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1 Introduction
In last meeting, RAN4 has discussed general RRM impact of the redcap positioning with conclusions captured in [1]. RAN1#112bis-e meeting has also discussed the work item and the agreements were captured in [2]. In this paper, we further discuss the potential RRM requirements for Redcap positioning based on RAN1 progress. 
2 Discussion
In last meeting, the scope of redcap positioning was discussed and it was agreed to define requirements in RRC_CONNECTED and RRC_INACTIVE for redcap UE without frequency hopping. And we think the same conclusions should be also applied to redcap UE with frequency hopping. For the requirements for redcap UE in RRC_IDLE, it has been agreed in LPHAP feature to introduce and the requirements discussion would also be introduced in LPHAP. 
Proposal 1: Define requirements for RedCap UE positioning with frequency hopping in RRC_CONNECTED and RRC_INACTIVE. 
[bookmark: OLE_LINK39][bookmark: OLE_LINK40]Proposal 2: The requirements for redcap UE positioning in RRC_IDLE can be discussed in LPHAP part. 
For the PRS measurements without frequency hopping, the measurement procedure for redcap UE should be same as that for R17 positioning. Referring to the R17 features i.e. 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, all these features are feasible for both 1Rx and 2Rx redcap UE. And the existing requirements can be reused for 2Rx redcap UE. For 1Rx redcap UE, the measurement period requirements can be reused while the accuracy requirements need to be further evaluated which is under simulation. 
Proposal 3: PRS requirements for both 1Rx and 2Rx RedCap UE without FH shall be defined for all the Rel-16/Rel-17 positioning features/techniques. 
In last meeting, it was agreed to reuse R17 side condition for AWGN channel but FFS for fading channel. To evaluate the side condition, based on the updated simulation assumption [3], we provide some simulation results for 1Rx redcap UE without frequency hopping in [4]. 
From the simulation results, we can see that the performance for fading channel becomes much worse when reusing R17 side condition. And when the side condition is increased to [-3, -6, -6]dB for timing measurements and to [-3, -10, -10]dB for RSRP measurements, the performance can be comparable to R17 requirements. 
Proposal 4: For 1Rx redcap UE without FH, reuse approximately Rel-17 accuracy requirements and relax the side condition for fading channel. 
For the redcap UE with frequency hopping, RAN1 has the following agreements in RAN1#112bis-e meeting: 
	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
[bookmark: OLE_LINK41][bookmark: OLE_LINK42]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.


Based on the RAN1 agreements, the measurement report for redcap UE can be based on one or more received hops. It means there will be two different implementations on frequency hopping, the first one is UE/gNB receives multiple hops and perform one measurement based on all the received resources and the second one is UE/gNB performs measurement for each of the received hop. We understand the requirements including measurement period and measurement accuracy for the two cases are different and need to be defined separately. 
Proposal 5: 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
For case 2, we understand the requirements should be defined for each hop and procedure would be same as that for Rel-17 or for the case that without frequency hopping. In such case, the existing requirements can be reused. 
For case 1, the measurement period requirements can take Rel-17 requirements as baseline with the update on the definition of Tavailable and Lavailable. For the accuracy requirements, the simulation evaluation is needed during performance part. 
Proposal 6: The existing Rel-17 measurement period and accuracy requirements can be used as baseline for each hop in case 2.  
Proposal 7: The measurement period requirements for case 1 can take Rel-17 requirements as baseline with the update on the definitions of Tavailable and Lavailable.
3 Summary
In this paper, we discuss the RRM aspects on Redcap positioning and the following proposals are given: 
Proposal 1: Define requirements for RedCap UE positioning with frequency hopping in RRC_CONNECTED and RRC_INACTIVE. 
Proposal 2: The requirements for redcap UE positioning in RRC_IDLE can be discussed in LPHAP part. 
Proposal 3: PRS requirements for both 1Rx and 2Rx RedCap UE without FH shall be defined for all the Rel-16/Rel-17 positioning features/techniques. 
Proposal 4: For 1Rx redcap UE without FH, reuse approximately Rel-17 accuracy requirements and relax the side condition for fading channel. 
Proposal 5: 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
Proposal 6: The existing Rel-17 measurement period and accuracy requirements can be used as baseline for each hop in case 2.  
Proposal 7: The measurement period requirements for case 1 can take Rel-17 requirements as baseline with the update on the definitions of Tavailable and Lavailable.
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Annex RAN1 agreements on Redcap positioning
RAN1#112bis-e: 
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

