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1	Introduction
Positioning for RedCap UE is included Rel-18 WI and RAN4 reached some agreements on RRM measurement requirements in [1]. With reduced capability, not all of positioning features can be supported and the combination between RedCap positioning and Rel-16/Rel-17/Rel-18 positioning was discussed during last meeting. This contribution will give our further considerations on this topic. 
2	Discussion
	Issue 2-1-3: Relation with Rel-16/Rel-17 positioning:
Agreements:
· PRS requirements without frequency hopping (FH):
· Option 1: HW, E///, QC, CATT, OPPO, Nokia
· PRS requirements for both 1Rx and 2Rx RedCap UE without FH shall be defined for all the Rel-16/Rel-17 positioning features/techniques.
· Option 2: MTK
· PRS requirements for 1Rx RedCap UE without FH shall be defined for all the Rel-16 positioning features/techniques.
· PRS requirements for 2 Rx RedCap UE without FH shall be defined for all the Rel-16/Rel-17 positioning features/techniques.
· PRS requirements with FH:
· The Rel-16/Rel-17 positioning features/techniques for which the PRS requirements for RedCap UE with FH will be defined can be decided on case-by-case basis and based on RAN1 agreements on the FH. Details are FFS.
· NOTE: 
· Rel-16 features/techniques refer to: measurement with gaps in RRC connected, 4-samples measurement in RRC connected.
· Rel-17 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.


Last meeting discussed the relation between RedCap positioning and legacy Rel-16/Rel-17 positioning features. And this issue should be discussed at least for the three different types case by case, including 2 Rx RedCap UE without FH, 1 Rx RedCap UE without FH, and RedCap UEs with FH. In our understanding, Rel-16 features is the basic requirements for positioning and should be supported for all types of RedCap UEs.
Proposal 1: The Rel-16 positioning features should be considered for all types of RedCap UE, include 1 Rx and 2 Rx with FH and without FH.
	Issue 2-1-2: Applicable RRC states:
Agreements:
· RedCap UE positioning without frequency hopping
· Define the requirements in RRC_CONNECTED and RRC_INACTIVE states.
· RedCap UE positioning with frequency hopping
· Define the requirements in RRC_CONNECTED state
· FFS for requirements in RRC_INACTIVE state.
· FFS whether to define requirements in RRC_IDLE state
Issue 2-1-4: Combination of Rel-18 positioning features:
Agreements:
· LPHAP enhancement shall be supported for RedCap accordance to the following agreement under the LPHAP thread, [106-bis-e][216] NR_pos_enh2_part3:
· “Define requirements for normal (non-RedCap) and RedCap type of devices”
· Combination of RedCap with any Rel-18 feature other than LPHAP is not supported.

	Issue 1-3-1: New PRS measurement requirements
· Agreement (from GTW)
· Define requirements for normal (non-RedCap) and RedCap type of devices
· Requirements for PRS measurement in INACTIVE, both with and without eDRX, are re-used for PRS measurement in IDLE.


As for the applicable RRC states, the agreements above are reached and FFS whether to support RRC inactive for RedCap with FH and RRC idle. The LPHAP enhancement shall be supported for RedCap UE and further both RRC inactive and RRC idle statues are supported for normal and RedCap UEs. Therefore, we think RRC idle can be supported at least for RedCap without FH. The conclusions for RedCap UE in RRC inactive or LPHAP in RRC idle could be considered as the starting point and the work load is limited. For RedCap UE with FH, we prefer to prioritize RRC connected state. Whether to consider RRC inactive and idle states can be postponed depending on RAN1 conclusion.
Proposal 2: For applicable RRC states: 
· For RedCap UE without FH, define RRM requirements in RRC idle state. 
· For RedCap UE with FH, prioritize RRM requirements in RRC connected state.
	Conclusion
For positioning enhancements for RedCap UEs, only Rx frequency hopping of the DL PRS is supported.

