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Introduction
In this contribution, we present our view on the LS question from RAN1 for RedCap positioning[1].  
Discussion
[bookmark: _Ref115159812]In LS[1], the question below is asked from RAN1:
· RAN1 kindly asks RAN4 for feedback on the feasible values for the switching time between hops, at least when numerology and bandwidth for each hop can be the same, and the Tx/Rx antennas used in all hops can be the same.
According to RAN1 agreement, the short RF retuning time between adjacent hops is preferred for both UL SRS TX and DL PRS Rx hopping. 
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.
There is no quantitative magnitude in RAN 1 agreement on the total duration of the frequency hopping. Though not mentioned by LS, such aggregation assumes the channel does not change within the whole duration of frequency hopping. As the channel status depends on the coherence time of the channel and such time relates to the doppler spread of UE caused by mobility, it can be easily understood that if RF tuning time would be long, the total number of frequency hops will be reduced to accommodate the coherence time of the channel and thus the accuracy of positioning will be affected. 
[bookmark: _Ref132040594]The total hopping time is bounded by coherence time of the channel and shorter RF tuning time benefit the positioning accuracy by increased aggregated frequency range, hence increased # of hop. 


Figure 1: UL SRS frequency hopping with partial overlap
To start with the RF tuning discussion, the previous RAN4 agreement relating to this topic would be helpful. In [2], the conclusion for the transition time from RF perspective is between 50 to 200 us for intra-band operation if the center frequency is different before and after the bandwidth adaptation. 
· How fast is the UE RF bandwidth adaptation?
· Transition time (RF aspects)
· For intra-band operation, at least for sub6, the transition time can be up to 20 µs if the center frequency is the same before and after the bandwidth adaptation, regardless other conditions listed in the LS
· For intra-band operation, at least for sub6, the transition time is 50~200 µs if the center frequency is different before and after the bandwidth adaptation, regardless other conditions listed in the LS
· For inter-band operation, at least for sub6, the transition time can be up to 900 µs, regardless the conditions listed in the LS. RAN1 should note that this time does not include AGC settling time which is covered in baseband aspects.
In 38.306, there is also a UE capability for the Tx switching time :
posSRS-RRC-Inactive-OutsideInitialUL-BWP-r17
Indicates support of Positioning SRS transmission in RRC_INACTIVE state configured outside initial UL BWP. The capability signalling comprises the following parameters:
· switchingTimeSRS-TX-OtherTX-r17 indicates the switching time between SRS TX and other TX in initial UL BWP or RX in initial DL BWP
	And in 38.331:
PosSRS-RRC-Inactive-OutsideInitialUL-BWP-r17::= SEQUENCE {
    -- R1 27-15b: Positioning SRS transmission in RRC_INACTIVE state configured outside initial UL BWP
    differentCenterFreqBetweenSRSposAndInitialBWP-r17  ENUMERATED {supported}                                     OPTIONAL,
    switchingTimeSRS-TX-OtherTX-r17                 ENUMERATED {us100, us140, us200, us300, us500}                OPTIONAL,
    -- R1 27-15c: Support of positioning SRS transmission in RRC_INACTIVE state outside initial BWP with semi-persistent SRS

With the above RAN4 agreements and existing specification for the UE capability, these values set a upper limit of the feasible time when UE retuning from one frequency to another within the serving cell. 
[bookmark: _Ref132040601]The upper limit of the RF tuning time is set either by RAN4 LS[2] with 200us in Rel-15 or 500us when capability of the switchingTimeSRS-TX-OtherTX-r17 is present.             
According to the RAN1 LS, RAN1 agrees there are some assumptions for the frequency hopping:
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.
The assumptions above for the frequency hopping is different with what the RAN4 agreement [2] and the capability of the switchingTimeSRS-TX-OtherTX-r17. The detail is discussed below.
The factors to consider on the RF retuning is listed in Table 1 below and possible factors to impact the settling time is compared between different cases. In Table 2, the estimated time for different factors is listed.

