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Introduction
[bookmark: _Hlk510705081]In Rel-16 native NR positioning support was standardized. At RAN#90 a new WI was approved on enhancements in Rel-17 to positioning [1]. This contribution discusses our views on the enhancements related to on-demand PRS. Our companion contributions discuss our others views [2-6]. The objective from the WID is to    
· Specify the enhancements of signalling, and procedures for improving positioning latency of the Rel-16 NR positioning methods, for DL and DL+UL positioning methods, including:
· [bookmark: _Hlk67643864]Latency reduction related to the request and response of location measurements or location estimate and positioning assistance data; [RAN2, RAN3, RAN1]
· Latency reduction related to the time needed to perform UE measurements; [RAN1, RAN4]
· Latency reduction related to the measurement gap; [RAN1, RAN4, RAN2]
During the SI the below agreement was reached on the definition of the PHY latency.
Agreement:
Physical Layer Latency Start and End times are defined as follows:
	Method
	Start
	End

	UE assisted DL-only & DL-ECID & Multi-RTT
	Transmission of the PDSCH from the gNB carrying the LPP Request Location Information message
	Successful decoding of the PUSCH carrying the LPP Provide Location Information message 

	UL-only method & UL ECID & Multi-RTT
	Reception by the gNB of the NRPPa measurement request message
	The transmission by the gNB of the NRPPa measurement response message

	UE-based
	Transmission of the PDSCH from the gNB carrying the LPP Request Location Information if applicable, otherwise,
· Alt. 1: transmission of the PUSCH carrying the MG Request from the UE.
· Alt. 2: Transmission of the PDSCH from the gNB carrying the LPP message containing the assistance data
· Alt. 3: Start of the Reception of DL PRS
Note: Suggest to downselect this at the next meeting.
Note: The high layers latency components may be subject to adjustment for different alternatives.
	Successful decoding of the PUSCH at gNB carrying the LPP Provide Location Information message if applicable, otherwise Calculation of Location Estimate at the UE
 



· The enhancements of signaling & procedures for reducing NR positioning latency are recommended for normative work, including DL and DL+UL positioning methods  
· The details of the solutions are left for further discussion in normative work, which may include the following aspects:
· Latency reduction related to the measurement gap
· Latency reduction related to the reporting and request of the measurements (e.g., via RRC signaling, MAC-CE and/or physical layer procedure, and/or priority rules)
· Latency reduction related to measurement time
· The following enhancements of signaling & procedures for reducing NR positioning latency can be studied and specified, if needed
· Latency reduction related to the request and response of positioning assistance data (e.g., via RRC signaling, MAC-CE and/or physical layer procedure)
· Latency reduction related to the reception of DL PRS (e.g., priority rules for the reception of DL PRS)
· No assumptions are made on whether the LCS architecture specified in TS 23.273 is enhanced or not.

Discussion  
Enhancements on reporting positioning measurements
In Rel-16 NR positioning, the report event for positioning measurement from a UE to LMF is transparent to the serving base station. The nature of transparency may result in additional latency, especially in the procedure of positioning measurement report. Taking downlink time difference of arrival (DL-TDOA) technology as an example, the latency of positioning measurement reporting in lower layer is illustrated in Figure 1.


