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Introduction
The Rel-18 WID [1] investigates positioning accuracy enhancement with advanced techniques of  proposed the Redcap positioning. RAN4 has been assigned the following objectives.   FR1 FR2 check
	· Specify support of positioning for UEs with Reduced Capabilities (RedCap UEs)
· Specify support of Frequency Hopping (FH) beyond maximum RedCap UE bandwidth for reception of DL PRS and transmission of UL SRS for positioning [RAN1, RAN2].
· NOTE: The complexity of the corresponding capabilities for RedCap UEs should be addressed for the introduction of appropriate capabilities for RedCap UEs.
· Specify RRM requirements for positioning including RRM measurements and procedures for RedCap UEs for both with and without frequency hopping [RAN4].



In the last meeting, we mainly discussed the PRS measurement requirements without frequency hopping. However, based on RAN1 progress, we shall consider the with frequency hopping in this meeting.
Discussion
2.1  PRS measurement with frequency hopping
Firstly we shall clarify the scenario for the frequency. The bandwidth of the positioning reference signal is larger than the UE channel bandwidth, and it is not possible to effectively transmit traffic at this time. If frequency hopping is used, the existing problem can be solved. For example, currently for redcap UEs, the effective bandwidth in FR1 is 20 MHz, so using frequency hopping increases the bandwidth from 20 MHz to 80 MHz. Equivalent to transmitting a PRS with a bandwidth of 80 MHz.For both uplink and downlink frequency hopping supported by the UE, the UE needs to report the maximum number of frequency hopping supported. For each frequency hopping, the maximum PRS bandwidth supported depends on the current UE's capabilities. Currently, the bandwidth is 20 MHz in FR1 and 100 MHz in FR2. If in FR1, the maximum bandwidth of the PRS is 20 MHz, and the UE reports a maximum of 4 frequency hops. After cascading, the total bandwidth that can be achieved is 80 MHz. During this process, the UE reports its capabilities, and the network side evaluates and configures the UE, depending on the network configuration, as below:


Figure 1 frequency hopping
The following specific analysis of the configuration of RS frequency hopping mainly discusses two effective situations, as follows:
(1) Frequency hopping within one resource
[image: hopping 1]
Figure 2 frequency hopping within one resource
Divide a resource into several parts in frequency domain, each corresponding to a hop, receive these hops in different symbols, and finally combine them and the three hopping parts refer to different symbols of one RS resource.
(2) Frequency hopping within one resource set
[image: hopping 2]
Figure 3 frequency hopping within one resource set
A resource set contains different resources, such as resource 1, resource 2, and resource 3.... However, the frequency range of these different resources is inconsistent. Therefore, using similar methods, different resources correspond to different hops, and ultimately different resources are combined as a whole.
Based on the above scenarios, it is likely to clarify the scenario of the DL-PRS measurement frequency hopping. This scenario is mainly based on the RAN4 legacy issue. In R16/R17 positioning, when a measurement gap measures DL-PRS, only PRS measurements are performed. PRS is sent periodically, and measurements are performed in a measurement gap. UE can measure DL-PRS resources inside or outside (different numerology) active DL BWP. In such case, it is straightforward to support UE to measure and process DL-PRS resource of multiple frequency hops during a configured measurement gap. During this repetition process, a portion of  PRS is selected as below (which can be 20 MHz, as previously mentioned, the redcap UE is 20 MHz in FR1).  24 25pattern check
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   Figure 4  DL-PRS frequency hopping inside the MG
For DL-PRS frequency hopping transmission, we prefer the legacy mechanism without frequency hopping transmission. The transmitted DL-PRS is feasible for both RedCap UE and eMBB UE, and RedCap UEs receive the corresponding DL-PRS in a frequency hopping manner, as shown in Figure 5. If so, the impact of specifications will be relatively small. In addition, even if DL-PRS frequency hopping is configured to the UE for equivalent large bandwidth PRS transmission/reception/measurement, sometimes the UE does not have to combine measurements from multiple frequency hopping. For example, in a case where PRS is configured for broadcasting all UEs in a serving cell, but the location accuracy requirements of UEs are not high. In this case, the UE should also report the hop index used for the location measurement results.
[image: ]
Figure 5  DL-PRS frequency hopping reception
We can understand the specific procedure for DL-PRS frequency hopping based on the figure 4 and figure 5.
Switching Time between two frequency hops
We have discussed the basic frequency hopping and the procedure of the frequency hopping for DL-PRS especially the frequency hopping reception. However, among the different frequency hops, the switching time delay between the two hops shall be considered and there is a progress in RAN1 as below:
RAN1 #112 meeting
	Agreement
For Positioning enhancements for redcap UEs for UL SRS Tx and DL PRS Rx frequency hopping, from the RAN1 perspective, short switching time to allow RF retuning between adjacent hops may be beneficial in terms of accuracy and latency performance.
· Send an LS to RAN4 requesting feedback on the feasible values for the switching time between hops, at least when numerology and bandwidth for each hops can be the same, and the Tx/Rx antennas used in all hops can be the same.


