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[bookmark: _Ref142149475]Introduction
In RAN4#107 LS [7] and WF [6], the switching time for SRS/PRS hopping for FR1 is agreed but switching time for FR2 is still to be set of several limited numbers as agreed in LS [5]. RAN1 also send a LS asking the switching time before the first hop and after the last hop. In this paper, we continue to present our view on the LS question from RAN1 for RedCap positioning [1] [8].  
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 RAN1 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 benefits the positioning accuracy by increased aggregated frequency range, hence increased # of hop. 


Figure 1: UL SRS frequency hopping with partial overlap


In WF [6] the switching time for SRS is {35us, 70us, 140us} for FR2, with these numbers and 210 us mentioned by one company from last meeting, the needed RF tuning times for different SCS is converted to # of symbols and listed in Table 1 below:
 
Table 1: RF retuning time mapping to # of OFDM symbols
	Parameter / Numerlogy (u)
	2
	3
	4

	SCS
	60kHz
	120kHz
	240kHz

	OFDM Symbol Duration (us)
	16.67
	8.33
	4.17

	Cyclic Prefix Duration (us)
	1.17
	0.57
	0.29

	OFDM Symbol including CP (us)
	17.84
	8.92
	4.46

	RF tuning time (35us, FR2)
	2
	4
	8

	RF tuning time (70us, FR2)
	4
	8 (0.57 slot)
	16 (1.14 slot)

	RF tuning time (140us, FR2)
	8 (0.57 slot)
	16 (1.14 slot)
	32 (2.28 slots)

	RF tuning time (210us, FR2)
	13 (0.92 slot)
	26 (1.86 slots ≈ 2 slots )
	52 (3.7 slots)



For FR2, the doppler frequency is much higher for higher frequency and thus coherence time even shorter, too long RF retuning could be even greater than the coherent time of the channel and network cannot schedule this UE for hopping anymore to improve the positioning accuracy. In Table 2, the coherence time is compared for different UE speed and frequency. As the RedCap UE maximum BW is 100MHz, if assuming 3 hops to aggregate to 400MHz, the hop duration of 3 hops together with the scheduled # of SRS symbols should not exceed the coherence time. Additionally, if there is DL slots for one TDD slot configuration such DL slots duration also needs to be considered in the total hop duration. For example, in TS 38.101-2, the TDD pattern for SCS 120kHz is 2ms periodicity with 7DS8U. There are 7 slots in downlink and 8 slots in uplink. Preferably, the hops should be done within the 8 consecutive uplink slots. If UE needs 210us for RF retuning, the hops duration for 3 hops would be 6 slots for RF retuning and 4 slots for SRS transmission, which totally 10 slots exceeding the 8U TDD configuration. The transmission of SRS symbol is “costly” for network as it cannot be shared by other UEs in frequency domain, if network restricts the SRS positioning slots, the usable aggregated hops would be further reduced. With such considerations, we believe it is not too meaningful to report the 210us RF retuning for RedCap UE for FR2 for RedCap UE.
[bookmark: _Ref142149451]Consider to report less RF retuning numbers to support the RedCap UE frequency hopping for FR2.

Table 2: coherence time comparison 
	Frequency /UE speed

	
	3m/s
	10 m/s (36km/h)
	30m/s
	300m/s

	2GHz
	Doppler (Hz)
	40
	133
	400
	4000

	
	Coherence time (ms)
	10.6
	3.18
	1.06
	0.106

	28GHz
	Doppler(Hz)
	560
	1866
	5600
	56000

	
	Coherence time (ms)
	0.76
	0.22
	0.076
	0.0076

	
	# of Slots for SCS 120kHz
	6
	1.76
	0.6
	0.06



In [8], the RAN1 LS also asks RAN4 to consider the switching time before the first hop and switching time after the last hop:
RAN4 is kindly requested to evaluate the applicable switching time (if any) required ahead of the first hop and after the last hop, considering potential differences (in e.g. SCS, bandwidth, CP) between initial/active UL BWP and UL SRS for positioning Tx frequency hopping
In 38.306, there is 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:
· [bookmark: _Hlk142150760]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

As the functionality and condition for RedCap hopping is similar with this capability, such capability can be reused for RedCap UE between the initial UL BWP and first hop UL SRS transmission. Between the other Tx in active BWP and SRS TX in first hop transmission, it can be discussed if largest switching time 500us could be removed as the possibility to power on the hardware is low for active BWP compared with the initial BWP. Another way to define the switching time from the Tx in active BWP to SRS UL in first hop is to consider the time needed to reconfigure the SCS and bandwidth. As it is agreed that RF retuning for FR1 is {35us, 70us, 140us} and FR2 may be the same, if the time to reconfigure the BW, SCS would be larger than this, the switching time would be decided by such factors. The factors to consider is the filter transient when changing the filter bandwidth and the sampling rate change along with the bandwidth change. We believe these factors should be done within several 10 us ranges and therefore it should be discussed whether these factors could be done sequentially or in parallel to the RF retuning. The additional time delay caused by BW, SCS change would be added on the RF retuning if the control happens sequentially. 
[bookmark: _Ref142149463]Considering to reuse the existing switching time between Tx in initial BWP to SRS UL in first hop. 
[bookmark: _Ref142149486]Consider the 50 us in addition to the agreed RF retuning time {35us, 70us, 140us} between the other TX in active BWP and SRS TX in the first hop.
The switching time after the last hop to active BWP can be the same for the switching time between active BWP to first hop as the factors are the same. As such, there is no need to differentiate the switching time before first hop and after the last hop. 
[bookmark: _Ref142149496]Consider the same switching time before first hop and after last hop. 
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 benefits the positioning accuracy by increased aggregated frequency range, hence increased # of hop.
Proposal-1: Consider to report less RF retuning numbers to support the RedCap UE frequency hopping for FR2.
Proposal-2: Considering to reuse the existing switching time between Tx in initial BWP to SRS UL in first hop.
Proposal-3: Consider the 50 us in addition to the agreed RF retuning time {35us, 70us, 140us} between the other TX in active BWP and SRS TX in the first hop.
Proposal-4: Consider the same switching time before first hop and after last hop.
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1. Overall Description: 
RAN4 thanks RAN1 for LS R1-2302127 and R1- 2306119. RAN4 has discussed the question in the LS and reached the following agreements:
· For UL SRS Tx frequency hopping, RAN4 considers the switching time of {35us, 70us, 140us} for FR2 as the starting point
· SRS Tx frequency hopping range can be up to 400MHz
· For DL PRS Rx frequency hopping, RAN4 considers the switching time of {35us, 70us, 140us} for FR2 as the starting point
· PRS Rx frequency hopping range can be up to 400MHz

For switching time between other TX in initial BWP and SRS TX in  the first hop, the existing capability 	switchingTimeSRS-TX-OtherTX-r17 can be reused.

For switching time between other TX in active BWP and SRS TX in the first hop and switching time between SRS Tx in last hop to other Tx in the active BWP, RAN4 agrees the switching time of {85us, 120us, 190us} for both for FR1 and FR2.


2. Actions:
To RAN WG1 group.
ACTION: 	no action needed.

3. References:

4. Date of Next TSG-RAN WG4 Meetings:
TSG RAN WG4 Meeting #108-bis		Oct 9 – 13, 2023					Xiamen
TSG RAN WG4 Meeting #109		Nov 13 – 17, 2023				USA
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