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Introduction
During RANP#98, new WID on Expanded and Improved NR Positioning has been approved [1], where the objective for the support of RedCap positioning is excerpted as follows.
	· 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].



In this paper, we present our views on PRS frequency hopping and SRS frequency hopping, respectively, and discuss some potential enhancement and spec impacts.

Discussion on PRS frequency hopping
For DL-PRS frequency hopping reception, two candidate solutions proposed by companies during SI phase are on the table, as shown in Figure 2- 1. To clarify the differences, we elaborate on the two candidates separately below.
Alt 1. Wide-band DL-PRS transmission (legacy scheme)
In this solution, the TRP transmits a “wide-band” PRS while the receiver (RedCap UE) performs the reception in a frequency hopping way. For the TRP side, there would be no difference from the case to support the positioning service for legacy eMBB UEs. However, there could be RAN4 impacts from the UE side, e.g., how to perform the measurement of a narrowband PRS from a wideband one.
Alt 2. DL-PRS frequency hopping transmission (PRS Tx hopping)
Another way to achieve frequency hopping based reception of DL PRS is to enable PRS Tx hopping for the TRP. In other words, the TRP transmits a set of “narrow-band” PRS each complied with the RedCap UE bandwidth via frequency hopping, where the total occupied bandwidth could be larger than the RedCap UE bandwidth, and RedCap UE performs the reception correspondingly.
Alt 1. Wideband DL-PRS transmission
Alt 2. DL-PRS frequency hopping transmission

[bookmark: _Ref125881026]Figure 2- 1 Illustration of DL-PRS frequency hopping reception
Before diving into further discussion, we think that the selection from the two alternatives should be firstly discussed.
Observation 1: During SI phase, two candidate solutions for the support of PRS frequency hopping based reception for RedCap UEs were considered, including
· Alt 1. Frequency hopping based reception with a wide-band PRS transmission
· Alt 2. Frequency hopping based reception with a frequency hopping based PRS transmission

If we go to Alt.2 where the TRP performs PRS transmission in a frequency hopping way, there would be huge spec impact since it was not supported in previous releases. Besides, the network needs to consider different PRS configurations for a RedCap UE and an eMBB UE, and even for different RedCap UEs, which increase the burden for resource allocation. Thus, we think PRS Tx hopping should be treated as low priority in the WI discussion.
Proposal 1: PRS Tx hopping is considered as low priority.
As for Alt.1, it is more resource-efficient since the eMBB UE and RedCap UE can share the same wide-band PRS signal, and the spec impact could be kept to a minimum. Nevertheless, no matter whether for wide-band PRS transmission or PRS Tx hopping, from the perspective of RedCap UE, the key issue being how to perform Rx hopping. We think the main discussion may lie in the RRM requirements, which is deemed to be RAN4’s responsibility.
Proposal 2: Send LS to RAN4 to inquire the RRM requirements for PRS Rx hopping assuming the PRS configuration is beyond RedCap bandwidth.

Discussion on SRS frequency hopping
Recap of SI discussion
For SRS frequency hopping, the opinions are quite unanimous that RedCap UE should transmit a set of “narrow-band” SRS in a frequency hopping way while the total occupied bandwidth may exceed the maximum RedCap UE bandwidth. During the SI phase, a couple of companies have provided the evaluation for the impacts of time gap between adjacent hops on the positioning performance for RedCap UEs using Rx hopping for DL PRS reception or Tx hopping for UL SRS transmission, which was captured in TR 38.859 [2].
	[bookmark: _Hlk126658617][bookmark: _Hlk124331790][bookmark: _Hlk124331170][bookmark: _Hlk124331143]Regarding the performance for positioning of Redcap UEs using Rx hopping for reception of the DL PRS or Tx hopping for transmission of the UL SRS in IIoT scenarios, considering time gap between hops:
·  In FR1 for InF SH, based on the results provided by the following sources: 
· For UL-TDOA, results in [R1-2210905, Huawei, HiSilicon] shows that the requirement can be met for a gap of 1ms and cannot be met for a gap of 5ms. 
· For DL-TDOA, results in [R1-2210905, Huawei, HiSilicon] shows that the requirement can be met for a gap of 1ms and cannot be met for a gap of 5ms. 
· For DL-TDOA, results in [R1-2211016, vivo] shows that the requirement can be met for a gap of 4ms. 
· For DL-TDOA, results in [R1-2212743, ZTE] shows that the requirement can be met for a gap of 1ms and cannot be met for a gap of more than 2ms.
· For DL-TDOA, results in [R1-2212517, Ericsson] shows that the requirement can be met for a gap of 5ms. 



[bookmark: _Hlk125883105]Observation 2: A small time gap between hops (e.g., < 5ms) is required to meet the target performance requirements for positioning of Redcap UEs using Tx hopping for SRS transmission in IIoT scenarios.

