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Introduction
[bookmark: _Hlk510705081]As part of the recently approved WID [1], RAN1 has the following objective related to physical layer procedures for NR positioning:
If necessary, define physical-layer procedures to support UE/gNB measurements for NR positioning [RAN1]

This contribution discusses Nokia’s view on any physical-layer procedures needed to support NR positioning measurements in Rel-16. See our companion contributions [2] and [3] for our views on reference signal design and UE/gNB measurements respectively. 
Discussion
DL beamforming issues
During the study item phase [4] it was agreed that NR DL PRS design for FR1 and FR2 should support:
· Use of DL beam sweeping / alignment
· i.e. beam alignment of gNB DL PRS transmission and UE reception of DL PRS
The details of how to perform DL beam sweeping for the PRS should be discussed and worked out during the WI. 
In NR Rel-15 other DL RS already have support for beam sweeping (e.g., SSB). The procedures already in place for those RS should be reused when applicable to PRS. 
Proposal 1: The already standardized beam sweeping process for SSB should be a starting point for discussion of the beam sweeping procedure for PRS.
Beam alignment of gNB DL PRS transmission and UE reception of DL PRS should also be discussed. If a UE performed prior measurements these may be able to be used during reception of PRS to reduce complexity. For example, if the UE knows the SSB index of the serving cell and that the PRS will be sent over the same beam from the gNB then the UE may use the RX beam from the SSB to receive the PRS. In the case where a UE does not take advantage of prior knowledge of the RX beam it may require a large number of PRS repetitions to facilitate the UE RX beam sweeping. 
Observation 1: It may be very costly to send PRS if the UE needs to always perform RX beam sweeping as the number of required PRS repetitions may be high. 
Observation 2: The UE should take advantage of previous RSRP measurements to assist in selecting the best RX beam for PRS reception. 
One issue that arises with this solution of using beam alignment is that the UE may wish to receive the PRS from far away neighbor cells which it has not received the SSB or CSI-RS from previously. In this case the UE would still need to perform RX beam sweeping in order to properly receive the PRS. The UE may not have proper beam alignment for a number of other reasons as well. 
Proposal 2: RAN1 should discuss solutions to the UE RX beam selection for PRS reception. In particular, in the case where beam alignment is not sufficient.
It was agreed to support AoD (Angle of Departure) based DL-only positioning techniques with at least beam sweeping at least at the gNB in FR1 and FR2. To support DL-AoD, a UE could measure RSRP on positioning reference signal transmitted from different beams. Then, the UE reports the RSRP based on a certain criterion, e.g., maximum RSRP(s) among received beams. For this purpose, it is benefical that the UE knows the beam information/configuration of PRS sweeping to facilitate more accurate measurement for each beam (i.e., combined RSPR of the same beam resources). Then, the UE could report (e.g.) beam index together with corresponding RSRP to the gNB and/or to the LMF. Therefore, the beam information of the reference signals should be included in the messages exchanged between UE, gNBs, and LMF at least for supporting DL-AoD positioning.
Proposal 3: NR should support signaling exchange mechanism on beam information between gNB, LMF, and UE.
UL beamforming issues
Also, the SI report [4] has captured on NR specification impact regarding UL SRS beam management for positioning as  
The following aspects for NR UL PRS design are left for further analysis : 
· Use of UL beam sweeping at FR2 
· Beam sweeping includes possibility of quasi-omni transmission
· Use of UL beam alignment at FR2 through DL reception and beam correspondence
[bookmark: _Hlk4669156]The following measurements for NR UL PRS at serving and neighbor gNBs should be supported:
· UL RTOA measurements
· UL Angle Of Arrival (AOA) measurements (including Azimuth and Zenith Angles)
· UL RSRP (reference signal received power) measurements
· gNB RX-TX time difference measurements
[bookmark: _Hlk4752509]Since the WI assumes that SRS is the baseline for UL positioning, it needs to further review SRS beam operation for FR2 in the WI phase. One of the most straightforward solutions for UL RX beam management is to use of UL beam alignment at FR2 through DL reception and beam correspondence. It is true that the DL beam correspondence is the easiest way to obtain beam correspondence for UL, but a UE may not measure the SSB of all the cells that want to try to receive it for UL positioning. Moreover if LMF intends to make specific measurements through a further narrow beam (i.e. for AoA measurement case), DL beam correspondence needs additional CSI-RS resource configurations through RRC signalling. It may also be costly for the UE to measure the SSB for every cell it wants to use for positioning. In this way, if wanting to increase the number of measurement points, the measurement load is caused in the UE side for UL positioning, we think such procedure fails to get the benefit of UL positioning methods, which has no dependency on DL resources for UL measurements.
