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Introduction
In the RAN1#95 meeting, there are the following agreements on DL PRS [1]:
	Agreement:
NR DL PRS design for FR1 and FR2 supports:
· Configurable NR DL PRS signal bandwidth
· FFS granularity of configuration, relationship with BWPs, whether the configuration is cell and/or UE specific
· Configurable NR DL PRS signal numerology (SCS)
· FFS configurability of CP for NR DL PRS
· Configurable NR DL PRS frequency and time allocation
· Use of DL beam sweeping / alignment
· i.e. beam alignment of gNB DL PRS transmission and UE reception of DL PRS
· Localized in time NR DL PRS transmissions with periodic and/or on-demand resource allocation
· FFS signaling details



In this contribution, we discuss beam management for downlink positioning from RAN2 perspective.
Discussion
PRS is omnidirectional transmitted in LTE but the transmission of reference signal in NR could be spatially filtered. In the last RAN1 meeting, it was agreed to use DL beam sweeping / alignment to transmit PRS signal. For DL beam sweeping based PRS transmission, from UE's perspective, it is essentially similar to the omnidirectional PRS transmission in LTE. The only problem may be the reduction of PRS density received by UE due to some PRS occasions have to be used to other beams/directions, which may have an impact on positioning performance. But this can be mitigated by some other means, e.g., by increasing PRS bandwidth, or using PRS resource set where each PRS resource has its own spatial filtering. So, no additional procedure is needed to support beam sweeping based PRS transmission.
Proposal 1: No additional procedure in LPP is needed to support beam sweeping based PRS transmission.
0. DL beam management procedure
For DL beam alignment based PRS transmission, a pair of gNB transmitting beam and UE receiving beam is maintained and PRS could only be transmitted on given Tx beams and UE receives PRS on corresponding Rx beams, which is helpful to improve PRS occasion utilization efficiency comparing with the beam sweeping scheme. DL beam alignment include Tx beam alignment and Rx beam alignment.
To achieve Tx beam alignment, gNBs performing downlink positioning should firstly collect UE’s beam information to know which beams of them UE can receive. For example, a few neighbor gNBs perform downlink positioning of one UE. UE could know indexes of the SSB/CSI-RS it receiving from each gNB, respectively, by neighbor cell measurement. If neighbor gNBs obtain this information by some means, they could then transmit PRS on corresponding SSB beam. In this way, the orientated PRS transmission could be achieved. However, this mechanism is not included in current downlink positioning procedure. Therefore, a beam information collection procedure should be added into downlink positioning procedure to support beam alignment based PRS transmission. 
Proposal 2: Beam information collection procedure should be added into downlink positioning procedure to support beam alignment based PRS transmission.
In order to support downlink beam management, new procedure needs to be introduced for NRPPa to collect and indicate the beam information for PRS. 


1. If there is a change in the beam pair maintenance for DL PRS beam management, neighboring gNB initiates Beam Information Update procedure to the LMF to indicate the change in the DL PRS
2. Upon reception of Beam Information Update message, LMF initiates Beam Information Indication procedure to the serving gNB to indicate the DL PRS beam to the serving gNB. 
Proposal 3: Introduce Beam Information Update procedure and Beam Information Indication procedure in the NRPPa protocol 
Beam management configuration and indication
To achieve Rx beam alignment, the Rel-15 QCL (quasi co-location) indication could be considered and reused. For example, UE may be configured for PRS with a QCL source RS, whose Rx beam information is already known by the UE, so UE does not have to perform Rx beam training to receive PRS, and the oriented PRS reception could be achieved.
Proposal 4:  QCL relationship should be configured between source RS and PRS.
Conclusion
In this contribution, we discussed beam management for downlink positioning from RAN2 perspective, and we get the following observation and proposals:
Proposal 1: No additional procedure in LPP is needed to support beam sweeping based PRS transmission.
Proposal 2: Beam information collection procedure should be added into downlink positioning procedure to support beam alignment based PRS transmission.
Proposal 3: Introduce Beam Information Update procedure and Beam Information Indication procedure in the NRPPa protocol 
Proposal 4: QCL relationship should be configured between source RS and PRS.
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X.Y.Z	Beam information collection Procedure
The purpose of this procedure is to enable the gNBs to collect beam information from the UE via LMF, to support beam alignment based PRS transmission.
Figure X.Y.Z-1 shows the beam information collection operations for the OTDOA positioning method.


Figure X.Y.Z-1 beam information collection procedure
1. The LMF sends an LPP beam information request message to UE. This request includes serving and neighbour gNB identities and downlink reference signal type indicator.
2. The UE measures the reference signal of serving and neighbour gNBs indicated in beam information request message and obtain the beam information of each gNB.
3. The UE send an LPP beam information report message to LMF. This report includes the beam information of each gNB obtained in step 2. 
[bookmark: _Toc535100458][bookmark: _Toc535100459]8.x Beam management Procedures
8.x.1 General
The purpose of this procedure is to support for the beam management of DL PRS for DL-TDOA, DL-AOD and UL PRS for UL-TDOA and UL-AOA, respectively. The procedure is based on NRPPa between the gNBs and LMF via any AMF that has both connection to gNBs and LMF. 
8.x.2 Beam information transfer procedure


1. If there is a change in the beam pair maintenance for DL PRS beam management, neighboring gNB initiates Beam Information Update procedure to the LMF to indicate the change in the DL PRS
2. Upon reception of Beam Information Update message, LMF initiates Beam Information Indication procedure to the serving gNB to indicate the DL PRS beam to the serving gNB. 
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2. NRPPa Message: Beam Information Indication


1. NRPPa Message: Beam Information Update
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