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1. Introduction
At the RAN#98-e meeting, new WID on Rel-18 NR positioning enhancement was agreed [1]. The work item includes objectives related to positioning support for RedCap UEs 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 contribution, we present our views on potential enhancements of positioning support for RedCap UEs for Rel-18 NR positioning.

2. Discussions
2.1. DL PRS frequency hopping
Regarding the support of PRS Processing Window (PPW) for DL PRS with frequency hopping, the following proposal was discussed at the last meeting [3].
	Proposal (conclusion) 4.1-1: PPW is not supported with DL PRS Rx hopping in Rel-18.  


RAN1 discussed the evaluation of PRS/SRS frequency hopping (FH) and concluded that the introduction of PRS/SRS frequency hopping is one possible solution to compensate for the issues associated with narrower bandwidth in SI phase. Reference signal frequency hopping can virtually enhance the bandwidth, which contributes to both obtaining more frequency diversity gain and improving the resolution of the timing-based measurement. In WI phase, RAN1 started to discuss the details of FH.
Regarding the measurement method, RAN1 agreed to support at least measurements on DL PRS with Rx frequency hopping using a measurement gap. RAN1 discussed whether the gap-less measurements for DL PRS FH with PPW is supported at the last meeting. RAN1 has agreed that UE hops within a DL PRS resource for MG-based measurement, which means UE doesn’t expect to switch BWP for DL PRS measurement. In Rel-17, PPW was introduced to support low latency positioning by avoiding the use of MG, and PPW is configured within a BWP. We agree RedCap UE can use Rel-17 PPW in the 20 MHz bandwidth. However, in order to support PPW with FH as gap-less measurement, BWP switching may be required instead, which prevents low latency positioning.
At the last meeting, some companies proposed to support only limited PPW types such as type 1A, which contributes to the network flexibility enhancement. We can agree that, and we checked the current measurement gap specification [4]. Measurement gap for positioning is configured per UE, and the common measurement gap between positioning measurement and other measurements can be configured by certain gap pattern IDs. They have measurement gap length of 3, 4, 6 ,10 ms, and measurement gap repetition period of 20, 40, 80 ms, respectively. It seems enough to cover the main gap length and gap repetition period, and it does not restrict the measurement procedures of other signals/channels. Although the common measurement gap between positioning measurement and other measurements may have potential issues about the measurement timing of either measurement for positioning or others while such issue may be resolved if PPW based positioning measurement is configured/performed separately from other measurements based on MG, as we confirmed above, current common gap has enough flexibility. Rel-18 positioning for RedCap UEs focuses on the positioning accuracy, and we do not need to consider any optimization for the measurement delay. 
Finally, if PPW is supported for FH measurement, RAN1 needs to complete the discussion on the details of PPW at this meeting. The specification impact may not be as great if the only type 1A is supported, as some companies indicated at the last meeting. However, considering that this August meeting is the last WI phase meeting in Rel-18, RAN1 should not introduce new features unless they are essential features. Therefore, we believe RAN1 may not need to support PPW with FH.
Proposal 1:
· RAN1 may not need to support PPW with FH.

2.2. UL SRS frequency hopping
Regarding the UL SRS collision rule, the following agreement was made at the last meeting [3].
	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, support both of the following options 
· 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: new collision rules between the UL SRS with frequency hopping and other UL and DL signals/channels/. Option 2 can apply without UL time window (i.e. option 1)
· FFS: details on the collision rules
· Note: it is understood that option 2 is a component of the feature for UL SRS Tx hopping (FG 41-5-2), and option 1 is a separate feature group.


In general, these options are related to the feature group discussion. Thus, we believe some part of details for both UL time window and UL SRS for positioning collision rules can be discussed in the UE feature discussion.
Regarding the FFS on option 1, it is the common understanding that the UL time window is a feature like a DL measurement gap. Thus, RAN1 should refer the measurement gap specification.
Regarding the FFS on option 2, in the current TS 38.214, the collision rule between SRS for positioning and PUSCH is described as follows [5]. 
	For operation on the same carrier, if an SRS configured by the higher parameter SRS-PosResource collides with a scheduled PUSCH, the SRS is dropped in the symbols where the collision occurs. 


There is no collision rule that SRS for positioning is expected to be transmitted while other collided signals/channels are dropped. On the other hand, the collision rules between SRS for MIMO and PUCCH/PUSCH are described as follows [5].
	the UE shall drop PUCCH/PUSCH transmission carrying periodic/semi-persistent CSI comprising only CQI/PMI/L1-RSRP/L1-SINR, and/or SRS transmission on a carrier of a serving cell in set  configured for PUSCH/PUCCH transmission whenever the transmission and SRS transmission (including any interruption due to uplink or downlink RF retuning time [11, TS 38.133] as defined by higher layer parameters switchingTimeUL and switchingTimeDL of SRS-SwitchingTimeNR) on the carrier of the serving cell  happen to overlap in the same symbol
-	the UE shall drop PUSCH transmission carrying aperiodic CSI comprising only CQI/PMI/L1-RSRP/L1-SINR on a carrier of a serving cell in set whenever the transmission and aperiodic SRS transmission (including any interruption due to uplink or downlink RF retuning time [11, TS 38.133]) as defined by higher layer parameters switchingTimeUL and switchingTimeDL of SRS-SwitchingTimeNR) on the carrier of the serving cell  happen to overlap in the same symbol.