Observation 3: Although use of UL beam alignment at FR2 through DL reception and beam correspondence is one of the straightforward solutions, a UE may not measure the SSB/CSI-RS of all the cells that want to try to receive it for UL positioning.
Based on this observation, we see need of beam sweeping study. Especially, the SI concludes to support measurements of UL RTOA, AoA, RSRP and RTT, RX beam sweeping (at least at FR2) seems essential to improve accuracy of the measurement matrices or the number of measurements. From the SI conclusion, even with an assumption of quasi-omni transmission of UE TX, gNB RX beam may need to be searched to make more number of neighboring cells involved in UL measurements. If a UE is capable of TX beamform, TX beamform also needs to be searched. One heuristic way is that each UE in a cell is scheduled with SRS transmission in a given time/frequency resources, and let neighboring  gNBs sweep RX beams to make beam correspondence. The SRS may need to be repeated many times by the UE for SRS reception using the best RX beam at each gNB. Therefore, for the neighbouring cells this is not as straightforward. It could be costly in terms of resources to have the SRS repeated enough times for the correct RX beams to be used at each gNB, especially when large numbers of UEs within a cell are using location services, e.g. in the IIoT scenario.
Observation 4: It could also be costly in terms of resources to have the SRS repeated enough times at each UE for the correct RX beams to be used at each gNB.
Proposal 4: Study further on ways to schedule SRS transmission for RX beam sweeping associated with neighboring gNBs.
Multi-cell RTT
The multi-cell round trip time (RTT) has been agreed to be specified as part of Rel-16. In this section we discuss the multi-cell RTT solution. 
Observation 5: At least the following potential issues should be taken into consideration when specifying multi-cell RTT based positioning methods:
· Scalability with dense number of UEs 
· Hearability (in particular at FR2)
· Latency concerns
The UL hearability could be a potential bottleneck to limit the usage of multi-cell RTT based positioning technology. The TOA estimation accuracy of UL signals is a challenge for far neighbour cells due to relative low transmit power at the UE side. Furthermore, for FR2, there exists a large difference between DL and UL link budget (e.g., up to 25dB for 28GHz system). The difference further decreases the hearability for UL signalling compared with the DL signalling. In addition to the link budget difference a UE may also beamform its transmission at FR2. Without proper beam management between the UE and a neighbour cell, the hearability of UL signalling further decreases.
One potential way to overcome the UL hearability problem is to use the serving gNB as a relay for the UE to still estimate the propagation delay between the neighbour gNB and the UE even if the neighbour gNB can’t receive the UE UL signal. Figure 1 shows an example of this solution. 
If the neighbour gNB starts measuring the time from sending the DL PRS to the time it receives the serving gNB RS there are 5 components that make up this total time:
1. Propagation delay from neighbor gNB to UE (desired estimate)
1. UE rx-tx time difference (already measured and reported to LMF) 
1. Propagation delay from UE to serving gNB (already measured and reported to LMF) 
1. gNB rx-tx time difference (already measured and reported to LMF)
1. Propagation delay from serving gNB to neighbor gNB (known based on locations of gNBs)

The propagation delay between the UE and the serving gNB is estimated as part of multi-RTT, e.g., based on serving gNB Rx-Tx timing difference measurement and UE Rx-Tx timing difference measurement. Furthermore, the LOS propagation time between the gNBs is known (based on their positions). Therefore, after receiving a RS from the serving gNB the propagation time between the UE and the neighbour gNB can be estimated as the only component of the total time not known or estimated is the desired estimate. One option for the RS to be used could be the SSB of the serving cell as an example.  
[image: ]
Figure 1. Example of RS transmission scheme for overcoming UL hearability for multi-cell RTT.
In particular at FR2, this can be an effective way to overcome the UL hearability problem. The impact to the specification to realize this is quite minor as well. Only one additional measurement would need to be introduced. 
Proposal 5: Introduce a TOA measurement at the gNB for a reference signal from another gNB. FFS the exact RS to be used.
