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	Conclusion
For positioning enhancements for RedCap UEs, only Rx frequency hopping of the DL PRS is supported.
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
Conclusion
The scope for RedCap positioning includes FR1 and FR2.

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.

Agreement
For positioning for RedCap UEs with DL PRS Rx Hopping, the UE hops within a DL PRS resource
· FFS: whether there is specification update needed for RAN1
· FFS: remaining details 
Agreement
For RedCap UEs, support SRS for positioning frequency hopping by 
· Using a configuration separate from the existing BWP configuration
· FFS: hopping is configured within a SRS resource or across SRS resources
Agreement
The draft LS in R1-2302126 is endorsed with the addition of the two agreements above. Final LS in R1-2302127.



In this contribution, we will further discuss the configuration of SRS-Pos/PRS hopping, collision handing and measurement report.
RedCap UEs Positioning with UL frequency hopping
Configuration of SRS-Pos hopping
In RAN1#112 meeting, the following agreement related to configuration of DL PRS hopping was achieved[1]:
	Agreement
For positioning for RedCap UEs with DL PRS Rx Hopping, the UE hops within a DL PRS resource
· FFS: whether there is specification update needed for RAN1
· FFS: remaining details 



In Rel-17, multiple repeated transmissions of an SRS-Pos resource are supported. In addition, for positioning for RedCap UEs with DL PRS Rx hopping, it was agreed that the UE hops within a DL PRS resource. In order to keep consistent with DL positioning, for positioning for RedCap UEs with UL SRS-Pos Tx hopping, we propose that the UE hops within a UL SRS-Pos resource.
Proposal 1: For positioning for RedCap UEs with UL SRS-Pos Tx hopping, the UE hops within a UL SRS-Pos resource.

UL frequency hopping pattern in virtual BWP
The following agreements were achieved in RAN1#110bis-e related to the evaluation of TX/RX frequency hopping for positioning of RedCap UEs [2].
	Agreement
For the evaluation of TX/RX frequency hopping for positioning of redcap UEs, the value of the gap between two consecutive hops includes at least from 100us to 5ms.
· Companies should indicate if other smaller values are used in their evaluations, and justify the feasibility of smaller values

Agreement
Study the potential enhancement of the UL SRS for positioning to enable Tx frequency hopping, including but not limited to partial overlapping between hops, hopping bandwidth, time gap between frequency hopping.

Agreement
Study the potential enhancement of the DL PRS to enable Tx or Rx frequency hopping, including but not limited to impact on processing capability, hopping bandwidth in the positioning frequency layer, time gap between frequency hopping, measurement period, partial overlapping between hops.

Agreement
For the evaluation of TX/RX frequency hopping for positioning of redcap Ues, the value of UE speed includes 3 km/h, 30 km/h, 60km/h.
· Other values are not precluded



