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1 [bookmark: _Ref408846065]Introduction
In RAN1#96b, it has been agreed that physical layer procedures to support UE/gNB measurements for NR positioning may include:
	Agreement:
1.	UE procedures for receiving DL PRS, including
a.	DL PRS timing aspects
b.	Bandwidth part operation
c.	Beam management aspects
d.	Measurement/reporting related aspects
2.	UE procedures for transmitting UL PRS, including
a.	Transmission timing and timing adjustments
b.	Power control
c.	Beam management aspects
3.	gNB procedures to support NR positioning measurements, including
a.	DL PRS configuration aspects
b.	UL PRS configuration aspects
c.   Beam management aspects
d.	Measurement/reporting related aspects



In this contribution, we discuss from the perspective of RAN1 the procedure for beam management aspects related to DL-PRS (1.a), UL-PRS (1.c) and the gNB procedures to support NR positioning measurements (3c).
For the UL-PRS, the physical layer procedure for efficient resource allocation of UL reference signals is considered, especially, when applying UL-TDOA to support positioning of multiple UEs.
2 [bookmark: _Toc528341257]UL Procedure: Power Control
	Agreement:
For positioning purposes, with regards to the UL SRS transmission power, at least the following options have been identified:
· Option 1: The UL SRS Tx power is constant (i.e., no power control is supported). 
· FFS: The value of the constant Tx power and how it is determined
· Option 2: The UL SRS Tx power is based on the existing power control procedure.
· Option 3: The UL SRS Tx power is determined by modifying the existing power control procedure, for example:
· Support configuring a DL reference signal of a neighboring cell to be used for SRS path loss estimation. 
· FFS: Which reference signals can be used (e.g. a CSI-RS, or a SSB, or DL PRS).
· FFS: which power control modes are supported (e.g., open loop only, or open loop and closed loop).



A constant value of transmit power shall be used for positioning SRS case. With the Rel. 15 mechanism for power control on SRS symbols, the user close to its serving gNB will be down powered and its signal depending on ISD may not be heard at the gNB which is furthest away. On the other hand, using a fixed power control leads to higher dynamics at the gNB receiver frontend, leading to issues such as clipping of the signal or high quantization noise on the signal from user far away (potentially served by a different gNB).  The power control mechanism should balance the signal strength at other gNBs and the effective dynamic range the gNB should support. If fixed transmit power is considered, the maximum value of transmit power should be carefully chosen to avoid saturation at the receiver.
Observation 1: Power control needs to balance the requirements of hearability at multiple gNBs with potential saturation at own serving gNB. 
Proposal 1: Power control or a fixed transmit power will be specified by the serving gNB, in a way that large signal effects such as IP3 (due to non-linearity) and ADC dynamic range (clipping and quantization noise) are taken into account. Power control method should be FFS.
3 UL Procedure: Timing
	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 existing mechanism of keeping the TA based on serving cell is necessary to avoid misalignment and severe interference at the serving cell. 
Assuming that the serving gNB has the smallest TA, setting the TA based on neighboring gNB makes it easier for cyclic prefix to be violated and causes the SRS signal to bleed into the preceding symbol in its serving gNB. This creates worst interference scenario for the serving gNB due to misalignment, especially when fixed transmit power is used for the positioning use case of SRS. 
Observation 2: TA not based on serving gNB causes degradation on the network. 
Proposal 2: TA based on serving gNB (i.e. the standard TA mechanism) shall be retained also for the positioning use case. 
4 UL Procedure: Group Management as a gNB Procedure for UL Positioning
The received signal at the location measurement unit (LMU) may 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. By assigning different UEs to different ZC sequences, which in effect multiplexes the UE along the code domain, the number of UEs sharing one slot can be further increased. The major problem that arises while multiplexing the users in the code domain is the ‘near-far problem’. When the signal level differences from different UEs exceed the processing gain of the code, the signals cannot be separated sufficiently.
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). 
Introducing the group management, [1] mitigates this problem. The group management concept is based on:  
· Selecting the time/frequency resource depending on the location of the UE. UEs in the same area may share the same time/frequency resources and are separated in the code-domain only. UEs using the same time/frequency resources belong to the same user group (UG). 
· Different user groups are separated in the time/frequency domain using different RE assignment.
· Complementary to separation in time/frequency and managing allocation of ZC sequences, an “activity pattern” is assigned to each UE. A UE will not transmit in very slot configured for positioning use. 
The group management minimizes the probability of critical interference scenarios, where the signal differences between two UEs separated in the code domain exceed the processing gain of the code. Furthermore the group management may also be useful for overlapping or adjacent localization areas managed by different entities. 

