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Introduction
The Rel-18 WID [1] investigates positioning accuracy enhancement with advanced techniques of  proposed the Redcap positioning. RAN4 has been assigned the following objectives.  
	· 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 the last meeting, we mainly discussed the PRS measurement requirements without frequency hopping. However, based on RAN1 progress, we shall consider the with frequency hopping in this meeting.
Discussion
2.1  PRS measurement with frequency hopping
Firstly we shall clarify the scenario for the frequency. The bandwidth of the positioning reference signal is larger than the UE channel bandwidth, and it is not possible to effectively transmit traffic at this time. If frequency hopping is used, the existing problem can be solved. For example, currently for redcap UEs, the effective bandwidth in FR1 is 20 MHz, so using frequency hopping increases the bandwidth from 20 MHz to 80 MHz. Equivalent to transmitting a PRS with a bandwidth of 80 MHz.For both uplink and downlink frequency hopping supported by the UE, the UE needs to report the maximum number of frequency hopping supported. For each frequency hopping, the maximum PRS bandwidth supported depends on the current UE's capabilities. Currently, the bandwidth is 20 MHz in FR1 and 100 MHz in FR2. If in FR1, the maximum bandwidth of the PRS is 20 MHz, and the UE reports a maximum of 5 frequency hops. After cascading, the total bandwidth that can be achieved is 80 MHz. During this process, the UE reports its capabilities, and the network side evaluates and configures the UE, depending on the network configuration, as below:


Figure 1 frequency hopping
The following specific analysis of the configuration of RS frequency hopping mainly discusses two effective situations, as follows:
Frequency hopping within one resource
[image: hopping 1]
Figure 2 frequency hopping within one resource
Divide a resource into several parts in frequency domain, each corresponding to a hop, receive these hops in different symbols, and finally combine them and the three hopping parts refer to different symbols of one RS resource.
Frequency hopping within one resource set
[image: hopping 2]
Figure 3 frequency hopping within one resource set
A resource set contains different resources, such as resource 1, resource 2, and resource 3.... However, the frequency range of these different resources is inconsistent. Therefore, using similar methods, different resources correspond to different hops, and ultimately different resources are combined as a whole.
Based on the above scenarios, it is likely to clarify the scenario of the DL-PRS measurement frequency hopping. This scenario is mainly based on the RAN4 legacy issue. In R16/R17 positioning, when a measurement gap measures DL-PRS, only PRS measurements are performed. PRS is sent periodically, and measurements are performed in a measurement gap. UE can measure DL-PRS resources inside or outside (different numerology) active DL BWP. In such case, it is straightforward to support UE to measure and process DL-PRS resource of multiple frequency hops during a configured measurement gap. During this repetition process, a portion of  PRS is selected as below (which can be 20 MHz, as previously mentioned, the redcap UE is 20 MHz in FR1).
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   Figure 4  DL-PRS frequency hopping inside the MG
According to the agreements in [2], we mainly talked about the Redcap UE positioning without frequency hopping and we have specified the RRC states and confirmed the measurement requirements structure. However, the basic scenarios  and the issues related to the measurement requirements for the Redcap UE positioning with frequency hopping have not been discussed so far since the requirements for Redcap UE positioning with frequency hopping is strongly link to RAN1’s progress and the outcomes. The several issues should be discussed:
	Issue 2-1-2: Applicable RRC states for Redcap positioning with FH:
· Proposals
· Option 1: CATT, Nokia 
· Define requirements for RedCap UE positioning with frequency hopping in RRC_CONNECTED and RRC_INACTIVE.
· Option 1A: CATT
· The requirements for redcap UE positioning in RRC_IDLE can be discussed in LPHAP part.
· Option 2: OPPO 
· For RedCap UE with FH, prioritize RRM requirements in RRC connected state.
· Option 3: HW 
· For RedCap UE positioning with FH, RAN4 to decide whether to define requirements for INACTIVE/IDLE after requirements for CONNECTED are stable.
· Option 4: QC
· FFS define requirements for RedCap positioning with frequency hopping in RRC_IDLE state
· Recommended WF
· Discuss the options.


