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[bookmark: _Hlk85667042]In RAN4#100-e, RAN1 sent LS to RAN2/3/4 [1] regarding the working assumption for gapless PRS measurements, first path PRS RSRP. In this paper we analyse and provide our views on on-demand PRS, first path PRS RSRP, Inactive state positioning, and gap less PRS measurement in this contribution. 
Discussion
On-demand PRS
In last RAN4 meeting, following WF is agreed.
Impact to RRM requirements due to on-demand PRS
Wait for agreements in other WGs
FFS: RRM requirements impact due to on-demand PRS
In RAN1#106-bis-e following are agreed. 
1. The following list of parameters is supported for UE-initiated and LMF initiated on-demand DL PRS request
0. Start/end time of DL PRS transmission
0. DL PRS resource repetition factor
0. Number of DL PRS resource symbols per DL PRS resource 
0. DL-PRS CombSizeN
0. Number of DL PRS frequency layers
0. ON/OFF indicator (for LMF initiated request only)
1. FFS values for requested on-demand DL PRS parameters and whether parameters are resource-specific, TRP-specific, or PFL-specific

In Rel-17, 3GPP is currently discussing the scope of on-demand DL PRS transmission from both UE-initiated and LMF-initiated perspectives. The scope of Rel-17 for the on-demand PRS consists of allowing the current PRS configuration to be modified by the NG-RAN node for energy efficiency and better PRS-based positioning.   
The UE may send, an Enhanced Cell ID (E-CID) information message via LPP to LMF to convey the information about best TRPs seen by UE. Using this information LMF can request gNB the PRS configuration for on-demand PRS configuration. 
In our understanding, difference between on-demand PRS and legacy PRS resource are the on-demand PRS resource are not periodic, and it has a particular set of start and end time. UE need to perform PRS measurement within this PRS transmission window start and end time. If UE misses some of the PRS resource transmission occasions, either PRS measurement may fail or PRS measurement accuracy may be affected due to less number of samples available at UE.
Due to this special set of prioritisation rules may needs to be defined when the on-demand PRS resources are collided or overlapped with other RRM procedures.
Proposal 1: RAN4 to investigate set of prioritisation rules that is needed to be defined when the on-demand PRS resources are collided or overlapped with other RRM procedures. Further RAN4 to discuss different set of prioritisation rules for on-demand PRS and regular PRS (non on-demand PRS) measurements. 

Path DL PRS RSRP 
Other open issue discussed in last meeting was, requirements for first path PRS-RSRP are specified if necessary and it was agreed to wait for RAN1 outcome and requirements for first path PRS-RSRP and their feasibility was FFS. Further following was agreed in RAN1#106-bis-e meeting.
The measured path DL PRS RSRP for ith path delay is defined as the power of the received DL PRS signal configured for the measurement at the ith path delay of the channel response, and
· Path DL PRS RSRP for 1st path delay is the power corresponding to the first detected path 
· FFS: Whether the path RSRP measurement is normalized with PRS RSRP. 
· FFS: Whether the definition of the ith path delay (other than i=1) is required. 
· Note: UE may choose to use a time window to compute path DL PRS RSRP by UE implementation (there is no impact to specifications managed by RAN1 for this)
· [bookmark: _Hlk85663384]Note: This does not imply that the path delay has to be reported in DL-AoD positioning
· Send LS to RAN4 to check the details of the definition and feedback if they identify any update is necessary

From the definition of path DL PRS RSRP, we can observe that UE can detect the ith path and compute the power corresponding to the ith path. From the RAN4 perspective also the definition looks fine and it can be measured. 
From RAN4 perspective we do not see any issue to measure and support the reporting of ith path PRS RSRP.  Other issue which was FFS at RAN1 was Whether the path RSRP measurement is normalized with PRS RSRP. From RAN4 perspective we do not have reporting for the normalised reporting in current specs. For absolute path PRS-RSRP, existing PRS-RSRP table may be re-used. However, for normalised RSRP reporting, we are not sure whether the existing differential PRS-RSRP table can be re-used as the range may be same or different. One more issue is accuracy of a normalised path PRS-RSRP. It may be trade-off between accuracy and signalling load.  If RAN1/RAN2 feels the normalised path RSRP is useful, RAN4 can define the requirements for the same.
Proposal 2: RAN4 to confirm that RAN4 supports computation of ith path RSRP. 
Proposal 3: RAN4 to send LS to RAN1 regarding the RAN4 observations on path DL PRS RSRP.
RRM requirements for path DL PRS RSRP:
Our understanding is path DL PRS RSRP is used for LOS/NLOS estimation in DL-AoD positioning methods. Regarding the requirements perspective since RAN1 is still discussing the reporting quantity (Whether the path RSRP measurement is normalized with PRS RSRP), we could comeback after further RAN1 progress. 
Proposal 4: RAN4 to further discuss the requirements for path DL PRS RSRP, after further RAN1 progress. 
PRS measurement outside MG (Gapless PRS measurements)
Following working assumption is agreed in RAN1#106-e meeting and same is conveyed to RAN4 in LS [1]. 

	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.



Further in the RAN1#106-bis-e, following is agreed.

	Conclusion:
Potential enhancements to latency reduction with respect to MG sharing with other RRM procedures is up to RAN4 to decide.
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.