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).

[image: ]
[bookmark: _Ref4434485]Figure 1: Illustration of user 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 3: 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 3: Take user grouping into account to solve the near far problem.
Implementing the group management requires the RAN to provide the configuration as follows: 
1) Identify the users whose SIR remain within a range where the users can be separated in the code domain.
2) Allocate same time and frequency resources for these users.
3) Provide different value of  to each of the UE in the group through RRC signaling.
Observation 4: User grouping is a topic that needs coordination at higher layers.
Proposal 4:  Discuss within RAN1 whether LS can be sent to RAN2/3 requesting group management for interference coordination among UEs separated along the code domain.



5 NR beam management to support multiple-gNBs for positioning
[bookmark: _Ref7806859]DL-PRS beam management procedure
The steps below (see also our previous tdoc [2]) suggest how the scheme for beam management procedure for DL-PRS over the serving gNB (s-gNB) and the neighboring gNBs (n-gNBs) can be organized to enable downlink positioning measurements:

A. Signaling of SS block resource settings of neighboring cells

The s-gNB configures the UE with one or multiple SS block resource settings via higher layer signaling (RRC) containing a configuration of a number of SS block sets associated with neighboring gNBs (n-gNBs). Each configuration contains information on the time and frequency behavior of the SS block resource associated with the n-gNB. Note that SSB (or others) may then share the spatial Rx configuration of later DL-PRS reception according to QCL Type D [3].

Proposal 5: Support the DL PRS configuration to be QCLed Type D with a DL Reference Signal from the serving cell (SSB or CSI-RS) or neighboring cells (SSB).
By configuring the UE with the SS block resource settings of the n-gNBs, the UE does not need to detect blindly the SSB resources of the n-gNBs. Therefore, the configured a-priori knowledge on the SSB resources of the n-gNBs reduces the overall SS block detection complexity at the UE, increases the detection probability and decreases the false alarm probability.

Observation 5: By configuring the UE with resource settings of the n-gNBs, the UE can exactly target signal resources for blindly detecting the SS blocks of the n-gNBs.
After the beam measurements, the UE provides a single or multiple beam report(s) to a central instance for overall coordination of multi-site beam management for positioning, e.g. the s-gNB or the LMF. It is left FFS in RAN1 as well as RAN2/3 to decide on details of this central instance.



B. UE procedure for receiving, measuring and reporting on DL PRS signals
The central instance collects the information reported from UE SSB beam report. The information on the reported SSB beams is processed and DL-PRS resource configurations setting including beam definition for the s-gNB and the n-gNBs are derived. Each DL-PRS resource setting is then used at the s-gNB and the n-gNBs to generate a set of DL-PRS beams with spatial parameters according to best SSB beams.

Proposal 6: Select/establish an entity as a central instance that evaluates the UE SSB beam reports. The central instance finally decides on coordinated beams used for DL-PRS transmission from the various gNBs.
Observation 6: Necessary amendments to protocols may need to be studied in RAN2.



The UE is then configured with the DL-PRS resource set configurations including higher layer DL-PRS reporting settings. Thus, the UE is provided with instructions on when to perform beam measurements and measurements on time-of-arrival (TOA) (to be further used for RSTD, or within RTT schemes) of the configured DL-PRS resources and how to report these parameters.

Proposal 7: Provide the UE with instructions on how and when to report measurements of DL-PRS from the s- and n-gNBs.

The beam report contains at least a gNB identifier (PCI), a beam-identifier (DL-PRS resource indicator comparable to CRI) and a measure of the signal quality corresponding to the received DL beam associated with a configured SS block resource or DL-PRS resource at the UE (RSRP). Furthermore, the configured reporting quantity contains the parameters related to positioning-based measurements such as TOA (RSTD) as well as RSRP and/or SINR. The exact reporting setting to be configured may depend on the applied positioning method (like OTDOA or RTT). The UE may also report the set of TOA values relative to the first or strongest TOA value. The list of PRS quantities the UE reports can be similar to the ReportQuantity as a part of ReportConfig [3].