The received time of arrival (RTOA) measurement has already agreed to be specified as part of normative work. While it is going to be specified at least for SRS it could easily be adapted to include the possibility of measuring RTOA based on a RS from another gNB (e.g. SSB or PRS).
Proposal 6: Include RS from another gNB in the measurement definition of RTOA when specified. This measurement can be configured as part of multi-cell RTT. FFS the exact RS to be included.
Idle and Inactive mode positioning
During the study item it was agreed to further study whether it is beneficial to support and if so, how to support, NR based positioning for UEs in RRC-IDLE and/or RRC-INACTIVE states. At the conclusion of the study item this work was identified for future specification work. With this in mind, we present our views on NR based positioning for UEs in RRC-IDLE and/or RRC-INACTIVE states on the basis of our previous contriubitons [5] and [6].
If a UE not in RRC connected mode wants to perform positioning it may need to first come into connected mode through signalling with its serving gNB. If this is the case it will need to do this prior to making RSTD measurements in the DL-TDOA, for example. This could be very costly from a UE power consumption point of view. It may also cause additional latency as the UE needs to wait to enter RRC connected mode prior to starting the positioning process. Requiring an RRC connection can also cause overhead concerns. 
Observation 6: UE traditionally needs to be in RRC connected mode to make positioning measurements and/or send positioning related signalling. 
Observation 7: Requiring a UE in RRC idle or RRC inactive mode positioning to enter RRC connected state prior to positioning may cause additional latency, increased overhead, and/or high power consumption. 
Proposal 7: NR positioning should support RRC idle and RRC inactive mode positioning without requiring the UE to always move to RRC connected mode. 
The existing positioning technologies require UEs to receive positioning configuration and request from the network while in RRC_CONNECTED mode, which would increase the UE power consumption and latency for UEs in idle and inactive mode to establish RRC connection. For this, the following options can be considered for UEs to obtain positioning configuration for support of idle and inactive mode positioning in NR.
· Option 1: UE stores the positioning configuraiton inforamation when leaving the connected mode
For DL based postioning, the positioning RS to be be measured are often broadcasted periodically. Likely these DL RS (e.g. PRS) will be “always on” in some sense. It is also likely that PRS (or another RS used for DL-TDOA as an example) will be configured once for a long time frame and then repeated with some period. If this configuration does not change much over time perhaps, UEs can take advantage of this fact, for example, UEs can store the configuraiotn of DL RS after leaving the connected mode and perform positioning measurement of RSTD based on the saved configuration of PRS while they keep in idle and inactive mode. Similarly for UL based positioning, the dedicated positioning RS (e.g. SRS or NR PRACH) can be allocated/configured to UE in connected mode. If UEs don’t release the dedicated positioning RS resource after leaving the connected mode in the tracking area, they can transmit the positioning dedicated RS in idle and inactive mode, and then the network could obtain the position of the UEs. The option is beneficial to reduce signalling exchange between UE and network involved in positioning configuration informaiton while UEs stay at the idle and inactive mode.
· Option 2: UEs obtains the positioning configuraiton information while staying at idle and inactive mode
When the network (e.g. LCS server) receives positioning request from LCS client for UEs in idle or inactive mode, it can page the UEs in the tracking area and configure the positioning configuration information in the paging message to the UEs. The positioning configuration information could be the positioning assistance data (e.g. PRS) for DL-based positioning or the dedicated positioning RS resource (e.g. SRS/NR PRACH) for UL-based positioning, and even includes the positioning request or release information. The assistance information may also be sent in the system information block (SIB) and the paging message can indicate to the UE to look for this information in the SIB. One of the benefits for this option is that the network can indicate the latest positioning configuration information to the UEs in the idle and inactive mode, which could solve out of date issue of the positioning configuraiotn in Option 1. In option 1, the dedicated positioning RS (e.g. SRS) for support of UL-based positioning needs to be reserved in both the camping and neighbouring cells of the tracking area. When the number of UEs involved in the idle and inactive mode positioning is large, it’s necessary to reserve a lot of dedicated positioning RS resource to avoid the inter-UE interference collision. For this, the solution will be beneficial to allocate and release the dedicated positioning RS through paging approach.
Proposal 8: It’s beneficial to further study potential positioning configuration solutions for support of idle and inactive mode positioning in NR.