In Rel-18 SI, RedCap UEs positioning performance with UL SRS-Pos frequency hopping was evaluated. It was found that the positioning performance is affected by time and frequency domain factors. In time domain, the larger time gap and Rx/Tx timing error will result in the lower positioning accuracy. In frequency domain, partial overlapping size, and UE speed also affect positioning accuracy. Thus, it is important to carefully design the UL Tx frequency hopping pattern. UL Tx frequency hopping pattern information should include the SRS configuration information in time domain and frequency domain.
Proposal 2: UL Tx frequency hopping pattern information should include the following SRS-Pos resource configuration information:
· In time domain:
· the start time of the frequency hopping pattern 
· the end time of the frequency hopping pattern
· time gap between two consecutive hops (in unit of slot or OFDM symbol)
· In frequency domain:
· partial overlapping size(granularity: PRB or RE)
· starting PRB index per frequency hopping
· the number of frequency hopping N, N={1, 2, …, N_max}
· FFS: N_max
SRS-Pos collision rules
For RedCap UEs positioning in half duplex -frequency division duplex (HD-FDD), there is potential collision of UL SRS-Pos transmission and other DL reception. Therefore, there is a need to define collision handling rules for UL SRS-Pos transmission and other DL reception. 
Proposal 3: For RedCap UEs positioning in HD-FDD, collision handling rules for UL SRS-Pos transmission and DL reception should be defined.
In Rel-17, when the UL SRS-Pos conflicts with other uplink channels/signals (e.g., PUSCH and PUCCH), the SRS-Pos are dropped without affecting the transmission of PUSCH/PUCCH. For RedCap UEs Positioning with UL frequency hopping, it may take 5 frequency hoppings to achieve a desired positioning performance, which requires that the time interval between two adjacent hops should be small enough. Thus, it is necessary to introduce a time window so that the RedCap UEs can continuously transmit SRS-Pos signals with UL frequency hopping multiple times without being interrupted by PUSCH/PUCCH.
Proposal 4: It is necessary to introduce a time window so that the RedCap UEs can continuously transmit SRS-Pos signals with UL frequency hopping multiple times without being interrupted by PUSCH/PUCCH.
Measurement report for SRS-Pos hopping
For UL frequency hopping positioning, a RedCap UE sequentially sends 20 MHz SRS-Pos signals configured on a 100 MHz virtual bandwidth. By combining multiple received SRS-Pos signals to get a combined signal with larger bandwidth, the gNB/TRP can obtain a positioning measurement value and report it to the LMF. An indicator is needed to indicate combined reporting or per hop reporting. However, due to conflicts with other signals, sometimes the UE cannot continuously transmit all hops. In this situation, the gNB/TRP can still measure each SRS-Pos signal, and report the measurement result and hopping index per hop. Therefore, we support a gNB to report the measurement to the LMF by use of combined reporting and per hop reporting method.
Proposal 5: For RedCap UEs positioning with UL frequency hopping, support a gNB to report the measurement to the LMF with single combined reporting and multiple per hop reportings.
· FFS: indicator for combined reporting/per hop reporting, with a value of 1 corresponding to combined reporting, with a value of 0 corresponding to per hop reporting.
· FFS: whether and how the gNB/TRP reports the number of hops to the LMF.
· FFS: the hop index for per hop reporting method.
RedCap UEs Positioning with DL frequency hopping
MG and PPW of DL PRS with Rx frequency hopping
In RAN1#112 meeting, the following agreement related to measurement gap (MG)of DL PRS hopping was achieved [1]:
	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



RedCap UE processing capabilities
For positioning enhancements for RedCap UEs, the following two alternatives for UE processing capabilities on overlap between DL PRS hops and number of hops were discussed without consensus in RAN1#112 [3].
	Proposal 2.3a-2: for positioning enhancements for RedCap UEs, regarding the frequency resource overlap (downselect):
Alt1: the number of overlapping frequency resources in adjacent hops required for the UE to perform phase offset compensation the overlap between hop for DL PRS Rx frequency hopping is a UE capability
-	FFS: granularity of the capability, including the case of no overlap required
Alt2:  the effective measurement bandwidth and the number of hops for DL PRS Rx frequency hopping is a UE capability
-	FFS: granularity of the capability, including the case of no overlap required
Proposal 2.3b-2: for positioning for RedCap UEs, the number of hops for DL PRS Rx frequency hopping is a UE capability
-	FFS: granularity of the capability



For RedCap UE positioning with DL Rx frequency hopping, we support the following UE capability: the number of overlapping frequency resources in adjacent hops and the number of hops (Alt 1).
Proposal 6: For RedCap UE positioning with DL Rx frequency hopping, support the following UE capability: the number of overlapping frequency resources in adjacent hops and the number of hops (Alt 1).
A single or multiple instances of MGs
The advantage of a single MG over multiple MGs is smaller delay. A MG has minimum time interval (MGRP) of 20ms and a minimum length of 1.5ms. Multiple instances of MGs may result in a relatively large hopping delay.
Proposal 7: For RedCap UE positioning with  Rx frequency hopping, support a single instance of a MG.
The use of PRS processing window (PPW) or not
3GPP Rel-17 limits UE can only receive downlink PRS within a MG or a PPW. When no MG is available for DL PRS Rx frequency hopping processing, the UE can only receive and measure multiple frequency hopping PRSs within the PPW. However, the purpose of PPW is to reduce positioning delay, and a UE is expected to measure the DL PRS within PPW if it is inside the active DL BWP and with the same numerology as the active DL BWP of the serving cell. For the RedCap UE positioning with DL Rx frequency hopping, the DL PRS is always outside of the active DL BWP. If the BWP switching method is used within the PPW to achieve DL PRS Rx frequency hopping, there are two problems. Firstly, the BWP switching time is relatively large. Due to the oscillator frequency offset, the combined measurement from DL PRS signals with Rx frequency hopping at different times may have lower accuracy than per hop measurement, as evaluated in Rel-18 SI. Secondly, BWP switching can only support up to 4 sub-bands, and cannot support equivalent combined DL PRS with bandwidth up to 100 MHz.
In our view, single/multiple PPW based BWP frequency retuning method can be used to reduce the retuning time compared to BWP switching method. Multiple PPW based BWP frequency retuning method is shown in Figure 1, where each PPW is associated with a Rx hopping index and different Rx hopping indexes are associated with different BWPs (In single PPW based method, frequency offset and time gap between two consecutive hops can be used to do BWP retuning). The RedCap UE only achieves Rx frequency hopping to receive DL PRS through frequency domain retuning, without performing traditional BWP switching. For different BWPs, there is only difference in frequency domain position, and other parameters (PPW period, PPW length, and DL PRS priority within a set of PPWs) are the same. Therefore, the retuning time required for multiple PPW based BWP frequency retuning method is usually shorter than the switching time for the conventional BWP switching.