We shall know that the larger the switching gap, the lower the positioning accuracy, the figure 6 illustrates the specific switching time:
[image: ]
Figure 6  frequency hopping with switching time
Observation 1: The larger the switching gap, the lower the positioning accuracy.
The simulation results for FR1 in InF-SH scenario for evaluating the switching gap impact of frequency hopping are shown in the following Figure 7 and Table 1:
[image: ]
Figure 7 Simulation results for hopping with switching gap for RedCap UE (5 hops, FR 1, InF-SH scenario)

Table 1 Simulation results for hopping with switching gap in FR 1, InF-SH scenario
	Cases
	
	50%
	67%
	80%
	90%
	Requirements met? (Yes/No)

	Case 47, InF-SH FR1, 5x20 MHz, gap 0ms
	Convex UEs
	0.25
	0.34
	0.48
	0.62
	Yes

	Case 48, InF-SH FR1, 5x20 MHz, gap 0.1ms
	Convex UEs
	0.24
	0.33
	0.45
	0.62
	Yes

	Case 49, InF-SH FR1, 5x20 MHz, gap 0.2ms
	Convex UEs
	0.25
	0.37
	0.48
	0.61
	Yes

	Case 50, InF-SH FR1, 5x20 MHz, gap 0.5ms
	Convex UEs
	0.27
	0.37
	0.57
	0.75
	Yes

	Case 51, InF-SH FR1, 5x20 MHz, gap 1ms
	Convex UEs
	0.35
	0.48
	0.63
	0.77
	Yes

	Case 52, InF-SH FR1, 5x20 MHz, gap 2ms
	Convex UEs
	0.60
	0.71
	0.86
	1.02
	No

	Case 53, InF-SH FR1, 5x20 MHz, gap 5ms
	Convex UEs
	1.36
	1.58
	1.78
	2.18
	No


As the illustrations shown,  when the switching time is lager than 1ms, the requirements won’t be met, therefore, when RAN4 define the switching time should follow this result. 
In current specs, BWP switching can be achieved via three ways, including DCI-based, Timer-based and RRC-based. For DCI and Timer-based BWP switching mechanisms, BWP switch delay requirements as specified in 3GPP TS 38.133. For RRC-based BWP switching, the switching delay is 6ms.


Table 2   BWP switching delay(DCI_based and Timer_based)
	[image: ]
	NR Slot length (ms)
	BWP switch delay TBWPswitchDelay (slots)

	
	
	Type 1Note 1
	Type 2Note 1

	0
	1
	1 
	3

	1
	0.5
	2 
	5

	2
	0.25
	3
	9

	3
	0.125
	6
	18

	Note 1:	Depends on UE capability.
Note 2:	If the BWP switch involves changing of SCS, the BWP switch delay is determined by the larger one between the SCS before BWP switch and the SCS after BWP switch.


However, frequency hopping may require a shorter gap than BWP switching time (including DCI-based and time-based). In the current spec such as TS 38.133, we have the existed RF retuning time (RRT) which is shorter than the BWP switching time and when defining the switching time between the two frequency hops, we can follow the existed switching time values as below:
	When measurement gaps are needed, the UE is not expected to detect SSB and measure RSSI of RSRQ which start earlier than the gap starting time + switching time, nor detect SSB and measure RSSI of RSRQ which end later than the gap end – switching time. Switching time is 0.5ms for frequency range FR1 and 0.25ms for frequency range FR2.


The values of RRT is microseconds level and shorter than the BWP switching time (RRC_based BWP switching time is 6ms) which satisfy the frequency hopping switching time.
Observation 2: The values of RF retuning time (RRT) is microseconds level and shorter than the BWP switching time (RRC_based BWP switching time is 6ms) which satisfy the frequency hopping switching time.
Proposal 1: Reuse the current switching time RRT for frequency hopping in redcap positioning.
Proposal 2: When defining the new switching time requirements for frequency hopping in redcap positioning, the current switching time RRT can be as baseline or a starting point. 
Conclusion
The following observations and proposals are made:
Observations:
Observation 1: The larger the switching gap, the lower the positioning accuracy.
Observation 2: The values of RF retuning time (RRT) is microseconds level and shorter than the BWP switching time (RRC_based BWP switching time is 6ms) which satisfy the frequency hopping switching time.
Proposals:
Proposal 1: Reuse the current switching time RRT for frequency hopping in redcap positioning.
Proposal 2: When defining the new switching time requirements for frequency hopping in redcap positioning, the current switching time RRT can be as baseline or a starting point. 
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