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1 Introduction
In the newly agreed WID [1], the following objective is included regarding the support of positioning for RedCap UEs

This contribution discusses the aspects related to the specification support of positioning for RedCap UEs. · 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].

2 Hopping pattern design consideration
In last meeting, the following hoping related to agreement have been reached.
Agreement
For RedCap UEs, support at least measurements on DL PRS with Rx frequency hopping using a measurement gap
· FFS: details on RedCap UE processing capabilities for DL PRS with Rx frequency hopping and MG
· FFS: the use of a single or multiple instances of a MGs
· FFS: the use of PPW

Agreement
For RedCap UEs, SRS for positioning Tx frequency hopping is configured within one SRS for positioning resource.


Basically, the general framework for redcap positioning is clear that, for PRS Rx FH, the measurement gap based method is used; and some additional configuration/indication will be considered to facilitate SRS Tx FH. In the following subsections, we would like to discuss further considerations on the hop design in Redcap Pos.
2.1 MG and/or PPW
The MG was agreed to be used for PRS RX FH. There is open study point on the PPW usage. Considering now one measurement on the complete PRS resource needs several instances, e.g., 5 measurement instances. It’s not desirable to interrupt the reception in between the PRS instances. For this reason, we do not think the PPW without PRS as higher priority is the suitable operation. That’s to say, since the PPW when configured with PRS as higher priority has similar handling for PRS reception as in MG, we think the PPW only with PRS as higher priority could to be used. 
Proposal 1: PPW only with PRS as higher priority could to be used for PRS Rx FH.
2.2 FH based measurement report 
Impact by RACH related signals
By legacy behavior in MG or the new description for MG-less window (when PRS is higher priority), the UE will suspend most of the other signal/channel reception or transmission except for the interruption of RACH related signals, e.g., msg.1/A, msg3 and msg2/4 reception. 
The handling of these interrupting RACH signals is not specified, which could be because these signals may interrupt the measurement of one or two PRS(s) but since the during the MGs, there could be plenty of other PRS for use, such interruption might not be a serious issue. However, for the PRS Rx FH in redcap Pos, the issue will be much more severe. As we discussed above, since one measurement on the complete PRS resource needs multiple instances, e.g., 5 measurement instances, so if one or multiple of these instances are interrupted, it will impact the whole reception and even make the whole reception useless, the UE might need to find another instance group for the complete reception of one PRS. But finding the instance group is also limited by total duration of MG(s). So it could end up with either not enough qualified measurements or quite long measurement period for the positioning which make the final results less useful. Neither of these situations are desired. 
Observation 1: the interruption of the RACH related signals has severe damage to the Redcap Pos in PRS Rx FH.
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Fig.1 the illustration of impact of RACH related signal
Thus, we think that, first, the impact on the PRS Rx reception should be studied to determine in which condition the FH part of the PRS could be received, e.g., the overlapping with RACH related signal or the RAR widow used for the msg2 reception. Secondly, the reporting should be optionally configured/selected from complete reporting (e.g., PRS resource based) or partial reporting (e.g., PRS FH based). In case UE could finish the complete measurement on the PRS resource, one single report could be used like the legacy. If UE is unable to finish the complete PRS resource, some of the PRS FH reception is interrupted by RACH related signal/channels, UE could still report the measurement on the measured FH part, and UE needs to report the measurement associated with corresponding FH part index, so the receiving node could understand what the measurement refers to. 
Thus, for the agreement in last meeting:

Multiple measurements with each of them is associated with one received hop, i.e., per hop based measurement report should be supported according to our analysis in above. Agreement
For DL Rx hopping or UL Tx hopping, support the UE or gNB to report the following:
· A single measurement based on receiving multiple hops of the DL PRS or UL SRS for positioning
· One [or more] measurements where each measurement is associated with one received hop
· FFS: indication of how many received hops / which received hops where used in the measurement report.
· Note: no new measurement definition is introduced in RAN1
· FFS: conditions when the above measurements are reported, and whether the above measurements can be reported together.

Proposal 2: RAN1 to study the impact of RACH related signal to the PRS Rx reception FH.
Proposal 3: support FH based measurement reporting and associated FH part index within one complete PRS.
2.3 Time GapAgreement
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 size of the time gap between hops may also have issue on the coherence time duration (see Annex), e.g., if the gap has surpassed the coherence time, the benefits to have FH could be reduced. Thus the candidate value of the time gap and the applicable condition should also be studied. As RAN1 has send the LS to RAN4 to request the feasible value, the work should proceed after the reply by RAN4.
Proposal 4: a time gap configuration should be considered between hops, FFS the candidate value and applicable condition.

On the other hand, for the applicability of using FH based method to improve the Redcap positioning with smaller bandwidth, the impact of channel timing varying should be handled. For the simulated impact of UE speed, for the given simulation has been submitted, some claims the benefits of having overlapped REs to estimate and compensate the phase offset.  
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Fig.2 illustration of overlapped F-domain between hops
We think the benefits could be expected from the simulation in case the phase error/offset was added on and without considering not much about another time varying channel property, e.g., amplitude change, which is hard to compensate. Especially when the time gap between two hops is large. Each RE may experience different frequency selective fading, the method of using the overlap REs for phase offset estimation and compensation need more study to check the feasibility and effectiveness.
Proposal 5: FFS how to compensate the impacts on phase offset and/or amplitude change, from the time varying channel property.

