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The following agreements were achieved in RAN1#112bis-e related to positioning for RedCap UEs [1].
	Agreement
For RedCap UEs, SRS for positioning Tx frequency hopping is configured (select one alternative):
· Alt 1: within one SRS for positioning resource
· Alt 2: across resources, within one SRS for positioning resource set
· Alt 3: across resource sets, with all resources in a set corresponding to the same hop sub-bandwidth
Conclusion
For the positioning of redcap UEs, for the DL PRS reception and UL SRS transmission, the maximum hopping bandwidth for a single hop is 20MHz for FR1 and 100MHz with FR2.
Agreement
For RedCap UEs, SRS for positioning Tx frequency hopping is configured within one SRS for positioning resource.
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
Agreement
For UL SRS Tx hopping, the frequency hopping pattern is configured with overlapping or non-overlapping hops.
· FFS: exact patterns to be supported 
· FFS: whether the overlapping hops may or may not be adjacent in the time domain
· Note: RAN1 assumes that no additional UE requirements shall be specified for the case of Tx hopping with non-overlapping hops compared to the case of Tx hopping with overlapping hops, e.g., a UE is not responsible for keeping phase continuity across the hops in either case of overlapping or non-overlapping hops.
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


In this contribution, we further discuss the issues related to measurement report, frequency hopping pattern, positioning transmitting the UL SRS with frequency hopping, parameters to configure SRS Tx hopping, Gap-less measurement for DL PRS with frequency hopping and PRS reception for HD-FDD.
Common Aspects
Measurement Report
The following agreement was achieved in RAN1#112bis-e related to measurement report [1].
	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


For UL frequency hopping positioning, a RedCap UE sequentially transmits up to 20 MHz SRS-Pos signals configured on a maximum 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 higher-accuracy measurement and report it to the LMF. An indicator is needed to indicate combined reporting or per hop reporting. However, in case that UL SRS-Pos conflicts with PUSCH/PUCCH, the UE cannot sequentially transmit SRS-Pos signals for all hops. In this situation, the gNB/TRP can still measure each SRS-Pos signal, and report the measurement and hopping index per hop. 
In our opinion, an indicator associated with measurement is needed to indicate how many received hops or which received hops are used in the measurement report. For example, in a measurement report, LMF receives two RTOA measurements reported by a TRP from UL SRS-Pos from a UE. The first RTOA measurement corresponds to 3 hops and the second RTOA measurement corresponds to 5 hops, where the RTOA measurement has higher measurement accuracy with more hops. The LMF can use the indicator to choose the second RTOA measurement with 5 hops to do UL-TDOA positioning, which help to achieve higher positioning accuracy.
Proposal 1: An indicator is needed to indicate how many received hops or which received hops were used in the measurement report.
RedCap UEs Positioning with UL frequency hopping
UL frequency hopping pattern
The following agreement was achieved in RAN1#112bis-e related to UL frequency hopping pattern [1].
	Agreement
For UL SRS Tx hopping, the frequency hopping pattern is configured with overlapping or non-overlapping hops.
· FFS: exact patterns to be supported 
· FFS: whether the overlapping hops may or may not be adjacent in the time domain
Note: RAN1 assumes that no additional UE requirements shall be specified for the case of Tx hopping with non-overlapping hops compared to the case of Tx hopping with overlapping hops, e.g., a UE is not responsible for keeping phase continuity across the hops in either case of overlapping or non-overlapping hops.