Figure 1: RSTD report latency
As shown in Figure 1, from the RSTD generation to RSTD report tranmsission, there may be following delay components:
· SR delay: preparing SR and waiting for SR occasion
· UL grant delay: SR decoding and preparing UL grant
· Scheduling delay: decoding UL grant and prepare MAC and PHY packet for RSTD report
To minimize the RSTD report delay, it is beneficial that the serving gNB can know when the UE will transmit positioning measurement report even before the RSTD report data being generated. 
Observation 1: For latency reduction, it is beneficial that the serving gNB can know when the UE will report positioning measurements.
To achieve this, the UE could request UL resource for positioning measurement report via RRC signaling, especially for periodic positioning report. More specifically, after receiving LPP Request Location Information from LMF, the UE prepares a measurement report assisted information. This information contains at least when the positioning measurement report to be transmitted. Then, the serving gNB is able to assign appropriate UL grant (including both dynamic grant and configured grant) to the UE based on received report assisted information via RRC. 
Proposal 1: UE could request the expected measurement report resource from the serving gNB via RRC signaling to minimize the positioning measurement report delay.
Measurement gap enhancements
At RAN1#106-b the following agreements related to measurement gaps were reached: 
Agreement:
Support using UL MAC CE for MG activation request by UE (Option 2) for the purpose of positioning.
Agreement:
Support the following option (from the agreement made in RAN1#106-e) for a new MG activation procedure to be performed by the gNB for the purpose of positioning.
· Option 2: DL MAC CE
· FFS: Deactivation process
Agreement:
With regards to MG activation by DL MAC CE, further study
· DL MAC CE payload
· The necessity of pre-configuration of MGs in higher layers.
In order to make progress on the MAC CE related topics for MG enhancmeents for positioning, RAN1 should first confirm that pre-configured MG is supported or not. 
Proposal 2: RAN1 to discuss if pre-configured MG is supported or not. 
If pre-cofigured MG is supported then the UL MAC CE message may simply be an ID sent to the gNB to indicate which of the pre-configured MG the UE would like to have activated. 
Observation 1: The UL MAC CE MG activation request may just be an ID of pre-configured MG. 
We would also like to highlight that RAN4 is working on general MG enhancements in Rel-17 and this work may have some overlap. 
Observation 2: RAN4 work on general MG enhancements may need to be considered. 
Measurement gap-less PRS reception
At RAN1#106 the following working assumption was reached: 
Working assumption:
Subject to UE capability, support PRS measurement outside the MG, within a PRS processing window, and UE measurement inside the active DL BWP with PRS having the same numerology as the active DL BWP.
· Inside the PRS processing window, subject to the UE determining that DL PRS to be higher priority, support the following UE capabilities: 
· Capability 1: PRS prioritization over all other DL signals/channels in all symbols inside the window. 
· Cap. 1A: The DL signals/channels from all DL CCs (per UE) are affected.
· Cap. 1B: Only the DL signals/channels from a certain band/CC are affected.
· FFS: band or CC
· Capability 2: PRS prioritization over other DL signals/channels only in the PRS symbols inside the window
· A UE shall be able to declare a PRS processing capability outside MG.
· FFS: Details of capability signalling (e.g., per UE or per band, etc.)
· For the purpose of this feature, PRS-related conditions are expected to be specified, with the following to be down-selected:
· Alt. 1: Applicable to serving cell PRS only 
· Alt. 2: Applicable to all PRS under conditions to PRS of non-serving cell.
· Note: When the UE determines higher priority for other DL signals/channels over the PRS measurement/processing, the UE is not expected to measure/process DL PRS which is applicable to all of the above capability options.  
· Further study
· Further details of which other DL signals/channels to be prioritized 
· How the UE determines DL PRS’s priority based on one or more of the following:
· Opt. 1: Based on indication/configuration from serving gNB
· Opt. 2: Other options (e.g., implicit, signalling from LMF, etc)
· Whether UE can do the measurement for both inside MG (if MG is configured) and outside MG in a measurement period
· How to do the PRS measurement when the conditions cannot be satisfied, e.g. when BWP switching happens
· Prioritization conditions of processing PRS over other DL channels/signals or vice versa.
· Send an LS to RAN2, RAN3 and RAN4 informing them of this working assumption and requesting feedback in case they have concerns.
MG-less has clear benefit in our view and the WA should be confirmed by RAN1. Now that MG-less reception of PRS has been agreed as a working assumption there should be some RAN1 discussion on PRS priority and UE behaviour when MG-less leads to PRS dropping. In particular if the UE is attempting to receive the PRS in MG-less mode but is dropping the PRS multiple times (due to other DL signals and channels) then there should be some fallback mechanism in place to ensure the latency does not explode. One way to ensure this is to define a way for the UE to switch from MG-less to MG-based. For example, if a UE drops X PRS occasions in a row then it should request a MG or switch to MG-based mode. 
Observation 3: RAN1 should specify DL PRS priority rules over other DL signals/channels when a UE is measuring the PRS outside a MG. 
Proposal 3: Confirm the prior working assumption on MG-less PRS reception. 
Proposal 4: Specify a fallback method for the UE to switch from MG-less to MG-based if the UE drops enough PRS. 
A UE should be able to still make use of a MG if it is configured while at the same time potentially measuring the PRS without a MG for some occasions or TRPs. For example, the UE may measure certain PRS from some TRPs without a MG and then still measure the other TRPs’ PRS using a MG. This could even improve the latency. Any requirement changes are subject to RAN4 discussion. 
Proposal 5: A UE should be able to measure the PRS both outside and inside of a MG where applicable. Note: Any changes to RAN4 requirements can be discussed directly by RAN4. 
At RAN1#106-b the following agreements were reached for MG-less reception. 