Proposal 8: The beam specific positioning measurement report contains positioning measurements (e.g. TOA) and at least PCI, a DL-PRS resource indicator comparable to CRI and a measure of the signal quality corresponding to the DL beam resource at the UE (RSRP).
Observation 7: The proposed procedure for multi-site beam management for positioning suggests to transmit DL-PRS re-using spatial parameters of the respective best SSB beams of surrounding gNBs. This approach is simple and fast.

Note: It can be considered to further extended to multiple DL-PRS narrow beam transmissions within the wide width on one SSB beam.

UL-PRS Beam management procedure
Positioning using uplink signals (UL-PRS) requires that the beam directions at multiple gNBs are aligned to receive beamformed UL-PRS transmission, similar to the case of receiving DL-PRS signals. 
The acquisition of the s-gNB link can be regarded as solved based on standard procedures, and the acquisition initialization procedure for the n-gNBs is the same as for the downlink as described above in section 5.1.
In the absence of beam correspondence, each SRS resource to be transmitted by the UE may be configured with the higher-layer parameter SRS-spatialRelationInfo [3](subclause 6.2.1) or [4](definition of SRS-Config). It instructs the UE to reuse the same spatial Rx filter used for the reception of a specific DL beam as the specified downlink reference symbol:
· if set to ‘SS/PBCH’ the UE shall use the same TX beam for the SRS as it has used for receiving the SSB/PBCH at hand (indexed by the SSB ID at the respective n-gNB) and
· if set to ‘SS/PBCH’ the beam over which the CSI-RS has been receiver shall be used for transmitting the SRS (indexed by CRI on the n-gNB side).
A coordinating instance has to make sure that gNB Rx beams are configured accordingly during UL-PRS (SRS) transmission.
Proposal 9: Support configuration of a spatial relation between a reference DL RS (SSB, CSI-RS) from serving or neighbouring cells and the target SRS used as UL-PRS.

6 Conclusions
Observation 1: Power control needs to balance the requirements of hearability at multiple gNBs with potential saturation at own serving gNB. 
Observation 2: TA not based on serving gNB causes degradation on the network. 
Observation 3: 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.
Observation 4: User grouping is a topic that needs coordination at higher layers.
Observation 5: By configuring the UE with resource settings of the n-gNBs, the UE can exactly target signal resources for blindly detecting the SS blocks of the n-gNBs.
Observation 6: Necessary amendments to protocols may need to be studied in RAN2.
Observation 7: The proposed procedure for multi-site beam management for positioning suggests to transmit DL-PRS re-using spatial parameters of the respective best SSB beams of surrounding gNBs. This approach is simple and fast.

Proposal 1: Power control or a fixed transmit power will be specified by the serving gNB, in a way that large signal effects such as IP3 (due to non-linearity) and ADC dynamic range (clipping and quantization noise) are taken into account. Power control method should be FFS.
Proposal 2: TA based on serving gNB (i.e. the standard TA mechanism) shall be retained also for the positioning use case. 
Proposal 3: Take user grouping into account to solve the near far problem.
Proposal 4:  Discuss within RAN1 whether LS can be sent to RAN2/3 requesting group management for interference coordination among UEs separated along the code domain.
Proposal 5: Support the DL PRS configuration to be QCLed Type D with a DL Reference Signal from the serving cell (SSB or CSI-RS) or neighboring cells (SSB).
Proposal 6: Select/establish an entity as a central instance that evaluates the UE SSB beam reports. The central instance finally decides on coordinated beams used for DL-PRS transmission from the various gNBs.
Proposal 7: Provide the UE with instructions on how and when to report measurements of DL-PRS from the s- and n-gNBs.
Proposal 8: The beam specific positioning measurement report contains positioning measurements (e.g. TOA) and at least PCI, a DL-PRS resource indicator comparable to CRI and a measure of the signal quality corresponding to the DL beam resource at the UE (RSRP).
Proposal 9: Support configuration of a spatial relation between a reference DL RS (SSB, CSI-RS) from serving or neighbouring cells and the target SRS used as UL-PRS.
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