From my point of view, option 1-3 are not conflicted with each other, the requirements with frequency hopping in RRC_CONNECTED state has to be studied. The current issue is that whether to study the RRC_INACTIVE state or not. As for the RRC_INACTIVE state, the REL-18 has already agreed that reuse the value of eRDX in RRC_IDLE state, that is, the eDRX value in RRC_INACTIVE state will be up to ~2.92h and the Redcap UE may be stay longer in RRC_INACTIVE state compared to MBB UE, so RAN4 has responsibility to define the measurement requirements in RRC_INACTIVE state. But in legacy requirements, we do not define the requirements for Redcap positioning with frequency hopping even the Redcap positioning without frequency which is discussed in LPHAP, so the details may be discussed in the further meeting. For option 1A, it’s just said that the requirements for redcap UE positioning in RRC_IDLE can be discussed in LPHAP part, but I just deem that what RAN4 what is being discussed in LPHAP part is related to the Redcap UE positioning without frequency hopping, so option 1A may be meaningless for Redcap UE positioning with frequency hopping. Nevertheless, whether to define the requirements in RRC_IDLE state shall be FFS.
Observation 1: The Redcap UE may be stay longer in RRC_INACTIVE state compared to MBB UE.
Observation 2: RAN4 does not define the requirements for Redcap positioning with frequency hopping even the Redcap positioning without frequency in the legacy stage which is discussing in LPHAP, so the details for defining requirements in RRC_INACTIVE state may be studied in the further meeting.
Proposal 1: For RedCap UE positioning with frequency hopping, RAN4 shall study the requirements in RRC_INACTIVE and RRC_CONNECTED state, but the requirements for RedCap UE positioning in RRC_CONNECTED has the higher priority.
	Issue 2-1-3: Relation with Rel-16/Rel-17 positioning for PRS measurements without FH
Agreements:
· PRS requirements for both 1Rx and 2Rx RedCap UE without FH shall be defined for all the Rel-16/Rel-17 positioning features/techniques.



First of all , we need to specify the R16/R17 positioning features/techniques as below:
	Rel-16 (without enhancements) features/techniques refer to: 
· Measurement with gaps in RRC connected, 
· 4-samples measurement in RRC connected.
Rel-17 (with enhancements) features/techniques refer to: 
· Measurement without gaps in RRC connected, 
· Measurement in RRC inactive, 
· Reduced-sample measurement in RRC connected/inactive, 
· Tx/Rx timing mitigation with TEG in RRC connected/inactive, 
· FR2 with reduced Rx beam sweeping factor in RRC connected/inactive.


And also we know that :
· For FR1, UE supports either 1Rx branches or 2Rx branches (1Rx Redcap UE or 2Rx Redcap UE),
· For FR2, UE supports only 2Rx branches (2Rx Redcap UE),
· The original situation is 2Rx UE and 4Rx UE (normal UE).
Based on above, the current issues are whether 1Rx Redcap UE can support the enhancements in R17. At least the FR2 with reduced Rx beam sweeping factor in RRC_CONNECTED/INACTIVE in R17 features/techniques is not proper for 1Rx Redcap UE positioning with frequency. For the measurement in INACTIVE state in R17 features, if the issue 2-1-4 agrees that the requirements for Redcap UE positioning with frequency hopping shall be studied in RRC_INACTIVE state the measurement in INACTIVE can be met for 1Rx UE positioning with frequency hopping (R17 features/techniques with enhancement). And as for the R16 features/techniques which is basic requirements without the enhancements, the Redcap UE positioning without or with frequency hopping whatever 1Rx Redcap UE or 2Rx Redcap UE can be met. 
Observation 3: 
· For FR1, UE supports either 1Rx branches or 2Rx branches (1Rx Redcap UE or 2Rx Redcap UE),
· For FR2, UE supports only 2Rx branches (2Rx Redcap UE),
· The original situation is 2Rx UE and 4Rx UE (normal UE).
Proposal 2: At least the FR2 with reduced Rx beam sweeping factor in RRC_CONNECTED/INACTIVE in R17 features/techniques is not proper for 1Rx Redcap UE positioning with frequency.
Proposal 3: If defining requirements for RedCap UE positioning with frequency hopping in RRC_CONNECTED and RRC_INACTIVE, the measurement in INACTIVE can be met for 1Rx UE positioning with frequency hopping (R17 features/techniques with enhancement).
	Issue 2-3-1: When to start PRS measurements for RedCap with FH?
· Proposals
· Option 1: HW, E///, QC, Nokia
· RAN4 to wait for more progress in RAN1 before starting to work on detailed PRS measurement period requirements with frequency hopping for RedCap UEs.
· Recommended WF
· Discuss the option.
Issue 2-3-2: Scenarios for PRS measurements for RedCap with FH
· Proposals
· Option 1: CATT
· Define measurement requirements for the following cases separately:  
· Case 1: A single measurement is reported based on receiving multiple hops of the DL PRS or UL SRS for positioning
· Case 2: One [or more] measurements are reported where each measurement is associated with one received hop
· Recommended WF
· Discuss the option.



