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Introduction
[bookmark: _Hlk510705081]Work on the current study item on positioning support in NR [1] continued at RAN1#1901-AH and identified solutions to support in NR. The focus of the work has been on RAT-dependent solutions. DL, UL, and DL+UL based solutions were listed and agreed to be supported for RAT-dependent positioning solutions in NR. This contribution focuses on the DL+UL based solutions. See our companion contributions [2] and [3] for Nokia’s view on the DL and UL based solutions respectively. At RAN1#1901-AH the following agreements were made with regard to DL+UL solutions on NR positioning studies taken from [4]:
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
Discussion
Multi-RTT
Our pervious contirubtion [5] discussed our views on Multi-cell RTT positioning and we continue that discussion here. Multi-RTT methods should be used when there are stringent positioning accuracy and imperfect network synchronization.  
One drawback to a practical implementation of RTT based methods is the additional resources that it requires as you need an UL RS and a DL RS to make the timing estimation on. One possible way to think about multi-cell RTT is to implement both OTDOA and UTDOA. This would require a lot of network resources for one UE to position itself. If there are a small number of UEs that wish to position then lots of network resources need to be used for the DL portion (i.e., PRS transmission). If there are a large number of UEs then a large amount of UL signals would need to be received at multiple base stations (e.g., SRS). 
The decision to use multi-RTT method can be made at the location management function (LMF) where it may know the required accuracy for a specific UE/ use case or be loosely aware of the synchronization level in the network. However, if the UE is acting as the trigger for the positioning solution this could be quite costly from the network standpoint and may be unnecessary in some cases. 
Observation 1: UE triggering of multi-RTT (e.g. UE as LCS client) could cause high overhead of network resources if PRS on-demand is allowed. 
Determining how to solve this issue may be outside the scope of RAN1 however. 
Proposal 1: Ask RAN2/3 to take resource overhead into consideration when designing the signalling details of Multi-RTT. RAN1 should also consider if PRS on-demand is supported for multi-RTT if it is introduced for NR. 
Observation 2: At least the following potential issues should be taken into consideration when specifying 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. The propagation time 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. 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 2: Introduce a TOA measurement at the gNB for a reference signal from another gNB. FFS the exact RS to be used.
Idle and Inactive mode positioning
At RAN1#1901-AH it was agreed to further study if NR based positioning for UEs in RRC idle and/or inactive mode was beneficial to support. If a UE not in RRC connected mode want to perform multi-RTT 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 downlink and sending an uplink reference signal for the gNBs/LMUs to measure RTOA on. This could be very costly from a UE power consumption point of view. 
Observation 3: UEs in RRC idle or RRC inactive mode may experience high power consumption during multi-RTT positioning if required to first move to RRC connected prior to measurement. 
Proposal 3: NR positioning should support RRC idle and RRC inactive mode positioning without requiring all UEs to move to RRC connected mode. 
Conclusion
Observation 1: UE triggering of multi-RTT (e.g. UE as LCS client) could cause high overhead of network resources if PRS on-demand is allowed. 
Proposal 1: Ask RAN2/3 to take resource overhead into consideration when designing the signalling details of Multi-RTT. RAN1 should also consider if PRS on-demand is supported for multi-RTT if it is introduced for NR. 
Observation 2: At least the following potential issues should be taken into consideration when specifying RTT based positioning methods:
· Scalability with dense number of UEs 
· Hearability (in particular at FR2)
· Latency concerns
Proposal 2: Introduce a TOA measurement at the gNB for a reference signal from another gNB. FFS the exact RS to be used.
Observation 3: UEs in RRC idle or RRC inactive mode may experience high power consumption during multi-RTT positioning if required to first move to RRC connected prior to measurement. 
Proposal 3: NR positioning should support RRC idle and RRC inactive mode positioning without requiring all UEs to move to RRC connected mode. 
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