or LMF before the wide-band based OTDOA operation to reduce the computational complexity and/or improve RSTD measurement/reporting accuracy, and so forth. 
For example, SSB (Synchronization Signal Block) configured for RRM measurement could be utilized as a narrow-band based RS for OTDOA, which is transmitted within SMTC window with a fixed 20 RBs. The target UE(s) can estimate ToA(s) for the SSB(s) transmitted from serving and neighbouring cells, and can attain the RSTD value(s) if the UE can estimate the ToAs for more than three cells. Then, the target UE is able to determine the correlation search window size to receive PRS resources transmitted from the cell that transmitted SSB. For this purpose, NR needs to support the configuration of ToA/RSTD measurement and reporting for the SSB to be monitored.

Proposal 7: 
· NR needs to support ToA/RSTD measurement and reporting for both SSB and DL PRS.

In addition, in order for the effective PRS configuration, it would be meaningful to consider the PRS resource configuration/allocation based on UE request. The UE can request PRS resource configuration to gNB/LMF based on the attained measurement information from the received SSB(s), which could be helpful for reducing TX beam sweeping range for PRS transmission from the cell.

1. DL PRS configuration aspect
The computational complexity for the cross-correlation computation is proportional to the product of the PRS signal bandwidth and the search window size to detect a single PRS resource at the target UE. From a practical point of view, it is unavoidable to make use of large bandwidth resource(s) and many ToA/RSTD measurements from many gNBs/TPs to attain a high accuracy positioning. Furthermore the size of the initially configured search window is inevitably large unless a priori information of the target UEs is known to LMF, but priori information is difficult to be obtained before the estimation of the UE.
To attain the priori information before high accurate estimation of the UE’s location using wide-band RS bandwidth, we first consider a common PRS sequence transmission from multiple gNBs/TPs, and then we introduce a sequential transmission of narrow-band based RS and wide-band based RS.
Firstly, a common PRS sequence transmission from multiple gNBs/TPs in a single frequency network (SFN) could be considered. More specifically, if multiple gNBs/TPs share a common PRS sequence and they transmit the PRS at the same time, then the target UE is able to measure ToAs from those TPs through a single cross-correlation operation for the corresponding single PRS sequence. If the target UE is able to discriminate each ToA and its corresponding TP, it would be the best. However, even if it is not possible to discriminate different gNBs/TPs from the received common PRS, the UE would be able to roughly derive ToA/RSTD measurements for those TPs. These rough measurement values could be useful for the computational complexity perspective for the target UE and/or LMF.
As an example shown in Figure 3, the target UEs could be able to adjust the size of initially configured search window for cross-correlation operation by measuring ToA(s) from the transmitted common PRS sequence at the same time. The size of the initially configured search window would be inevitably large unless a priori information of the target UEs is known to LMF, but the UEs is able to adjust the size of search window based on the TOA(s)/RSTD(s) measurement values with the common PRS. Then the UEs can make use of the adjusted search window to compute cross-correlation for the PRS transmitted with an independent sequence. 
[image: ]
[bookmark: _Ref534724376]Figure 3. An illustrative example for the search window adjustment using the common PRS sequence.
Based on this principle, two step PRS transmission could be considered for the OTDOA technique with low complexity, where the first step is to simultaneously transmit the common PRS sequence from multiple gNBs/TPs and the second step is to transmit the independent PRS sequence transmission from each TP. In particular, it would be reasonable to use the limited time and/or frequency resources for the common PRS transmission in the first step since its main objective is to adjust the search window for the low cross-correlation computation complexity while receiving the independent PRS sequences transmitted from all of gNBs/TPs through wideband for high accuracy performance. Furthermore, multiple common PRS sequences can be used by multiple groups where each group consists of multiple gNBs/TPs.

Proposal 8: 
· NR needs to consider two-step based PRS transmission:
· The first step is to simultaneously transmit the common PRS sequence from multiple gNBs/TPs and the second step is to transmit the independent PRS sequence transmission from each TP.