Agreement:
For PRS measurement outside MG, support the following Alt. 2 in the working assumption made in RAN1#106-e with the following update of the PRS cell condition.
· Alt. 2: Applicable to all PRS (serving and/or non-serving cell) under conditions to PRS of non-serving cell.
· The conditions at least include that the Rx timing difference between PRS from the non-serving cell and that from the serving cell is within a threshold
· The UE is not expected to determine whether the above condition is satisfied by performing measurements and instead can be determined using assistance data
· FFS: Rx timing difference between PRS from the non-serving cell and that from the serving cell is determined by the expected RSTD and expected RSTD uncertainty.
· Further discuss the necessity on the following additional conditions
· When the PRS is higher priority than other channels/signals, for capability 1A and 1B, the PRS from the non-serving cell have to be inside the PRS prioritization window.
· When the PRS is higher priority than other channels/signals, for capability 2, the PRS from the non-serving cell have to be in the same symbols as the PRS of the serving cell since the serving cell does not know the symbol position of neighbour cell PRS.
Agreement:
· With regards to UE determining the PRS priority with other DL signal/channels within the PRS processing window for PRS measurement outside MG, support the priority indicated by gNB.
· FFS: What are the other DL signals/channels
· With regards to the PRS processing window for PRS measurement outside MG, at least support the window indicated by gNB.
On the DL PRS priority indication we feel that the gNB should be able to support two types of indication: 1) PRS is lowest priority and 2) PRS is highest priority. Note that the UE assumes that the PRS is not mapped to any symbol containing SS/PBCH from the same cell. This assumption should not change.
Proposal 6: The gNB can indicate the PRS is either lowest priority or high priority. Namely the priority order in decreasing order is SSB, other system information, high priority PRS, all other DL signals/channels, low priority PRS.  
From our side the further conditions the first additional condition based on the capability 1A and 1B seems somehow obvious. The PRS should be in the priorization window regardless if it is from the serving or non-serving cell.
Proposal 7: The PRS from non-serving cells must be within the PRS prioritization window for the UE to measure it outside a MG. 
The 2nd additional condition on capability 2 does not seem needed. It is of course true that the serving gNB does not know where the PRS from non-serving cells lives but we should not restrict that the gNB has to set the PRS prioritization window to only be where the serving gNB sends PRS. It seems reasonable to us that a gNB could give the UE a larger window to prioritize the PRS. 
Observation 4: The PRS prioritization window does not need to only contain symbols which have the serving gNB PRS inside them. 
SRS priority 
In SI phase, RAN1 discussed the need of new priority rules of handling the possible collision of the transmission of SRS for positioning with other UL signals/channels in the same OFDM symbol(s) in the same UL carrier, but without concrete conclusion. The understanding seemed to be that this topic could be directly discussed in the WI.
Proposal 8: RAN1 should study and work on new priority rules of transmitting SRS for positioning with other UL signals/channels, in order to reduce positioning latency for UL and DL+UL positioning methods.
Conclusion
We made the following observations and proposals in this paper: 
Proposal 1: UE could request the expected measurement report resource from the serving gNB via RRC signaling to minimize the positioning measurement report delay.
Proposal 2: RAN1 to discuss if pre-configured MG is supported or not. 
Observation 1: The UL MAC CE MG activation request may just be an ID of pre-configured MG. 
Observation 2: RAN4 work on general MG enhancements may need to be considered. 
Observation 3: RAN1 should specify DL PRS priority rules over other DL signals/channels when a UE is measuring the PRS outside a MG. 
Proposal 3: Confirm the prior working assumption on MG-less PRS reception. 
Proposal 4: Specify a fallback method for the UE to switch from MG-less to MG-based if the UE drops enough PRS. 
Proposal 5: A UE should be able to measure the PRS both outside and inside of a MG where applicable. Note: Any changes to RAN4 requirements can be discussed directly by RAN4. 
Proposal 6: The gNB can indicate the PRS is either lowest priority or high priority. Namely the priority order in decreasing order is SSB, other system information, high priority PRS, all other DL signals/channels, low priority PRS.  
Proposal 7: The PRS from non-serving cells must be within the PRS prioritization window for the UE to measure it outside a MG. 
Observation 4: The PRS prioritization window does not need to only contain symbols which have the serving gNB PRS inside them. 
Proposal 8: RAN1 should study and work on new priority rules of transmitting SRS for positioning with other UL signals/channels, in order to reduce positioning latency for UL and DL+UL positioning methods.
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