Figure 1: Illustration of multiple PPW based BWP frequency retuning method
Proposal 8: For RedCap UE positioning with DL Rx frequency hopping, support the use of PPW, e.g., one/multiple PPW based BWP frequency retuning method.
Configuration of DL PRS with Rx frequency hopping
In RAN1#112 meeting, the following agreement related to configuration of DL PRS hopping was achieved [1]:
	Agreement
For positioning for RedCap UEs with DL PRS Rx Hopping, the UE hops within a DL PRS resource
· FFS: whether there is specification update needed for RAN1
· FFS: remaining details 



For positioning for RedCap UEs with DL PRS Rx hopping, the definition of Rx hopping pattern can be up to UE implementation and not configured by network. Therefore, for the definition of Rx hopping pattern, there is no specification update needed for RAN1. As discussed in Section 2.4, hop index may be needed for per hop reporting method.
Observation 1: For positioning for RedCap UEs with DL PRS Rx hopping, there is no need to define/ configured Rx hopping pattern, which can be up to UE implementation.
Observation 2: For positioning for RedCap UEs with DL PRS Rx hopping, hop index may be needed for per hop reporting method.
Similar to measurement report for UL frequency hopping in Section 2.4, we support a UE to report the measurement to the LMF by use of combined reporting and per hop reporting method.
Proposal 9: For RedCap UEs positioning with DL frequency hopping, support a UE to report the measurement to the LMF by use of combined reporting and per hop reporting method.
· FFS: indicator for combined reporting/per hop reporting, with a value of 1 corresponding to combined reporting, with a value of 0 corresponding to per hop reporting.
· FFS: whether and how the UE reports the number of hops to the LMF.
· FFS: the hop index for per hop reporting method.

DL PRS collision handing in HD-FDD
In Rel-17, three duplex operations (HD-FDD, FD-FDD, TDD) are supported for RedCap UEs in FR1. For RedCap UEs positioning in FD-FDD and TDD, the same PRS collision handing rules between DL PRS and other DL signals/channels within PRS processing window (PPW) in Rel-17 can be reused.
For RedCap UEs positioning in HD-FDD, there is potential collision of DL PRS and other UL transmission within PPW. Therefore, there is a need to define collision handling rules for DL PRS and other UL transmission within PPW. In our view, the following two methods can be considered: 
Method 1: Reuse collision handling rule for DL PRS and other DL signals/channels in PPW in Rel-17, with new definition of PPW types (Type 3/4).
	PRS processing window (PPW) type
· Type 3 refers to the determination of prioritization between DL PRS and other UL signals/channels in all OFDM symbols within the PRS processing window. The UL signals/channels from all bands or a certain band  are affected across LTE and NR.
· Type 4 refers to the determination of prioritization between DL PRS and other UL signals/channels only in DL PRS symbols within the PRS processing window.