The above issues mainly should be studied related to RAN1’s progress and outcomes, and in RAN1 #113 meeting the agreements as below:
	Agreement
The previous agreement is updated as follows:
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 a 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
From RAN1 perspective, for DL PRS Rx hopping, a single instance of a measurement gap is used for receiving all the hops for DL PRS with Rx frequency hopping.
· Note: this does not assume that the reported measurement has to be based on a single instance of a measurement gap
· Send an LS to RAN4 to confirm RAN1’s understanding, and if needed ensure that the measurement gap has the proper duration.

Agreement
The draft LS in R1-2306226 is endorsed with the following changes:
· In the Rel-18 WI Expanded and Improved NR Positioning, in the agenda item “Positioning for redcap UEs”, RAN1 is agreed the use of a single instance of a measurement gap for receiving all the hops for DL PRS with Rx frequency hopping: 
· RAN1 kindly respectfully asks RAN4
Final LS in R1-2306227.



From RAN1 perspective, for DL PRS Rx hopping, a single instance of a measurement gap is used for receiving all the hops for DL PRS with Rx frequency hopping, and also RAN1 sent the LS to RAN4 to confirm the feasibility. To the best of my belief, if the multiple gaps were used, the time gap in between MG occasions will make it difficult for UE to compensate phase offset and there may be no performance gain from using FH. On the other hand, RF session has already stipulated that the time switching between adjacent hops is {40us, 170us, 210us}, the time for switching is small enough compared to a proper MGL such as 20ms. For this reason, I deem that for DL PRS Rx hopping, a single instance of a measurement gap is used for receiving all the hops for DL PRS with Rx frequency hopping.
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  measurement where a measurement is associated with one received hop
I reckon that if RAN4 confirmed the above issue (a single instance of MG) and RAN4 agrees that the measurement requirements including measurement period requirements is necessary for the Redcap UE positioning with frequency hopping, but if RAN4 agreed that the measurement is within one measurement gap, and also based on the RAN1’s agreements in 112bis_e meeting:
For positioning for RedCap UEs with DL PRS Rx Hopping, the UE hops within a DL PRS resource
the  measurement period requirements can be considered for both of two cases.
Observation 4:  The measurement is within one measurement gap (if confirmed) and for positioning for RedCap UEs with DL PRS Rx Hopping, the UE hops within a DL PRS resource.
Proposal 4: RAN4 shall consider and study the measurement period requirements for both of two cases the RAN1 proposed.
Conclusion
The following observations and proposals are made:
Observation 1: The Redcap UE may be stay longer in RRC_INACTIVE state compared to MBB UE.
Observation 2: RAN4 does not define the requirements for Redcap positioning with frequency hopping even the Redcap positioning without frequency in the legacy stage which is discussing in LPHAP, so the details for defining requirements in RRC_INACTIVE state may be studied in the further meeting.
Proposal 1: For RedCap UE positioning with frequency hopping, RAN4 shall study the requirements in RRC_INACTIVE and RRC_CONNECTED state, but the requirements for RedCap UE positioning in RRC_CONNECTED owns the higher priority.
Observation 3: 
· For FR1, UE supports either 1Rx branches or 2Rx branches (1Rx Redcap UE or 2Rx Redcap UE),
· For FR2, UE supports only 2Rx branches (2Rx Redcap UE),
· The original situation is 2Rx UE and 4Rx UE (normal UE).
Proposal 2: At least the FR2 with reduced Rx beam sweeping factor in RRC_CONNECTED/INACTIVE in R17 features/techniques is not proper for 1Rx Redcap UE positioning with frequency.
Proposal 3: If defining requirements for RedCap UE positioning with frequency hopping in RRC_CONNECTED and RRC_INACTIVE, the measurement in INACTIVE can be met for 1Rx UE positioning with frequency hopping (R17 features/techniques with enhancement).
Observation 4:  The measurement is within one measurement gap (if confirmed) and for positioning for RedCap UEs with DL PRS Rx Hopping, the UE hops within a DL PRS resource.
Proposal 4: RAN4 shall consider and study the measurement period requirements for both of two cases the RAN1 proposed.
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