It also implies that a complete hopping process (i.e. five consecutive hops) should be completed in a short time (e.g. one frame) for accurate positioning, which is rather challenging especially for TDD system with scarce uplink resources. Figure 3.1- 1 presents the time duration of a complete hopping process (i.e. five consecutive hops) with varying time gaps between adjacent hops. For example, to guarantee a complete hopping process (i.e. five consecutive hops) to be finish within 2 slots, the average time gap between adjacent hops should be no more than 140us (4 symbols). Even when taking the flexible timeslot into account, the average time gap should be no more than 267us (8 symbols). Therefore, it means a short switching time (e.g., sub-ms level) between adjacent hops is required to meet the target requirements.
[bookmark: _Ref114838430]Figure 3.1- 1 Illustration of time duration of a complete hopping process (i.e. five hops) UL: DL=2:8, SCS = 30kHz
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Observation 3: Fast switching of SRS Tx transmission (e.g., sub-ms level switching time) between adjacent hops to enable Tx frequency hopping is required for RedCap UEs to meet the target requirements.

Recall that Rel-17 already supports INACTIVE state SRS transmission outside initial UL BWP, which could provide some initial thoughts on SRS frequency hopping transmission for RedCap UEs in INACTIVE state, as well as some insights into that for CONNECTED state. In the following, we present our views on SRS Tx hopping for RedCap UEs in RRC_INACTIVE state and RRC_CONNECTED state, respectively.

SRS Tx hopping for RedCap UEs in RRC_INACTIVE state
For RRC_INACTIVE UE, we first made the following agreements on SRS transmission during Rel-17 RAN1#107-e. Furthermore, for Option 2 of SRS transmission in RRC_INACTIVE, a UE capability for switching time between SRS Tx and other Tx in initial UL BWP or Rx in initial DL BWP is introduced, which can be considered as a baseline for the study of fast switching of SRS Tx transmission between adjacent hops for RedCap positioning adopting frequency hopping.
	[bookmark: _Hlk114481062]Agreement
· The following options are supported for SRS for positioning transmission by RRC_INACTIVE UEs:
· Option 1:
· Subject to UE capability (which is a prerequisite for option 2), a UE may be configured with an SRS for Positioning associated with the initial UL BWP and transmitted, during the RRC_INACTIVE state, inside the initial UL BWP with the same CP and SCS as configured for initial UL BWP.
· Option 2:
· Subject to UE capability, a UE may be configured with an SRS for Positioning where the following parameters are additionally configured for the transmission of the SRS for Positioning during the RRC_INACTIVE state: frequency location and bandwidth, SCS, CP length. 
· The UE shall not transmit the SRS for Positioning when it is expected to perform UL transmissions in the initial UL BWP in RRC_INACTIVE state.



	Agreement
For Option 2 of SRS for positioning transmission in RRC_INACTIVE, the UE capability of switching time between SRS Tx and other Tx in initial UL BWP is introduced also for FDD.
· The switching time value(s) are left up to RAN4 discussion
· If the transmission of SRS for positioning with the switching time collides in time domain with other UL transmission for FDD, the SRS for positioning transmission is dropped in the symbols where the collision occurs.



[bookmark: _Hlk124410538]Following Option 2 INACTIVE state SRS transmission outside initial UL BWP, SRS transmission pattern can be defined independent of initial UL BWP. As illustrated in Figure 3.2- 1, SRS transmission for several consecutive hops could be performed regardless the initial BWP in frequency domain. 
[bookmark: _Hlk124427047]Proposal 3: Following Rel-17 Option 2 of SRS for positioning transmission in RRC_INACTIVE, SRS transmission in a frequency hopping way outside the initial UL BWP is supported for RedCap UEs.
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Figure 3.2- 1 Illustration of time duration of a complete hopping process (i.e. five hops)

Note that the switching time between SRS Tx and other Tx in initial UL BWP is defined as UE capability in Rel-17, which can also be applied to SRS Tx hopping for RedCap UEs in RRC_INACTIVE, as denoted by switching time T0 in Figure 3.2- 1. While for the switching time between SRS Tx hopping of adjacent hops (switching time T1), it is not specified before and some preliminary discussions were carried out in RAN1#110bis-e, and the following agreement was achieved for the evaluation purpose.
	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



However, the above agreement only provides a guideline for the evaluation, consensus has not been reached on the achievable minimum value for the gap, which may fall into RAN4 expertise. 
Proposal 4: Ask RAN4 on the achievable switching time for SRS Tx hopping.

SRS Tx hopping for RedCap UEs in RRC_CONNECTED state
For RedCap UEs in RRC_CONNECTED state, the SRS Tx hopping transmission can be also achieved along the same lines as that for RRC_ INACTIVE UE. In other words, to enable frequency hopping beyond maximum RedCap UE bandwidth for positioning purpose, SRS transmission outside the active UL BWP should be allowed.
Proposal 5: Support SRS transmission outside the active UL BWP to support SRS Tx hopping based positioning of RedCap UEs in RRC_CONNECTED state.