Method 2: Reuse the collision handling rule for other DL signals/channels and UL signals/channels for RedCap UE in HD-FDD. For collision of DL PRS and semi static uplink signals/channels (including periodic SRS, periodic PUCCH, and PUSCH with configured grant), the UE is expected that the network should avoid configuring DL PRSs to overlap with semi static uplink signals/channels in the time domain. For collision of DL PRS and dynamic uplink signals/channels (including aperiodic SRS, dynamically scheduled PUCCH, and PUSCH), the UE transmits dynamic uplink signals/channels, and does not receive DL PRSs.
Proposal 10: For RedCap UEs positioning in HD-FDD, collision handling rules for DL PRS and other UL signals/channels within PPW should be defined, e.g., by the following two methods.
· Method 1: Reuse collision handling rule for DL PRS and other DL signals/channels in PPW in Rel-17, with new definition of PPW types (Type 3/4).
·  Method 2: Reuse the collision handling rule for other DL signals/channels and UL signals/channels for RedCap UE in HD-FDD.
On-demand PPW-related configuration
A RedCap UE can use an on-demand method to report the  recommended PPW-related configuration information to the network (serving gNB/LMF). The recommended configuration information related to PPW includes at least one or more of the following information: the BWP frequency domain retuning method based on PPW, the number of PPWs (L), the PPW period (T), the DL PRS priority within the PPW, the starting time domain position, and the frequency domain interval between two consecutive hops (F) .
Proposal 11: Support a RedCap UE to use an on-demand method to provide the recommended PPW-related configuration information to the network (serving gNB/LMF).
Conclusion
In this contribution, we discuss RedCap UEs positioning with UL frequency hopping and DL frequency hopping and give the following observations and proposals.
Observation 1: For positioning for RedCap UEs with DL PRS Rx hopping, there is no need to define/ configured Rx hopping pattern, which can be up to UE implementation.
Observation 2: For positioning for RedCap UEs with DL PRS Rx hopping, hop index may be needed for per hop reporting method.
Proposal 1: For positioning for RedCap UEs with UL SRS-Pos Tx Hopping, the UE hops within a UL SRS-Pos resource.
Proposal 2: UL Tx  frequency hopping pattern information should include the following SRS-Pos resource configuration information:
· In time domain:
· the start time of the frequency hopping pattern 
· the end time of the frequency hopping pattern
· time gap between two consecutive hops (in unit of slot or OFDM symbol)
· In frequency domain:
· partial overlapping size(granularity: PRB or RE)
· starting PRB index per frequency hopping
· the number of frequency hopping N, N={1,2,…,N_max}
FFS:N_max
Proposal 3: For RedCap UEs positioning in HD-FDD, collision handling rules for UL SRS-Pos transmission and DL reception should be defined.
Proposal 4: It is necessary to introduce a window so that the RedCap UEs can continuously transmit SRS-Pos signals with UL frequency hopping multiple times without being interrupted by PUSCH/PUCCH.
Proposal 5: For RedCap UEs positioning with UL frequency hopping, support a gNB to report the measurement to the LMF with single combined reporting and multiple per hop reportings.
· FFS: indicator for combined reporting/per hop reporting, with a value of 1 corresponding to combined reporting, with a value of 0 corresponding to per hop reporting.
· FFS: whether and how the gNB/TRP reports the number of hops to the LMF.
· FFS: the hop index for per hop reporting method.
Proposal 6: For RedCap UE positioning with DL Rx frequency hopping, support the following UE capability: the number of overlapping frequency resources in adjacent hops and the number of hops (Alt 1).
Proposal 7: For RedCap UE positioning with  Rx frequency hopping, support a single instance of a MG.
Proposal 8: For RedCap UE positioning with DL Rx frequency hopping, support the use of PPW, e.g., one/multiple PPW based BWP frequency retuning method.
Proposal 9: For RedCap UEs positioning with DL frequency hopping, support a UE to report the measurement to the LMF by use of combined reporting and per hop reporting method.
· FFS: indicator for combined reporting/per hop reporting, with a value of 1 corresponding to combined reporting, with a value of 0 corresponding to per hop reporting.
· FFS: whether and how the UE reports the number of hops to the LMF.
· FFS: the hop index for per hop reporting method.
Proposal 10: For RedCap UEs positioning in HD-FDD, collision handling rules for DL PRS and other UL signals/channels within PPW should be defined, e.g., by the following two methods.
· Method 1: Reuse collision handling rule for DL PRS and other DL signals/channels in PPW in Rel-17, with new definition of PPW types (Type 3/4).
· Method 2: Reuse the collision handling rule for other DL signals/channels and UL signals/channels for RedCap UE in HD-FDD.
· Proposal 11: Support a RedCap UE to use an on-demand method to provide the recommended PPW-related configuration information to the network (serving gNB/LMF).
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