	Table 1:Framework for settling times of various RF operations [3]
	Factor
	Comments
	UL SRS hoping
	DL PRS hopping
	Intra-band /inter-band operation, RF retuning [2]
	UE capability: 
switchingTimeSRS-TX-OtherTX-r17                 

	RF power on delay
	This factor is applicable for starting an RF chain that is not already operational., such as an interband carrier aggregation scenario as shown in figure 2. Physically this corresponds to the delay in ensuring that the RF circuitry is fully powered up including eg charging power supply decoupling capacitors,
	NO
(The different hops using the same TX/RX antenna)
	NO
(The different hops using the same TX/RX antenna)
	YES
(for inter-band CA, when one RF chain is power on)
	YES/NO
(UE may select different RF chain to transmit the SRS outside the initial BWP)

	Filtering transients
	If any RF and/or baseband filtering is modified to operate with a different bandwidth, there will be a transient effect lasting for the duration of the impulse response of the filter before the receiver or transmitter is operational with the new bandwidth
	NO
(bandwidth for each hops can be the same)
	NO
(bandwidth for each hops can be the same)
	YES
	YES
(If the SRS transmitted BW larger than initial BWP)

	Sample rate change delays
	If the ADC/DAC sampling rate is to be changed to operate at a new bandwidth, the reconfiguration will take time, particularly if a pipelined converter is used. The exact details are quite implementation dependent and it should be possible to optimise designs for sample rate changes, if this requirement is taken into account from the start.
	NO
(bandwidth for each hops can be the same)
	NO
(bandwidth for each hops can be the same)
	YES
	YES
(If the SRS transmitted BW larger than initial BWP)

	Local oscillator retuning
	Changing a synthesiser frequency takes time, as the phase locked loop needs to converge to the new operating point. The time depends on the amount by which the LO frequency needs to be changed relative to the operating frequency, the loop bandwidth of the PLL, and the technology used in the PLL (eg fractional or integer N synthesiser). Local oscillators are reported in the literature which can be retuned in a few tens of uS, however there are trade-offs between fast retuning and good steady state operation (such as phase noise)
	YES
	YES
	YES/NO
(same centre frequency cases also assumed)
	YES

	AGC settling time
	If the UE does not know the expected power of the signal within the new bandwidth, it will need to iteratively adjust the AGC setting, eg based on measurement of reference signals which are then used to increase or reduce receiver gain. If the UE is receiving signals from the same cell, then the correct or approximately correct gain setting should be known. AGC settling is not relevant for UL transmission, however if the UL path loss is unknown (eg in a new band) a PRACH procedure may be necessary to set the correct UL power control operating point
	N/A

	NO
(The pathloss estimation within the hopping set should not change, channel status is fixed within hopping duration)
	NO
	N/A

	Time and frequency synchronisation
	To receive OFDM signals, time and frequency tracking loops need time to coverage. 
	NO
	NO
	
	NO

	Tx gain change
	To set the Tx gain corresponding to the UL power control
	YES/NO
(The Tx gain setting depending on the UL power control and may up to RAN1 design, for the intra-slot hopping, there may no need to change the Tx gain)
	N/A
	YES
	YES




		Table 2:The estimated time for relevant factors for UL SRS and DL PRS hopping
	Factor
	UL SRS
	DL PRS

	Local oscillator retuning
	FR1: ~ 50 us
FR2: ~ 100 us (due to stabilized phase noise)
	FR1: ~ 50 us
FR2: ~ 100 us

	Tx gain change (No change of SCS)
(Reference to clause 6.3.3.6 in TS 38.101-1 and clause 6.3.3.6 in TS 38.101-2)
	FR1: 10us for SCS of 15kHz and 30kHZ, one blanked symbol for SCS of 60kHz
FR2: 5us for SCS of 60kHZ, one blanked symbol for SCS of 120kHz

	N/A



For FR2, there is one additional factor that needs to be discussed, which is the beam switch gap, according to the RAN1 LS, the spatial filter before and after the frequency hop should not be changed (Tx/Rx antenna is the same for different hops), there is no time needed for bema switch as the beam can be kept the same associated with the same panel. This means UE will not transmit/receive different hop with different panel, and this is aligned with RAN1 assumption in LS[1].
[bookmark: _Ref132040617]No beam switch delay between hops considering the RAN1 assumption for FR2.
To summary the above discussion, the RF retuning time needed for FR1 and FR2 is listed in below:

