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[bookmark: _Ref513464071]Introduction
In RAN1#106e, 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.
Support for fast measurement gap configuration and measurement gap less measurements
During RAN1#106e, both fast measurement gap (MG) and MG-less measurements were discussed. The working assumption was made to support a prioritization window. These two mechanisms offer two different purposes : MG-less supports coexistence between data traffic and PRS reception via prioritization while fast MG configurations offers dedicated positioning processing via MG. Deployment of the two functionalise may depend on use case and UE capabilities and support for both functionalise are needed to reduce latency in positioning in a variety of use cases. Thus, the following proposal is made : 
Proposal 1: Support both measurement gap-less measurement of PRS via a prioritization windowing and fast MG configuration
Fast measurement gap configuration
 In NR positioning, the UE needs a measurement gap (MG) to process PRS measurements. In the NR study, request from the UE and configuration of measurement gap via RRC was identified as the bottleneck for positioning [2]. Thus, to reduce latency in positioning, the following agreement was made related to fast measurement gap configurations in RAN1#106e.
	Agreement:
For the purpose of positioning latency reduction, with potential support of a new mechanism of MG request, consider the following options with a decision to be made in RAN1#106b.
· Option. 1: by LMF (via a NRPPa message)
· Option. 2: by UE (via UCI or UL MAC CE)


The agreement above consider two options. The LMF makes a request for MG to gNB via NRPPa message. Latency reduction via NRPPa messaging is not clear since NRPPa exchange requires order of tens of milliseconds which is equivalent to latency required for RRC messaging according to the study on higher layer latency evaluation[2].
On the other hand, the UE can make a request to the gNB for the MG using UCI or MAC-CE under Option 2. Due to more robustness offered by MAC-CE, the following proposal is made.
Proposal 2: For latency reduction, the UE can make a request for a measurement gap to the gNB via UL MAC-CE
	Agreement:
For the purpose of positioning latency reduction, with potential support a new MG activation and deactivation procedure, consider the following options with a decision to be made in RAN1#106b (and RAN4 to be informed about any decision made)
· Option. 1: DCI
· Option. 2: DL MAC CE
· Option. 3: UE autonomously applies the MG
FFS whether deactivation can be implicit via configurable number of the MG occasions


During the discussion, activation and deactivation procedure of the MG was discussed. Similar to the UE request, the activation or deactivation of the measurement gap can be done effectively and securely via MAC-CE. The mechanism for Option 3 is not clear since configuration of the MG requires approval from the gNB. Autonomous configuration of the MG may lead to unnecessary drop of reception of high priority channels or missed opportunity for high priority uplink transmission.
Proposal 3: Activation or deactivation of a measurement gap can be done via DL MAC CE.
Priority windowing
Background
During RAN1#106e, the following working assumption was made to allow MG-less measurement of PRS.
	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.


Priority level indication and effect of PRS occupancy on data throughput, latency and resource utilization
Explicit indication of priority level
Prioritization mechanisms need to be discussed with respect to periodization windowing.  The UE needs to receive information related to priority level of PRS such that the UE can decide whether to prioritize reception of PRS or other channels. 
One of the proposals described in the summary may be implicit [3]. In such a scenario, the UE is not aware of the prioritization, but the UE is expected to receive all PRS when configured. Prior to such operation, handshaking between the LMF and gNB is required. Moreover, the gNB may refuse such request from the LMF. Thus, in such a transparent operation, the UE may not know when to receive PRS. Specification of prioritization between PRS and other channels and notification of prioritization level of PRS to the UE lead to a straightforward operation.
Proposal 4: Support explicit indication of prioritization level of PRS
Effect of PRS density on system throughput, latency and resource utilization rate
Moreover, configurable prioritization of PRS leads to improvement in data throughput by prioritizing data/control channel over data. In the following, evaluation results demonstrating the effect of PRS occupancy on user throughput are shown. 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.
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[bookmark: _Ref84004042]Figure 1 Average throughput performance with different densities of PRS and utilization rate
In Figure 1, UPT (User Packet Throughput) performance for different PRS utilization rate is shown. In the figure “baseline” indicates the throughput performance when there is no PRS scheduled along with data. It is clear that 90%-tile, 50%-tile and average throughput decreases as PRS density increases or PRS dropping rate decreases. As the percentage of utilization of PRS increases (i.e., less frequent dropping of PRS), the overall throughput performance decreases as well.
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[bookmark: _Ref84010105]Figure 2 Average packet latency analysis with different densities of PRS and utilization rate
In Figure 2, 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 dense PRS configuration affects the latency significantly while sparse density configuration has relatively smaller influence on the packet arrival latency. At 30% utilization rate with sparse PRS density, the average packet latency is very close to the baseline performance. This may be due to the default low density of PRS.
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[bookmark: _Ref84011122]Figure 3 Resource utilization rate with different densities of PRS and utilization rate
In Figure 3, the effect of PRS densities on packet utilization rate is illustrated. It is noticeable that dense PRS density increases resource utilization rates significantly while sparse PRS density slightly increases the utilization rate.  
Observation 1: System throughput, packet latency and resource utilization rate can be improved by regulating dropping rate of PRS
Prioritization level configuration
For multi-RTT, prioritization level for PRS and SRSp should be the same since dropping SRSp during determination of UE Rx-Tx measurements after receiving PRS leads to inconsistent operation.
Proposal 5: For multi-RTT, the same level of priority should be assigned to both PRS and SRSp
Regarding whether the prioritization window should be supported for the PRS transmitted from the serving cell or non-serving cells. Restricting prioritization operation to the serving cell only severely limits the operation of positioning, From the neighbouring gNB perspective, prioritization of PRS should not impact their operation since SSB is already prioritized over the PRS in the current specification. Thus, the following proposal is made
Proposal 6: Support assignment of the same prioritization level to PRS transmitted from the neighbouring cells
Conclusion.
In this contribution, the following observation and proposals are made.
Observation 1: System throughput, packet latency and resource utilization rate can be improved by regulating dropping rate of PRS
Proposal 1: Support both measurement gap-less measurement of PRS via a prioritization windowing and fast MG configuration
Proposal 2: For latency reduction, the UE can make a request for a measurement gap to the gNB via UL MAC-CE
Proposal 3: Activation or deactivation of a measurement gap can be done via DL MAC CE.
Proposal 4: Support explicit indication of prioritization level of PRS
Proposal 5: For multi-RTT, the same level of priority should be assigned to both PRS and SRSp
Proposal 6: Support assignment of the same prioritization level to PRS transmitted from the neighbouring cells
Reference
[1] RAN1 Chairman’s notes, RAN1#106e, Aug. 2021.
[2] 3GPP, “Study on NR Positioning Enhancements, ” TR 38.857, v.1.1.0, March 2021.
[3] R1-2108583, “FL summary #4 of 8.5.4 latency improvements for DL and DL+UL methods, ” Huawei, RAN1#106e, Aug. 2021.
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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