1. Multi-cell RTT based NR Positioning
In NR positioning SI [5], it was agreed that round-trip time (RTT) with one or more neighbouring gNBs/TPs for NR DL and UL positioning should be supported for FR1 and FR2.
There are two methods for multi-cell RTT based positioning:
1) Method 1
It performs per-gNB/TRP RTT measurement over multiple gNB/TRPs for triangulation localization.
2) Method 2
It performs the RTT measurement over a single gNB/TRP (e.g. in the serving cell), and measures RSTD over the other gNB/TRPs and gNB RX-TX time difference.
Figure 4 shows the overall procedure and measurements required for multi-cell RTT based positioning technique. Details of the method 1 and method 2 are described in the following.
Multi-cell RTT based positioning method 1
Figure 4 shows an example for the two BSs (Base Station, which means gNB or TP) case. The same process can be extended to multiple BSs case for triangular localization. For the uplink PRS, BS1 measures the gNB RX-TX time difference (Δ0). For the downlink PRS, UE measures the UE RX-TX time difference (Δ1). The RTT is calculated from the difference between the two measured time difference (Δ1- Δ0 in this case).
The same process is done for BS2 and the RTT over BS2 is calculated as Δ3- Δ2. If more than one BS is also available for RTT measurement in this case, the UE position can be determined by the triangular localization. In this case, all the relevant time difference measurements should be reported to LMF, which finally decides the UE position based on the reported measurements.
The reporting process over the serving cell for RTT measurement is already specified in Release 9. The reporting over the neighbour cell, for example, requires a new process.
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[bookmark: _Ref5133421]Figure 4 Multi-cell RTT procedure

Multi-cell RTT based positioning method 2
The method 2 reuses the reporting process defined for OTDOA. As shown in Figure 4, the UE RX-TX time difference over BS2 (Δ3) is the sum of the UE RX-TX time difference over BS1(Δ1) and the RSTD (Δ4) between BS1 and BS2 in DL OTDOA measurement. In method 2, after reporting RTT-related time difference measurements over BS1 (Δ0 and Δ1), UE reports the RSTD (Δ4) value instead of reporting UE RX-TX time difference over BS2 (Δ3). The BS2 measures gNB RX-TX time difference (Δ2) and reports to LMF. The same OTDOA-relevant process is done for other BSs for RTT measurement, and LMF decides the target UE’s location based on the reported measurements and triangular localization.
The advantage of the method 2 is that the multi-cell RTT based positioning feature can also be used by the LTE UE. This is because the method 2 does not require any new operation and process from the UE perspective. Note that unlike the DL OTDOA positioning, the gNB/TP does not have to send the DL PRS at the same time instant, as shown in Figure 4.

1. Conclusion
In this contribution, we reveal our views on the necessity and details for physical-layer procedures for NR positioning, and summarize our proposals as follows:

Proposal 1:
· Support PRS resource as a source of QCL type D configuration for another PRS resource.
· Support PRS resource as a source of spatial relation configuration for a SRS resource.

Proposal 2:
· At least for AoD-based positioning, NR positioning should support reporting of a PRS resource index showing the minimum propagation time among multiple PRS resource(s).
· If more than two PRS resources show the same minimum propagation time, signal strength can be considered to report a single PRS resource among those selected PRS resources.

Proposal 3:
· To support AoD based DL-only positioning technique with at least beam sweeping, need to define signalling mechanism on beam information between gNB, LMF, and UE. 
· For example, the gNB sends the AoD information of RS resource(s) to LMF, and the UE reports RS resource index corresponding to minimum TOA or the maximum RSRP to gNB/LMF.

Proposal 4:
· The cell information at LMF of the target UE’s location could be used as a reference information to determine PRS TX beam direction or PRS TX beam sweeping range of the neighbour cell(s). 

Proposal 5:
· Support one or both of the option 2 and option 3 of the above agreement.

Proposal 6:
· Support one of the following options for fallback mode of SRS transmission power control, which is used when the UE cannot obtain path-loss reference for target neighbouring cell(s).
· Option 1: The UE does not transmit the SRS resource(s) which is intended to the target neighbour cell(s)
· The UE informs the network of the circumstance which is impossible to transmit SRS intended to the target neighbouring cell(s)
· Option 2: The UE transmits the SRS resource(s) to the intended target neighbour cell(s) with the maximum transmission power 
· Option 3: The UE transmits the SRS resource(s) to the intended target neighbour cell(s) following the SRS transmission power intended to the serving cell.
· Option 4: The UE transmits the SRS resource(s) to the intended target neighbour cell(s) following the SRS transmission power control intended to neighbouring cells but it is indicated by the serving cell
· E.g., power offset(s) can be indicated with respect to SRS transmission power for serving cell.

Proposal 7: 
· NR needs to support ToA/RSTD measurement and reporting for both SSB and DL PRS.

Proposal 8: 
· NR needs to consider the two-step based PRS transmission:
· The first step is to simultaneously transmit the common PRS sequence from multiple gNBs/TPs and the second step is to transmit the independent PRS sequence transmission from each TP.
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