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In RAN#83, the following RAN1 objectives were agreed in [1] to the support of NR RAT-dependent positioning:
	1. Specify NR DL and UL reference signals to facilitate support of NR positioning techniques (DL-TDOA, DL-AoD, UL-TDOA, UL-AoA, multi-cell RTT and E-CID) [RAN1]
0. Support E-CID downlink measurements based on at least RRM measurements defined in NR Rel. 15
0. Identify whether and which Rel-15 NR reference signals can be used for different NR positioning techniques
0. Define new DL positioning reference signals applicable at least for DL-TDOA, DL-AoD, RTT
0. Define UL SRS with possible enhancements for positioning which is applicable at least for RTT, UL-TDOA, UL-AoA
1. Define UE measurements based on DL reference signals applicable for NR positioning. The following UE measurements are specified for serving, reference, and neighboring cells [RAN1]
1. DL RSTD (reference signal time difference) measurements for NR positioning
1. DL RSRP (reference signal received power) measurements for NR positioning
1. UE RX-TX time difference measurements for NR positioning
1. Define gNB measurements based on UL reference signals applicable for NR positioning. The following gNB measurements are specified [RAN1]:
2. UL RTOA (relative time of arrival) measurements for NR positioning
2. UL Angle of Arrival (AoA) measurements (including Azimuth and Zenith Angles) for NR positioning
2. UL RSRP (reference signal received power) measurements for NR positioning
2. gNB RX-TX time difference measurements for NR positioning
1. If necessary, define physical-layer procedures to support UE/gNB measurements for NR positioning [RAN1]



In this contribution, we discuss the physical layer procedure for efficient resource allocation of UL reference signals especially when applying UL-TDOA to support positioning multiple UEs. Additionally we propose to support procedures enabling beam management for multi-site UL and DL positioning measurements.

Multi user operation in UTDOA
The received signal at the location measurement unit (LMU) can vary significantly when the UEs from geographically diverse areas transmit at the same time. The signal of the users can be separated from one another by achieving the orthogonality between users in time, frequency and code domain. 
Orthogonal codes, such as the Zadoff-Chu (ZC) sequences, have a processing gain which is a function of the sequence length. Provided that the users within a geographically diverse area are separated within the code domain, the near-far problem becomes the main limiting factor and the separation offered by code alone may not be sufficient to identify a user from another. 
An efficient strategy would be to group together users that are roughly in the same area into a group and separating the users within the group by code domain. Two users that are not part of the same group need instead to be separated either along the time dimension or along the frequency dimension.  The users may be assigned to groups based on information derived from beam reporting (e.g. SSB) or coarse a-priori knowledge of the position of the UE (e.g. position estimate derived from single point locating by the s-gNB using eCID, AoA or AoD information or using mobility information). 


[image: ]
[bookmark: _Ref4434485]Figure 1: Illustration of user grouping.

This concept is illustrated in Figure 1, where the users in UE group 2 are located close to one another. The UEs within this group would transmit on the same time and frequency resources, but would be separated from one another through the use of different orthogonal codes. By contrast, the UEs within the green circle (‘other UG’) would transmit on a different set of time and frequency resources compared to that of UE group 2. Nevertheless, within the green group the UEs would transmit on the same time/frequency resources and the UEs use different orthogonal codes to separate one another. 
To illustrate the benefits of user grouping, we simulate the scenarios depicted in Figure 2-a ( grouping)  and Figure 2-b ( no grouping).
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[bookmark: _Ref4433200][bookmark: _Ref4433189]Figure 2: Formation of user groups: (a) based on their proximity to one another, (b) without user group management
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[bookmark: _Ref4433638]Figure 3: Comparison of SIR in scenario with group management (group 1- 3) vs without group management (group 4 – 5) in Uma LOS scenario [3].   
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[bookmark: _Ref4433641]Figure 4: Comparison of SIR in scenario with group management (group 1- 3) vs without group management (group 4 – 5) in Uma NLOS scenario [3].  

The results in Figure 3 and Figure 4 both show that the range and the variance of SIR at the LMU is lower if user group management is carried out (group 1, 2 and 3) as opposed to the case where the users within the geometrically diverse areas are multiplexed together in code domain. By performing group management, relatively shorter sequences can be used to separate users signal from one another compared to the scenario where no group management is done. 

Observation 1: Grouping users together that have common characteristics reduces the SIR distribution, thereby allowing users to be separated with shorter sequences compared to the case without user grouping. 

Proposal 1: Support user group management to enable multiple UEs and resolve the near far problem.

Proposal 2: RAN1 should study and specify schemes for UL resource allocation over time frequency and code to support multiple UEs in a positioning network:
· Evaluate SRS enhancements for multi UEs positioning scenarios
· Specify network coordination mechanisms for UL positioning [RAN1, RAN3].



[bookmark: _Toc528341257]NR beam management to support multi-gNB-measurements for positioning

Positioning relies on coordinated and locally distributed RS transmissions and their measurements. In the positioning SI, different approaches to handle beam management especially for the DL and UL multi-gNB measurements have been proposed, however it was left for the WI phase to define the approach. At least for FR2, most of the assumptions in TR38.855 used evaluation assumptions on Tx-Rx beam alignment for the obtained results. 
To support beam management two options are available:
· Option 1: Extend 3GPP Release-15 beam reporting scheme in UL and DL cases to support multi-gNB reporting [4].
· Option 2: Define a new beam sweeping/alignment mechanism which is only applicable for NR-PRS mechanisms to be defined.

Proposal 3: Support at least beam management by extending Release-15 beam reporting scheme.

[bookmark: _GoBack]Conclusions
In this contribution, we discussed the physical layer procedure for efficient resource allocation of UL reference signals. Following observations and proposals were made:

Observation 1: Grouping users together that have common characteristics reduces the SIR distribution, thereby allowing users to be separated with shorter sequences compared to the case without user grouping. 

Proposal 1: Support user group management to enable multiple UEs and resolve the near far problem.

Proposal 2: RAN1 should study and specify schemes for UL resource allocation over time frequency and code to support multiple UEs in a positioning network:
· Evaluate SRS enhancements for multi UEs positioning scenarios
· Specify network coordination mechanisms for UL positioning [RAN1, RAN3].

On beam management for multi-site UL and DL positioning measurements, we propose the following:

Proposal 3: Support at least beam management by extending Release-15 beam reporting scheme.
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