After a UE has measured the RSTD to multiple base stations DL-TDOA positioning requires the UE to make a measurement report and therefore transmit to a gNB (or through the gNB to the LMF). If the UE desires to remain in idle or inactive mode it still needs to be able to make the positioning measurement report to the gNB. In LTE Rel-15 Early Data Transmission (EDT) was introduced for the IoT use case in order to reduce power consumption and latency. In NR, if EDT is again introduced, RAN1 could consider using EDT as a means for idle or inactive mode UEs to make measurements reports for positioning (e.g. DL-TDOA report). 
Proposal 9: EDT and other idle or inactive mode data transmission schemes if supported in NR can be considered as candidates to allow idle and inactive mode UEs to make positioning measurement reports. 
BWP control for PRS reception
In NR system, a UE may be configured with an active DL BWP (for data reception), which is maintained and controlled by its serving gNB. If the UE is requested to provide location information in a DL based positioning method, the UE needs to receive and measure PRS from cells. It may happen that the current active DL BWP (for normal traffic data reception) is different from the BWP desired for PRS reception. In this case, the UE shall switch its RF for PRS reception. However, the PRS configuration (e.g., bandwidth, periodicity) of neighbor cells is unknown at the serving gNB. Without such information, the gNB is not able to assign suitable BWP for the UE to perform PRS reception.
Observation 8: The information of PRS configuration from neighbour cells is transparent at the serving gNB.
Furthermore, not only the PRS configuration, even the positioning activities (e.g.,PRS measurement; measurement report) are transparent to the gNB. It is beneficial that UE could indicate a BWP allocation/RF switching request to the gNB after it is requested to provide location information. Such request can be carried by an RRC signalling. Then, the gNB knows when and where the UE will perform PRS measurement and potentially allocates suitable BWP to the UE.
Proposal 10: Support UE requested RF switching for PRS reception.
Conclusion
Observation 1: It may be very costly to send PRS if the UE needs to always perform RX beam sweeping as the number of required PRS repetitions may be high. 
Observation 2: The UE should take advantage of previous RSRP measurements to assist in selecting the best RX beam for PRS reception. 
Observation 3: Although use of UL beam alignment at FR2 through DL reception and beam correspondence is one of the straightforward solutions, a UE may not measure the SSB/CSI-RS of all the cells that want to try to receive it for UL positioning.
Observation 4: It could also be costly in terms of resources to have the SRS repeated enough times at each UE for the correct RX beams to be used at each gNB.
Observation 5: At least the following potential issues should be taken into consideration when specifying multi-cell RTT based positioning methods:
· Scalability with dense number of UEs 
· Hearability (in particular at FR2)
· Latency concerns
Observation 6: UE traditionally needs to be in RRC connected mode to make positioning measurements and/or send positioning related signalling. 
Observation 7: Requiring a UE in RRC idle or RRC inactive mode positioning to enter RRC connected state prior to positioning may cause additional latency, increased overhead, and/or high power consumption. 
Observation 8: The information of PRS configuration from neighbour cells is transparent at the serving gNB.
Proposal 1: The already standardized beam sweeping process for SSB should be a starting point for discussion of the beam sweeping procedure for PRS.
Proposal 2: RAN1 should discuss solutions to the UE RX beam selection for PRS reception. In particular, in the case where beam alignment is not sufficient.
Proposal 3: NR should support signaling exchange mechanism on beam information between gNB, LMF, and UE.
Proposal 4: Study further on ways to schedule SRS transmission for RX beam sweeping associated with neighboring gNBs.
Proposal 5: Introduce a TOA measurement at the gNB for a reference signal from another gNB. FFS the exact RS to be used.
Proposal 6: Include RS from another gNB in the measurement definition of RTOA when specified. This measurement can be configured as part of multi-cell RTT. FFS the exact RS to be included.
Proposal 7: NR positioning should support RRC idle and RRC inactive mode positioning without requiring the UE to always move to RRC connected mode. 
Proposal 8: It’s beneficial to further study potential positioning configuration solutions for support of idle and inactive mode positioning in NR.
Proposal 9: EDT and other idle or inactive mode data transmission schemes if supported in NR can be considered as candidates to allow idle and inactive mode UEs to make positioning measurement reports. 
Proposal 10: Support UE requested RF switching for PRS reception.
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