2.4 RAN4 LS
As RAN4 replied RAN1 question on the possible timing gap, 
· For RedCap UE UL SRS Tx frequency hopping, RAN4 considers the switching time of {70us, 140us} for FR1 as the starting point
· SRS Tx frequency hopping range can be up to 100MHz.
· Which specific value for frequency hopping is applied depends on UE capability, if multiple values are agreed.
· 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
· Which specific value for frequency hopping is applied depends on UE capability, if multiple values are agreed
· For RedCap UE DL PRS Rx frequency hopping, RAN4 considers the switching time of {70us, 140us} for FR1 as the starting point
· PRS Rx frequency hopping range can be up to 100MHz
· Which specific value for frequency hopping is applied depends on UE capability, if multiple values are agreed
· 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
· Which specific value for frequency hopping is applied depends on UE capability, if multiple values are agreed

Basically, for FR1, the candidate values are {70,140}us and for FR2, the candidate values are {35, 70, 140}us. In turn, it could be 2/4 symbols for FR1 and up to 8/9 symbols in FR2. On the other hand, there is one more question from RAN4 that, 
RAN4 also thinks additional switch time may be needed for SRS transmission between the initial/active BWP to the first hop and last hop to initial/active BWP, and therefore, has below question:
· Is the additional switch time for SRS transmission between the initial/active BWP to first hop and switch time between last hop to the initial/active BWP relevant for RedCap frequency hopping and should it be discussed in RAN4?

From our discussion in section 2.2, that if the SRS is not in the same BW part with the RACH related signal, the UE could need extra time to switch to/back the SRS frequency location, especially when the RACH related signal needs to process the UL transmission with different SCS or TA and/or the DL reception with different SCS. 
Proposal 6: From RAN1 perspective, the potential other UL signal transmission/DL reception might require additional time for UE to handle, especially with different SCS or TA;
2.5 Collision handling
As discussed and agreed in the meeting, for collision handling between UL signals and SRS transmission, 
Agreement
For RedCap UEs positioning transmitting the UL SRS with frequency hopping, regarding the collisions between other UL and DL signals/channels and the UL SRS with frequency hopping, study whether to support one or both of the following options, according to UE capabilities:
· Option 1: UL time window where the UE is not expected to receive/transmit other signals/channels and is only expected to transmit FH SRS for positioning.
· FFS details of an UL time window
· Note: it implies that UE drops the transmission of other signals/channels and transmits SRS for positioning
· Option 2: additional collision rules between the UL SRS with frequency hopping and other UL and DL signals/channels 
· FFS: details on the collision rules

For the proposed two options, we understand the first one is to prioritize the transmission of SRS over Tx/Rx of other signals and in benefits with the protection of SRS transmission. On the other hand, the option 2 opens more room for discussing the SRS priority with other signals considering the importance comparison between SRS and other signals and also the potential timeline to check such collision. Overall, the SRS in legacy has lowest priority comparing to other UL signals, so even with option2, the optimization part is also trying to introduce the higher priority cases for SRS which is the same purpose of option 1. With this understanding, we think the option1 is simple and efficiently enough for this purpose while option 2 could be much complicated.
Proposal 7: the option 1 with a configured UL time window to prioritize SRS transmission is supported. 
3 Conclusion
The proposals made in this contribution are summarized below: 
Proposal 1: PPW only with PRS as higher priority could to be used for PRS Rx FH.
Observation 1: the interruption of the RACH related signals has severe damage to the Redcap Pos in PRS Rx FH.
Proposal 2: RAN1 to study the impact of RACH related signal to the PRS Rx reception FH.
Proposal 3: support FH based measurement reporting and associated FH part index within one complete PRS.
Proposal 4: a time gap configuration should be considered between hops, FFS the candidate value and applicable condition.
Proposal 5: FFS how to compensate the impacts on phase offset and/or amplitude change, from the time varying channel property.
Proposal 6: From RAN1 perspective, the potential other UL signal transmission/DL reception might require additional time for UE to handle, especially with different SCS or TA;
Proposal 7: the option 1 with a configured UL time window to prioritize SRS transmission is supported. 
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Annex – coherence calculation
The coherence time and Doppler spread are inversely related, i.e.  

Table 1 lists the values for the Doppler spread and associated channel coherence time for two frequency bands evaluated for RedCap UE positioning.
[bookmark: _Ref117455385]Table 1: Doppler Spreads and Coherence Times for RedCap UE positioning
	Carrier Frequency
	UE speed
	Max Doppler Spread
	Channel Coherence Time

	3.5GHz
	3 km/h
	9.72Hz
	25.7ms

	3.5GHz
	30 km/h
	97.2Hz
	2.57ms

	3.5GHz
	60km/h
	194.4 Hz
	1.285ms

	28GHz
	3 km/h
	77.8 Hz
	3.21 ms

	28GHz
	30 km/h
	777.8 Hz
	0.321 ms

	28GHz
	60km/h
	1555.6 Hz
	0.161 ms
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