PRS processing window is introduced by RAN1. Depending on the UE capability, different DL signals/channels are affected within the PRS processing window. To analyse the impact on other RRM requirements due to gapless PRS measurements, we have to know the DL signals/channels affected or prioritised w.r.t to PRS.
From the RAN1 agreement of, DL signals/channels under consideration are FFS in RAN1.
· 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

Proposal 5: RAN4 to wait for further RAN1 decision on the DL signals/channels that are affected by PRS processing in PRS processing window.
Though RAN1 still discussing prioritisation of DL channels/signals w.r.t DL PRS, since there is only one RAN1 meeting left, we feel that RAN4 shall provide feedback proactively on RAN4 impacts by prioritising particular signals over DL PRS so that RAN1 can finish work in faster manner.
DL signals/Channels we should consider are
· Synchronisation signals (SSB)
· CSI-RS
· PDCCH/PDSCH channels
· RLM-RS
· Measurement RS (could be SSB or CSI-RS)

Synchronisation signals (SSB):
In NR timing and synchronisation requirements depends on SSB and if DL PRS is prioritized over SSB it may be affected synchronisation of UE. Hence PRS should not be prioritized over synchronisation signals. is overlapping with SSB occasion.
CSI-RS:
In NR, CSI-RS is used for many purposes such as beam management, measurements, and tracking (TRS). Since these are mainly useful for mobility, beam management and fine time tracking, we feel these too should not be low prioritised over PRS.
PDCCH/PDSCH channels:   
In NR, based on the application running, sometimes data may be critical or non-critical. Since this depends on the QoS and QoE of the application, PDSCH may be de-prioritised sometimes compared to DL-PRS. However, same cannot be said with PDCCH as it may be carrying some important information. Hence PDCCH cannot be de-prioritised compared PRS. 
RLM-RS: 
Radio link monitoring is an important function UE performs to keep connected to the serving cell and make necessary actions when the radio link is failed. Hence RLM-RS cannot be deprioritised w.r.t DL PRS.
Measurement RS (e.g., SSB or CSI-RS):
In NR, UE performs many types of measurements such as L3 measurements and L1 measurement for mobility and beam management purposes. If these measurements are not done in timely manner it may result in handover failure and beam failure. Hence measurement RS should not be de-prioritised w.r.t PRS.
Radio Link recovery RS:
Radio link recovery RS are configured to perform Beam failure detection and link recovery procedures such as New beam detection. If these procedures are not performed in proper time, it can result in link failure. Hence, link recovery RS should not be de-prioritised over PRS. 
Based on the above analysis, we feel only PDSCH can be de-prioritised w.r.t PRS. 
Proposal 6: RAN4 to inform RAN1 about RAN4 analysis on the channels to prioritise or not prioritise w.r.t PRS. That means RAN4 to inform RAN1 that as per RAN4 understanding only PDSCH can be prioritised w.r.t PRS.

Summary and Conclusion
In this contribution we have analysed on-demand PRS, path DL PRS RSRP,  and gap less PRS measurement and made following proposals. 
Proposal 1: RAN4 to investigate set of prioritisation rules that is needed to be defined when the on-demand PRS resources are collided or overlapped with other RRM procedures. Further RAN4 to discuss different set of prioritisation rules for on-demand PRS and regular PRS (non on-demand PRS) measurements. 
Proposal 2: RAN4 to confirm that RAN4 supports computation of ith path RSRP. 
Proposal 3: RAN4 to send LS to RAN1 regarding the RAN4 observations on path DL PRS RSRP.
Proposal 4: RAN4 to further discuss the requirements for path DL PRS RSRP, after further RAN1 progress. 
Proposal 5: RAN4 to wait for further RAN1 decision on the DL signals/channels that are affected by PRS processing in PRS processing window.
Proposal 6: RAN4 to inform RAN1 about RAN4 analysis on the channels to prioritise or not prioritise w.r.t PRS. That means RAN4 to inform RAN1 that as per RAN4 understanding only PDSCH can be prioritised w.r.t PRS.
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1. Overall Description: 
RAN4 thanks RAN1 for the LS. RAN4 has discussed the definition of the path DL PRS RSRP measurement and RAN4 would like to provide following feedback. 

RAN4 feedback to RAN1: 
From RAN4 perspective we do not see any issue to measure and support the reporting of ith path PRS RSRP. Other issue which was FFS at RAN1 was whether the path RSRP measurement is normalized with PRS RSRP. From RAN4 perspective we do not have normalised reporting in the current specs. However, for normalised RSRP reporting, we are not sure whether the existing differential PRS-RSRP table can be re-used as the range may be same or different. One more issue is accuracy of a normalised path PRS-RSRP. It may be trade-off between accuracy and signalling load. For absolute path DL PRS-RSRP, existing PRS-RSRP table may be re-used. If RAN1/RAN2 feels the normalised path DL PRS RSRP is useful, RAN4 can define the requirements for the same.

2. Actions:
To RAN WG3 group.
ACTION: 	RAN4 kindly requests RAN1 to take the above information into consideration in the further specification work.

3. References:

4. Date of Next TSG-RAN WG4 Meetings:
[1] TSG RAN WG4 Meeting #101-bis-e		17 January 2021 – 25 January 2021					E-Meeting
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