Two types of hopping patterns have been discussed in RAN1#112bis-e. One is diagonal hopping pattern which involves distributing different hops diagonally, resulting in adjacent hops in the time domain being also adjacent in the frequency domain. Additionally, their bandwidths overlap or non-overlap with each other. Another is SRS-MIMO hopping pattern in which the adjacent hops in the time domain may not be adjacent in the frequency domain and the adjacent hops in the frequency domain may also not be adjacent in the time domain. Based on the evaluation results in Rel-18 SI, the diagonal hopping pattern can achieve better positioning performance than SRS-MIMO hopping pattern.
From the RAN1 perspective, short switching time to allow RF retuning between adjacent hops may be beneficial in terms of accuracy and latency performance. RAN1 has sent an LS to RAN4 requesting feedback on the feasible values for the switching time between hops in RAN1#112 meeting, and the values of RF retuning are {70us, 140us} for FR1 in RAN4 reply [2]. If the SCS is 30 kHz, the RF tuning time is about {2 symbols, 4 symbols}. The channel will not change significantly between different hops. In this case, for both the diagonal hopping pattern of SRS-Pos and the hopping pattern of SRS-MIMO, the positioning accuracy can meet the requirements for RedCap UE.
[bookmark: _GoBack]Proposal 2: Both the diagonal hopping pattern of SRS-Pos and the hopping pattern of SRS-MIMO can be supported.
Parameters to configure frequency hopping for SRS Tx hopping
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 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 parameters to configure frequency hopping for SRS. 
Proposal 3: UL Tx frequency hopping pattern information should include the following SRS-Pos resource configuration information in time domain and frequency domain.
· 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 subject to UE capability
SRS-Pos collision rules
The following agreement was achieved in RAN1#112bis-e related to SRS-Pos collision rules [1].
	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



In Rel-17, when the UL SRS-Pos conflicts with other uplink channels/signals (e.g., PUSCH and PUCCH), the SRS-Pos is dropped without affecting the transmission of PUSCH/PUCCH. For RedCap UEs positioning with UL frequency hopping, it may take 5 frequency hops 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 window so that the RedCap UEs can sequentially transmit SRS-Pos signals with UL frequency hopping multiple times without being interrupted by PUSCH/PUCCH.
Proposal 4: Support the following parameters for UL time window indication from gNB to UE (Option 1),
· UL time window ID(Indicates the pre-configured ID for UL time window configuration)
· starting slot/symbol
· Periodicity
· Duration(indicates the length of DL-PRS processing window)
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 [3]:
	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


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. Therefore, a single measurement gap should be configured to overlap with at least 1 DL PRS hopping sequence. As measurement gap is determined by RAN4, we support to send an LS to RAN4 to check if there is any issue to support the above enhancement.
Proposal 5: For DL PRS Rx hopping using measurement gap(s), a single measurement gap should be configured to overlap with at least 1 DL PRS hopping sequence.
· Send an LS to RAN4 to check if there is any issue to support the above enhancement.
The use of PRS processing window (PPW) or not
In 3GPP Rel-17, UE is limited that it 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 configuration of the PPW is to reduce positioning latency, and a UE is expected to measure the DL PRS within the 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 PPWs based BWP frequency retuning method can be used to reduce the retuning time compared to BWP switching method. Multiple PPWs 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 PPWs 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 6: For RedCap UE positioning with DL Rx frequency hopping, support the use of PPW, e.g., one/multiple PPWs based BWP frequency retuning 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 as the candidate solutions: 
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 7: For RedCap UEs positioning in HD-FDD, collision handling rules for DL PRS and other UL signals/channels within PPW should be defined by the one of 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 8: 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 proposals.
Proposal 1: An indicator is needed to indicate how many received hops or which received hops were used in the measurement report.
Proposal 2: Both the diagonal hopping pattern of SRS-Pos and the hopping pattern of SRS-MIMO can be supported.
Proposal 3: UL Tx frequency hopping pattern information should include the following SRS-Pos resource configuration information in time domain and frequency domain.
· 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 subject to UE capability
Proposal 4: Support the following parameters for UL time window indication from gNB to UE (Option 1),
· UL time window ID(Indicates the pre-configured ID for UL time window configuration)
· starting slot/symbol
· Periodicity
· Duration(indicates the length of DL-PRS processing window)
Proposal 5: For DL PRS Rx hopping using measurement gap(s), a single measurement gap should be configured to overlap with at least 1 DL PRS hopping sequence.
· Send an LS to RAN4 to check if there is any issue to support the above enhancement.

Proposal 6: For RedCap UE positioning with DL Rx frequency hopping, support the use of PPW, e.g., one/multiple PPWs based BWP frequency retuning method.
Proposal 7: For RedCap UEs positioning in HD-FDD, collision handling rules for DL PRS and other UL signals/channels within PPW should be defined by the one of 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 8: 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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