Agreement
Confirm the following working assumption by assuming that Msg3 indication is available
Working Assumption
· For UE BB complexity reduction, a UE is able to receive a Msg4 PDSCH resource allocation spanning a bandwidth of more than ~5 MHz per slot.
· The UE is not required to process a Msg4 PDSCH with a larger number of PRBs than 25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS.

Agreement
Update the agreements for SI PDSCH with the clarification as follows:
· For UE BB bandwidth reduction, for SIB1 (PDSCH),
· Allow the scheduling of SIB1 to be larger than 5 MHz (as in legacy operation). The scheduling of SIB1 PDSCH is allowed to be larger than 25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS.
· For UE BB bandwidth reduction, for broadcast OSI (PDSCH),
· Allow the scheduling of broadcast OSI (PDSCH) to be larger than 5 MHz (as in legacy operation). The scheduling of OSI PDSCH is allowed to be larger than 25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS.

Agreement
Down-select one among the following options in RAN1#113:
· Option 1:
· For the “FFS: value(s) of X”,
· X = 0.5/0.25 ms for 15/30 kHz SCS
· Note: Legacy default TDRA table and Δ are reused.
· A network-configurable additional separate early indication in Msg1 for Rel-18 eRedCap UEs is not supported.
· When Msg1 indication for Rel-17 RedCap UEs is configured, it is used by Rel-18 eRedCap UEs (with or without UE BB bandwidth reduction).
· Option 2:
· For the “FFS: value(s) of X”,
· X = 1/0.5 ms for 15/30 kHz SCS
· Note: Legacy default TDRA table and Δ are reused.
· A network-configurable additional separate early indication in Msg1 for Rel-18 eRedCap UEs is not supported.
· When Msg1 indication for Rel-17 RedCap UEs is configured, it is used by Rel-18 eRedCap UEs (with or without UE BB bandwidth reduction).
· Option 3:
· For the “FFS: value(s) of X”,
· X = 1/0.5 ms for 15/30 kHz SCS
· FFS: Whether legacy default TDRA table and Δ are reused.
· A network-configurable additional separate early indication in Msg1 for Rel-18 eRedCap UEs is supported.
· When Msg1 indication for Rel-18 eRedCap UEs is configured, it is used by Rel-18 eRedCap UEs (with or without UE BB bandwidth reduction).
· Option 4:
· For the “FFS: value(s) of X”,
· X = 0.5/0.25 ms for 15/30 kHz SCS
· Note: Legacy default TDRA table and Δ are reused.
· A network-configurable additional separate early indication in Msg1 for Rel-18 eRedCap UEs is supported.
· When Msg1 indication for Rel-18 RedCap UEs is configured, it is used by Rel-18 eRedCap UEs (with or without UE BB bandwidth reduction).

Conclusion
For UE BB bandwidth reduction, for autonomous SI acquisition, the following paragraph in TS 38.214 clause 5.1 still applies:
· “The UE is expected to decode a PDSCH scheduled with C-RNTI, MCS-C-RNTI, or CS-RNTI during a process of autonomous SI acquisition.”
· FFS: Msg4 PDSCH scheduled by TC-RNTI case

Agreement
The potential timeline relaxations for the following cases are FFS:
· For 2-step RACH:
· Case 2a: Between reception of fallbackRAR and transmission of Msg3
· Case 2b: Between reception of successRAR and transmission of corresponding HARQ-ACK
· For 4-step RACH:
· Case 4a: Between reception of RAR PDSCH in which UE does not correctly receive the transport block and upcoming transmission of PRACH
· Case 4b: Between reception of RAR with RAPID which is not associated with the corresponding PRACH transmission and upcoming transmission of PRACH

Agreement
Draft LS R1-2304258 is endorsed in principle with changing “to specify” to “to consider”. Final LS is approved in R1-2304262.
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