There are collision rules that SRS for MIMO is expected to be transmitted while other collided signals/channels are dropped. It is important for UL SRS frequency hopping to transmit all hops consecutively in terms of positioning accuracy. Thus, in option 2, a new collision rule in which UE is permitted to transmit all hops of UL SRS for positioning while other signals/channels are dropped is necessary to guarantee the positioning accuracy performance.
Proposal 2:
· In option 1, RAN1 should refer the measurement gap specification for the details of UL time window.
Proposal 3:
· In option 2, a new collision rule in which UE is permitted to transmit all hops of UL SRS for positioning while other signals/channels are dropped is necessary to guarantee the positioning accuracy performance.

2.3. Measurement Reporting
Regarding the measurement reporting procedures, the following agreement and proposals were made at the last meeting [3].
	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  measurement where 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

1 hop measurement as a separate measurement:
Proposal 3.3-2: DL and UL measurements associated with one received hop are reported separately from the measurement based on multiple hops. 
· FFS: Conditions for reporting the single hop measurement as fallback to the multi-hop measurement

1 hop measurement only as fallback:
Proposal 3.3-3: a fallback DL or UL measurement associated with one received hop can be reported separately from the measurement based on multiple hops, when the measurement based on multiple-hops measurement fails.  

Proposal 3.5-2: For DL and UL measurements associated with one received hop, the measurement report can be configured includes an indication of the hop that was used to perform the measurement
· FFS: how the hop is indicated

Proposal 3.6-2: For DL and UL measurements associated with multiple received hop, the measurement report includes 
· Option 1: an indication of the hops that was used to perform the measurement
· FFS: how the hop is indicated
· Option 2: the measurement bandwidth 
· FFS: details of the measurement bandwidth


RAN1 agreed to report one single hop measurement at the last meeting. The remaining issues are as follows.
1. Whether the one received hop are reported separately from the measurement based on multiple hops
2. Whether the one received hop measurement is reported only as fallback to the multiple hop measurement
In our understanding, the motivation of FH is the positioning accuracy enhancement by extending the measured BW with concatenating multiple hops. In other words, multiple hops are necessary to achieve the band wider than 20MHz for positioning calculation. Considering the use case, reporting both single and multiple hops measurements would not be necessary, and the reporting of only multiple hop measurement seems to be sufficient. If the multiple hops measurement fails, single hop measurement is reported as fallback. 
Proposal 4:
· DL and UL measurements associated with one received hop should be reported separately from the measurement based on multiple hops.
Proposal 5:
· A fallback DL or UL measurement associated with one received hop should be reported separately from the measurement based on multiple hops, when the measurement based on multiple-hops measurement fails.

Another issue is the hop indication in per/multiple hop measurement. It was discussed at the last meeting whether the hop indication was necessary. We are not sure it is necessary and possible to report which hop is used. In our view, multiple measurement reporting should be a baseline, and then each hop indication may not be necessary. The hopping pattern is up to UE implementation in the DL measurement. Thus, the hop indication in DL may not be possible. Considering that this August meeting is the last WI phase meeting in Rel-18, RAN1 should not introduce new features unless they are essential features. Therefore, we believe RAN1 should discuss and clarify the benefit of reporting the hop indication in per/multiple hop measurement if it is supported.
Proposal 6:
· RAN1 should discuss and clarify the benefit of reporting the hop indication in per/multiple hop measurement if it is supported.

3. Conclusion
In this contribution, we discussed potential enhancements for positioning for RedCap UEs. Based on the discussion, we made following proposals.
Proposal 1:
· RAN1 may not need to support PPW with FH.
Proposal 2:
· In option 1, RAN1 should refer the measurement gap specification for the details of UL time window.
Proposal 3:
· In option 2, a new collision rule in which UE is permitted to transmit all hops of UL SRS for positioning while other signals/channels are dropped is necessary to guarantee the positioning accuracy performance.
Proposal 4:
· DL and UL measurements associated with one received hop should be reported separately from the measurement based on multiple hops.
Proposal 5:
· A fallback DL or UL measurement associated with one received hop should be reported separately from the measurement based on multiple hops, when the measurement based on multiple-hops measurement fails.
Proposal 6:
· RAN1 should discuss and clarify the benefit of reporting the hop indication in per/multiple hop measurement if it is supported.
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Appendix
The current measurement gap specifications are as follows.
Table 9.1.2-1: Gap Pattern Configurations
	Gap Pattern Id
	Measurement Gap Length (MGL, ms)
	Measurement Gap Repetition Period
(MGRP, ms)

