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In RAN1#106bis-e, the agreements regarding latency reduction techniques for positioning were made[1]. In this contribution, we discuss several design aspects related to priority window and fast measurement gap configuration.
Fast activation/deactivation of measurement gap
In RAN1#106bis-e, the following agreements were made.
	Agreement:
Support the following options (in the agreement made in RAN1#106-e) for a new mechanism of MG activation request for the purpose of positioning.
· Option 2: by UE (via UCI or UL MAC CE)
· Select only one of UCI and UL MAC CE in RAN1#106bis-e
· Option 1: by LMF (via an NRPPa message)
· Note: This is transparent to the UE

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 RAN1#106bis-e, both LMF-initiated and UE-initiated request for measurement gap (MG) were agreed. When LMF-initiated request is made, there is a need for the UE to know whether the LMF has made a request for the MG such that the UE does not need to make a duplicate request for the MG, i.e., gNB shall not receive requests from both UE and LMF for a measurement gap. To prevent duplicate request, the following proposal is made :
Proposal 1: If LMF makes a request for a measurement gap, to avoid the duplicate request from the UE, the LMF indicates to UE that MG config is not needed.
The UE should be provided with a list of pre-configured measurement gaps. For fast measurement gap activation, periodicities or duration of measurement gap may be limited since the network may use short-duration PRS to make measurements. Thus, the following proposal is made : 
Proposal 2: If pre-configured measurement gaps are available at the UE, the UE sends a MG request via MAC-CE. Otherwise the UE sends the MG request via RRC.
One of the FFS points is deactivation process. Since the UE may be configured with a burst of PRS to measure, the UE may determine when to finish measurements depending on measurement conditions (e.g. whether the measurements made are sufficient for meeting accuracy). Thus, the network may deactivate the measurement gap based on the request from the UE, similar to the request for activation. Thus, the following proposals are made.
Proposal 3: Support using UL MAC CE for MG deactivation request by UE for the purpose of positioning.
Proposal 4: Support using DL MAC CE for MG deactivation by gNB for the purpose of positioning.
Prioritization window
The following agreements and working assumptions were made in RAN1#106e and RAN1#106bis-e.
	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.

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.



LMF indicates the priority level to gNBs. Subsequently, gNBs decide on priority level and the serving gNB inform the UE the priority level concerning the serving cell. One of the difficulties for inter-gNB transmission of PRS is that PRS from non-serving cells cannot be cancelled.
One way to “cancel” PRS from non-serving cells is to mute the PRS. However, if muting is to be used for low priority PRS from non-serving cells, negotiation between LMF and non-serving gNB need to happen.
Moreover, it is not guaranteed that priority levels of PRS from serving and non-serving gNBs can be aligned. For example, the serving gNB may determine to set the PRS level at “high” while non-serving gNB may determine to set the PRS level to be “low”, causing the mismatch between priority levels between the gNBs. 
Observation 1: There may be difference between PRS priority levels between serving and non-serving cells
Thus, as proposed earlier, it is safe for the positioning operation to configure prioritization window only if the priority level of PRS is high regardless of priority levels of PRS from non-serving cells. The UE may or may not receive PRS from non-serving gNBs depending on their decisions on priority level. Thus, the following proposal is made to guarantee that the UE can receive PRS when prioritization level is high. 
Proposal 5: The prioritization window is configured only when the priority level of PRS from the serving cell is high
Proposal 6: When the priority level of PRS is high, the UE should not expect to receive other channels/signals, except SSB, during the prioritization window for Capability 1 and over PRS symbols for Capability 2.
Evaluation results
Effect of PRS density on system throughput and latency 
It should be noted that with the proposals made in the previous section, likelihood of configuration of the prioritization window may be low, since PRS may not be assigned at high priority level frequently. In the following, evaluation results demonstrating the effect of PRS density on user throughput are shown. Two channel models are considered in evaluation, namely probabilistic channel model where LOS or NLOS channel is determined based on probability and NLOS channel model. In the evaluation, the following sparse and dense PRS distributions are assumed.
Dense PRS parameters
· 4 repetitions
· 12 PRS symbols/slot
· Periodicity of PRS transmission: 10 slots
Sparse PRS parameters
· 4 repetitions
· 6 PRS symbols/slot
· Periodicity of PRS transmission: 20 slots
In the evaluation, different utilization rates (dropping rates) of PRS, namely 70%, 50% and 30% are assumed. Different utilization rates are incorporated in the evaluation to simulate dropped PRS and how dropping rate of PRS affects the data throughput. System level parameters are shown in Table 1 and Table 2 in Appendix of this contribution. 
In Figure 1 and Figure 2, throughput performance for dense and sparse PRS is shown. From the figures, it is clear that the throughput performance degrades rapidly in the presence of NLOS channel. It is also noticeable that when PRS density is high, throughput performance degradation between probabilistic and NLOS channels is small.
In Figure 3 and Figure 4, the effect of PRS densities on average packet latency is analyzed. The packet latency is defined by the difference in time between time a packet arrives at the buffer of the gNB and time the UE receives the packet. It should be noted that under sparsely distributed PRS, utilization rate has a little effect on packet latency. On the other hand, latency increase as packet utilization increase for dense PRS. For both dense and sparse PRS, increase in latency is noticeable due to the NLOS characteristic of the channel. This is because many packets experience delivery failures in the presence of NLOS channel, creating many retransmissions which causes latency.
As explained previously, according to our proposal, since prioritization window can only be configured when prioritization level is high, evaluation results corresponding to sparse PRS density may be applicable here.
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[bookmark: _Ref87039330]Figure 1 Throughput performance comparison for dense PRS in NLOS and probabilistic channel model
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[bookmark: _Ref87039332]Figure 2 Throughput performance comparison for sparse PRS in NLOS and probabilistic channel model
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[bookmark: _Ref87040336]Figure 3 Latency performance comparison for dense PRS in NLOS and probabilistic channel model
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[bookmark: _Ref87040337]Figure 4 Latency performance comparison for sparse PRS in NLOS and probabilistic channel model
Conclusion.
In this contribution, the following observation and proposals are made.
Observation 1: There may be difference between PRS priority levels between serving and non-serving cells
Proposal 1: If LMF makes a request for a measurement gap, to avoid the duplicate request from the UE, the LMF indicates to UE that MG config is not needed.
Proposal 2: If pre-configured measurement gaps are available at the UE, the UE sends a MG request via MAC-CE. Otherwise the UE sends the MG request via RRC.
Proposal 3: Support using UL MAC CE for MG deactivation request by UE for the purpose of positioning.
Proposal 4: Support using DL MAC CE for MG deactivation by gNB for the purpose of positioning.
Proposal 5: The prioritization window is configured only when the priority level of PRS from the serving cell is high
Proposal 6: When the priority level of PRS is high, the UE should not expect to receive other channels/signals, except SSB, during the prioritization window for Capability 1 and over PRS symbols for Capability 2.
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Appendix
Table 1: System level simulation assumptions
	Parameters
	Value

	Layout
	Dense Urban - Single layer (macro)

	Inter-BS distance
	200 m

	Carrier frequency
	4 GHz

	System bandwidth =
	100 MHz

	Channel model
	3D Uma

	Bs Tx power
	44 dBm

	Subcarrier spacing
	30 kHz

	Antenna configuration
	4 x 4
32 antenna elements at the gNB
4 antenna elements at the UE

	User distribution
	10 UE per cell



Table 2: Traffic parameters
	

	FTP traffic

	Model
	FTP model 3

	Packet size
	0.5 Mbytes

	Mean inter-arrival time
	200 ms
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