	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


SSB measurement outside MG is supported for RedCap UE. In case of no Rx FH, PRS measurement is similar as SSB measurement and MG-less based measurement could be supported. And in case of Rx FH, whether to support DL PRS with Rx FH within PPW will be further studied in RAN1. RAN4 can postpone this issue and wait for RAN1’s conclusion. 
Proposal 3: MG-less based measurement: 
· For RedCap UE without FH, support MG-less based PRS measurement.  
· For RedCap UE with FH, whether to support MG-less based measurement is up to RAN1.  
PRS measurement with reduced samples is introduced in Rel-17 as one of method for latency reduction. In our understanding, UE capability to support reduced PRS samples will not be restricted by reduced Rx branch or bandwidth. Therefore, this feature can be supported for RedCap UE with FH and without FH. 
Proposal 4: For RedCap UE without FH and with FH, support reduced samples. 
PRS measurement with lower Rx beam sweeping factor may require UE to measure a PRS resource with more than one Rx beams simultaneously, implying that more than one Rx chains are equipped. For 1 Rx RedCap UE without FH, only FR1 is considered and naturally this feature cannot be supported. For 2 Rx RedCap UE without FH, lower Rx beam sweeping factor can be supported but the capability is reduced compared with normal UE. For RedCap UE with FH, we prefer to preclude this feature. 
Proposal 5: For lower Rx beam sweeping factor in FR2:
· For 2 Rx RedCap UE without FH, support lower Rx beam sweeping factor.  
· For 1 Rx RedCap UE without FH, lower Rx beam sweeping factor is not applicable.  
· For RedCap UE with FH, not support lower Rx beam sweeping factor. 
For RSTD and Rx-Tx time difference measurements, TEG feature is considered to mitigate the group delay which is caused by different Rx chains or baseband units. Considering that only 2 Rx branches or 1 Rx branch is equipped for RedCap UE, generally the PRS resource is measured using the same Rx chain, and TEG feature is not necessary.
Proposal 6: For RedCap UE without FH and with FH, not support TEG feature.
Rel-17 also considered some enhancements for MG. Per-FR gap is supported in Rel-17 while only per-UE gap is considered in Rel-16. Besides, Pos gap which could be activated or deactivated by MAC-CE is introduced to reduce configuration delay by RRC. We think these two features should be supported by RedCap UE.
Proposal 7: For RedCap UE without FH and with FH, support per-FR gap and MAC-CE based Pos gap.
To be brief, we summarize our views on the in Table 1 below.
	RedCap UE type
	Rel-16 features 
	Rel-17 features
	Rel-18

	
	
	RRC inactive
	MG-less
	Reduced samples
	Lower Rx beams in FR2
	TEG
	Per-FR MG
	MAC-CE based Pos Gap 
	RRC idle

	2 Rx RedCap wo FH
	Yes
	Yes
	Yes
	Yes
	Yes
	No
	Yes
	Yes
	Yes

	1 Rx RedCap wo FH
	Yes
	Yes
	Yes
	Yes
	Not applicable
	No
	Yes
	Yes
	Yes

	RedCap w FH
	Yes
	No
	RAN1
	Yes
	No
	No
	Yes
	Yes
	No



3	Conclusion
Based on RAN1 progress, this contribution gave our considerations on RedCap positioning and the following proposals:
Proposal 1: The Rel-16 positioning features should be considered for all types of RedCap UE, include 1 Rx and 2 Rx with FH and without FH.
Proposal 2: For applicable RRC states: 
· For RedCap UE without FH, define RRM requirements in RRC idle state. 
· For RedCap UE with FH, prioritize RRM requirements in RRC connected state.
Proposal 3: MG-less based measurement: 
· For RedCap UE without FH, support MG-less based PRS measurement  
· For RedCap UE with FH, whether to support MG-less based measurement is up to RAN1  
Proposal 4: For RedCap UE without FH and with FH, support reduced samples. 
Proposal 5: For lower Rx beam sweeping factor in FR2:
· For 2 Rx RedCap UE without FH, support lower Rx beam sweeping factor.  
· For 1 Rx RedCap UE without FH, lower Rx beam sweeping factor is not applicable.  
· [bookmark: _GoBack]For RedCap UE with FH, not support lower Rx beam sweeping factor. 
Proposal 6: For RedCap UE without FH and with FH, not support TEG feature.
Proposal 7: For RedCap UE without FH and with FH, support per-FR gap and MAC-CE based Pos gap.
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