Another issue is that the existing posSRS configuration mechanism may be not workable if the SRS Tx hopping is introduced. Note that in current spec, posSRS configuration is defined within an active BWP, which is included in IE BWP-UplinkDedicated. The key issue lies in how to design the posSRS configuration to achieve the SRS frequency hopping transmission pattern. 
	-- ASN1START
-- TAG-BWP-UPLINKDEDICATED-START

BWP-UplinkDedicated ::=             SEQUENCE {
    pucch-Config                 SetupRelease {PUCCH-Config}             OPTIONAL,   -- Need M
    pusch-Config                 SetupRelease {PUSCH-Config}             OPTIONAL,   -- Need M
    configuredGrantConfig        SetupRelease {ConfiguredGrantConfig}    OPTIONAL,   -- Need M
    srs-Config                   SetupRelease {SRS-Config}               OPTIONAL,   -- Need M
    beamFailureRecoveryConfig    SetupRelease {BeamFailureRecoveryConfig} OPTIONAL,   -- Cond SpCellOnly
...,

---irrelevant omitted----------

}

-- TAG-BWP-UPLINKDEDICATED-STOP
-- ASN1STOP



To realize the UL-SRS frequency hopping transmission pattern, we can introduce a virtual BWP whose bandwidth could be larger than that of any active UL BWP (i.e. 20MHz). In this way, the SRS Tx hopping pattern can be defined within the virtual BWP. 
Proposal 6: Define a virtual BWP beyond maximum RedCap UE bandwidth to achieve SRS Tx hopping pattern for RedCap UEs. 

Discussion on overlapped frequency hopping
During SI phase, when discussing the potential enhancements for frequency hopping of the DL PRS and UL SRS to meet the positioning requirements for RedCap UEs, it was well accepted that partial overlapping between hops are helpful to address the random phase offset issue and improving the positioning accuracy. A couple of companies also provide related simulation results [2].
	Regarding the performance for positioning of Redcap UEs using frequency hopping in IIoT scenarios, considering phase offset between hops:
 -	In FR1, based on the results provided by the following sources: 
-	If the phase offset between hops in frequency hopping is compensated, for InF-SH, the positioning requirement for IIOT use cases can be achieved using frequency hopping with partial overlap for the purpose of phase offset compensation,  
-	Results in [R1-2210905, Huawei, HiSilicon] show that UL TDOA can meet the requirements.
-	Results in [R1-2210905, Huawei, HiSilicon], [R1-2209217, ZTE], and [R1-2211016, vivo] show that DL TDOA can meet the requirements.
· Results in [55], show that the requirement cannot be met, even if the phase is compensated.



To enable the partial overlapping between hops, RAN1 should study the potential specification impacts for frequency hopping based PRS reception and SRS transmission (for RedCap UEs in RRC_INACTIVE and RRC_CONNECTED state) respectively. For PRS frequency hopping, UE can perform Rx reception to achieve the partial overlapping if the PRS measurement configuration is well designed. While for SRS frequency hopping based transmission, potential enhancements of SRS configuration to enable overlapped Tx transmission should be supported.
Proposal 7: The enhancements of SRS configuration should be supported to enable partial overlaps between hops for RedCap UEs.

Conclusion
In this contribution, we present provide our views on the PRS frequency hopping and SRS frequency hopping to meet the target requirements for RedCap positioning. Based on the above analysis, we have the following observations and proposals.
Observations:
Observation 1: During SI phase, two candidate solutions for the support of PRS frequency hopping based reception for RedCap UEs were considered, including
· Alt 1. Frequency hopping based reception with a wide-band PRS transmission
· Alt 2. Frequency hopping based reception with a frequency hopping based PRS transmission
Observation 2: A small time gap between hops (e.g., < 5ms) is required to meet the target performance requirements for positioning of Redcap UEs using Tx hopping for SRS transmission in IIoT scenarios.
Observation 3: Fast switching of SRS Tx transmission (e.g., sub-ms level switching time) between adjacent hops to enable Tx frequency hopping is required for RedCap UEs to meet the target requirements.

Proposals:
Proposal 1: PRS Tx hopping is considered as low priority.
Proposal 2: Send LS to RAN4 to inquire the RRM requirements for PRS Rx hopping assuming the PRS configuration is beyond RedCap bandwidth.
Proposal 3: Following Rel-17 Option 2 of SRS for positioning transmission in RRC_INACTIVE, SRS transmission in a frequency hopping way outside the initial UL BWP is supported for RedCap UEs.
Proposal 4: Ask RAN4 on the achievable switching time for SRS Tx hopping.
Proposal 5: Support SRS transmission outside the active UL BWP to support SRS Tx hopping based positioning of RedCap UEs in RRC_ CONNECTED state.
Proposal 6: Define a virtual BWP beyond maximum RedCap UE bandwidth to achieve SRS Tx hopping pattern for RedCap UEs.
Proposal 7: The enhancements of SRS configuration should be supported to enable partial overlaps between hops for RedCap UEs.
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