	0
	6
	40

	1
	6
	80

	2
	3
	40

	3
	3
	80

	4
	6
	20

	5
	6
	160

	6
	4
	20

	7
	4
	40

	8
	4
	80

	9
	4
	160

	10
	3
	20

	11
	3
	160

	12
	5.5
	20

	13
	5.5
	40

	14
	5.5
	80

	15
	5.5
	160

	16
	3.5
	20

	17
	3.5
	40

	18
	3.5
	80

	19
	3.5
	160

	20
	1.5
	20

	21
	1.5
	40

	22
	1.5
	80

	23
	1.5
	160

	24
	10
	80

	25
	20
	160



Table 9.1.2-2: Applicability for Gap Pattern Configurations supported by the E-UTRA-NR dual connectivity UE or NR-E-UTRA dual connectivity UE
	Measurement gap pattern configuration
	Serving cell 
	Measurement PurposeNote 5
	Applicable Gap Pattern Id

	Per-UE 
	E-UTRA + FR1, or
	non-NR RAT Note1,2 
	0,1,2,3

	Measurement gap
	E-UTRA + FR2, or E-UTRA + FR1 + FR2
	FR1 and/or FR2 Note 7
	0-11, 24, 25

	
	
	non-NR RATNote1,2 and FR1 and/or FR2 Note 7
	0, 1, 2, 3, 4, 6, 7, 8,10, 24

	
	E-UTRA and, FR1 if configured
	non-NR RAT Note1,2
	0,1,2,3


	
	FR2 if configured
	
	No gap 

	
	E-UTRA and, FR1 if configured
	FR1 only 
	0-11 

	
	FR2 if configured
	
	No gap

	
	E-UTRA and, FR1 if configured
	FR2 only
	No gap

	Per-FR
	FR2 if configured
	
	12-23

	measurement gap
	E-UTRA and, FR1 if configured
	non-NR RAT Note1,2 and FR1 
	0, 1, 2, 3, 4, 6, 7, 8,10

	
	FR2 if configured
	
	No gap

	
	E-UTRA and, FR1 if configured
	FR1 and FR2
	0-11 

	
	FR2 if configured
	
	12-23

	
	E-UTRA and, FR1 if configured
	non-NR RAT Note1,2 and FR2
	0, 1, 2, 3, 4, 6, 7, 8,10

	
	FR2 if configured
	
	12-23

	
	E-UTRA and, FR1 if configured
	non-NR RAT Note1,2 and FR1 and FR2
	0, 1, 2, 3, 4, 6, 7, 8,10

	
	FR2 if configured
	
	12-23

	Note:	In E-UTRA-NR dual connectivity mode, if GSM or UTRA TDD or UTRA FDD inter-RAT frequency layer is configured to be monitored, only measurement gap pattern #0 and #1 can be used for per-FR gap in E-UTRA and FR1 if configured, or for per-UE gap. In NR-E-UTRA dual connectivity mode, if UTRA FDD inter-RAT frequency layer is configured to be monitored for SRVCC, only measurement gap pattern #0 and #1 can be used for per-FR gap in E-UTRA and FR1 if configured, or for per-UE gap.
NOTE 1:	In E-UTRA-NR dual connectivity mode, non-NR RAT includes E-UTRA, UTRA and/or GSM. In NR-E-UTRA dual connectivity mode, non-NR RAT means E-UTRA, and UTRA for SRVCC.
NOTE 2:	Void
NOTE 3:	When E-UTRA inter-frequency RSTD measurements are configured and the UE requires measurement gaps for performing such measurements, only Gap Pattern #0 can be used.
[bookmark: _Hlk42030963]NOTE 4:	For UE supporting supportedGapPattern-NRonly-NEDC or measGapPatterns-NRonly-ENDC-r16 but not supporting supportedGapPattern for the corresponding gap patterns among GP2-11, the corresponding gap patterns are not applicable to measurement of non-NR RATs as defined in NOTE 1.
NOTE 5:	Inclusion of positioning measurements: Measurement purpose which includes E-UTRA measurements includes also E-UTRA RSRP and E-UTRA RSRQ measurements for E-CID.
NOTE 6:	Measurement gap patterns #24 and #25 can be requested [2] only when the UE is configured at least with any of RSTD, UE Rx-Tx, or PRS-RSRP measurements requiring such gaps and can only be used during the corresponding positioning measurement period
NOTE 7:	Inclusion of positioning measurements for measurement gaps: Measurement purpose which includes any of FR1 and FR2 measurements includes also RSTD, UE Rx-Tx, and PRS-RSRP measurements.
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