Table 3: RF retuning for UL SRS hopping and DL PRS hopping for FR1
	
	UL SRS
	 DL PRS

	SCS
	15kHz and 30kHz
	60kHz
	Any

	same UL power for different SRS transmission (e.g Intra-slot hopping)
	~ 50 us
	~ 50 us
	~ 50 us


	Different UL power for different SRS transmission, (e.g inter-slot hopping)
	~ 60 us
	~ 50 us + one blanked symbol (17.84 us) = ~67.84Us
	



Table 4:RF retuning for UL SRS hopping and DL PRS hopping for FR2
	
	UL SRS
	 DL PRS

	SCS
	60kHz
	120kHz
	Any

	same UL power for different SRS transmission (e.g Intra-slot hopping)
	~ 100 us
	~ 100 us
	~ 100 us


	Different UL power for different SRS transmission, (e.g inter-slot hopping)
	~ 105 us
	~ 100 us + one blanked symbol =~  108.93us
	



The LS only asks the switching time between hops, however, additional switch time may be needed for the first hop if the center frequency of first hop is not the same with default BWP or active BWP. Similarly, there may also be switch time after the last hop as UE needs to be switched back to the default BWP or active BWP.  This aspect, as it also relates to the switching time frequency hop for RedCap, is not in RAN1 LS and therefore, RAN4 can ask a question for it to RAN1.
[bookmark: _Ref132040674]Ask RAN1 the question if the additional switch time for first hop and switch time after last hop is relevant for RedCap frequency hopping.
Conclusions
In this contribution, we present our view on the switching time for RedCap positioning with LS reply in annex and with below proposal and observations:
Observation 1 The total hopping time is bounded by coherence time of the channel and shorter RF tuning time benefit the positioning accuracy by increased aggregated frequency range, hence increased # of hop.
Observation 2 The upper limit of the RF tuning time is set either by RAN4 LS[2] with 200us in Rel-15 or 500us when capability of the switchingTimeSRS-TX-OtherTX-r17 is present.
Observation 3 No beam switch delay between hops considering the RAN1 assumption for FR2.
Proposal-1: Ask RAN1 the question if the additional switch time for first hop and switch time after last hop is relevant for RedCap frequency hopping.
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1. Overall Description: 
RAN4 thanks RAN1 question and RAN4 has below answer:
· The feasible values for the switching time between hops for UL SRS and DL PRS is listed in Table 1 for FR1 and Table 2 for FR2 below:

Table 1: RF retuning for UL SRS hopping and DL PRS hopping for FR1
	
	UL SRS
	 DL PRS

	SCS
	15kHz and 30kHz
	60kHz
	Any

	same UL power for different SRS transmission (e.g Intra-slot hopping)
	~ 50 us
	~ 50 us
	~ 50 us


	Different UL power for different SRS transmission, (e.g inter-slot hopping)
	~ 60 us
	~ 50 us + one blanked symbol (17.84 us) = ~67.84Us
	



Table 2: RF retuning for UL SRS hopping and DL PRS hopping for FR2
	
	UL SRS
	 DL PRS

	SCS
	60kHz
	120kHz
	Any

	same UL power for different SRS transmission (e.g Intra-slot hopping)
	~ 100 us
	~ 100 us
	~ 100 us


	Different UL power for different SRS transmission, (e.g inter-slot hopping)
	~ 105 us
	~ 100 us + one blanked symbol =~  108.93us
	



RAN4 also thinks the additional switch time may be needed between the default BWP to the first hop and last hop to default BWP or active BWP, therefore, has below question:
· If the additional switch time between the default BWP to first hop and switch time between last hop to the default/active BWP is relevant for RedCap frequency hopping and also needs discussion in RAN4.

2. Actions:
To RAN WG1 group.
ACTION: 	RAN1 kindly provide the question about.

3. References:

4. Date of Next TSG-RAN WG4 Meetings:
TSG RAN WG4 Meeting #107		May 22 – 26, 2022				Incheon
TSG RAN WG4 Meeting #108		August 21 – 25, 2023				Toulouse
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