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1. Introduction

In the last meeting, the reply LS on configuring margin for 1 Rx RedCap was approved in [1]. This paper provides further discussion on some remaining issues related with the LS reply.
2. Discussion
It is agreed that a RedCap UE with 1Rx branch would apply a fixed offset to some broadcasted cell-specific RSRP thresholds related with L3 measurement in RRC_indle/inactive state. The details of the approved LS are duplicated as below [1].
	RAN4 would like to thank RAN2 for their reply LS on configuring margin for 1 Rx RedCap UEs in R2-2206504/R4-2211523. RAN4 has discussed RAN2 questions and reached the following conclusions:

· A RedCap UE with 1 Rx branch applies the offset to the following broadcasted cell-specific RSRP thresholds related to L3 measuremets in RRC_IDLE/INACTIVE state:
· rsrp-ThresholdSSB, 

· msgA-RSRP-ThresholdSSB, 

· msgA-RSRP-Threshold,

· absThreshSS-BlocksConsolidation,

· sdt-RSRP-Threshold.

· the following cell-specific RSRP thresholds used for Rel-16 low mobility and/or not at cell edge conditions, and Rel-17 stationary and not at cell edge conditions for RRC IDLE/INACTIVE state:
· s-SearchDeltaP-r16,

· s-SearchDeltaP-Stationary-r17
· s-SearchThresholdP-r16, 

· s-SearchThresholdQ-r16,

· s-SearchThresholdP2-r17, 

· s-SearchThresholdQ2-r17.

· the following cell (re)selection thresholds and ranking:

· Qrxlevmin and Qqualmin
· The offset is a fixed value in dB in the above cell-specific RSRP thresholds and will be specified in TS 38.133. The magnitude of the exact offset value is [1] dB. It is not expected to introduce new RAN2 signalling.
RAN4 also would like to clarify that based on the latest agreement as communicated in this LS, the offset does not apply to rsrp-ThresholdBFR and rsrp-ThresholdCSI-RS. 
Note: RAN2 is also invited to inform if any further cell-specific RSRP threshold used in RRC IDLE/INACTIVE state should be included in the list or in case any of the thresholds listed in this LS is not cell specific.



Figure 1 provides the RSRP measurement simulation for both 1 RX and 2 Rx UE. According to SS-RSRP definition specified in TS 38.215, for 2RX UE, the reported SS-RSRP value shall not be lower than the corresponding SS-RSRP of any of the individual receiver branches (corresponds to label “max” ).  It can be observed that the RSRP average value of 2RX UE is larger than that of 1RX UE, and the RSRP fluctuation of 1RX UE is larger than that of 2RX UE.
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Figure.1 RSRP measurement simulation for both 1 RX and 2 Rx UE
The intention of introducing the fixed offset is to compensate the higher measurement accuracy due to 1Rx. Based on the agreed LS, the parameters where offset applied to can be categorized to several groups:

· Group#1 is for 2-step and 4 step RACH: rsrp-ThresholdSSB, msgA-RSRP-ThresholdSSB, and msgA-RSRP-Threshold.
· Group#2 is for cell reselection: absThreshSS-BlocksConsolidation and Qrxlevmin and Qqualmin
· Group#3 is for SDT: sdt-RSRP-Threshold
· Group#4 is for relaxation measurement criteria including Rel-16 low mobility and/or not at cell edge conditions, and Rel-17 stationary and not at cell edge conditions.
The parameters in group#1 are absolute thresholds and when the measured RSRP is above one of these thresholds, UE will select SSB index in 4-step/ 2-step RACH procedure or perform 2-step RACH procedure. Since the 1Rx measurement results may result in larger measurement error, a positive offset on top of the current RSRP threshold is more proper, to avoid 1Rx UE execute some radical behaviour. Taking msgA-RSRP-Threshold as an example, adding one positive offset for 1RX will avoid 1 RX mistakenly perform 2 step RACH based on its inaccurate measurement results.
The parameters in group #2 are also absolute thresholds. Qrxlevmin and Qqualmin are cell camping thresholds. In our understanding, at one physical position at cell edge, the average value of received RSRP of 1RX UE is less than that of 2RX UE. There is a case that 1RX UE may be camped on a certain cell because of its large measurement fluctuation, however the paging reception performance for this UE would be very poor. To avoid this case, it is suggested to set one positive offset for 1RX on top of existing Qrxlevmin and Qqualmin.
The parameter in group #3 is absolute threshold as well. When the measured RSRP is above one of these thresholds, UE will perform SDT. Since the 1Rx measurement results may result in larger measurement error, a positive offset on top of the current RSRP threshold is more proper, to avoid 1Rx UE execute radical SDT. 
The parameters of s-SearchThresholdP-r16, s-SearchThresholdQ-r16, s-SearchThresholdP2-r17, and s-SearchThresholdQ2-r17 in group #4 are similar as above. When the measured RSRP and RSRQ are above the thresholds, the corresponding relaxed measurement criteria are met and UE is allowed to perform loose measurement. To avoid 1RX RedCap UE mistakenly perform relaxed measurement due to inaccurate measurement, a positive offset on top of the current RSRP threshold is also preferred.
For the parameters of s-SearchDeltaP-r16 and s-SearchDeltaP-Stationary-r17 in group #4, these are RSRP change delta.  As 1Rx RedCap UE has larger measurement uncertainty/ fluctuation, it can easily satisfy the low mobility/ stationary criterion, and then enters to measurement relaxation procedure. To avoid the case, it is better to set a less RSRP change threshold. Therefore a negative offset on top of the current threshold is preferred.
--- R16 mobility criterion---
The relaxed measurement criterion for UE with low mobility is fulfilled when:
-
(SrxlevRef – Srxlev) < SSearchDeltaP
----
In summary, from technical analysis, for RedCap UE with 1 Rx branch a positive offset is supposed to be applied for the following parameters:
· rsrp-ThresholdSSB, 
· msgA-RSRP-ThresholdSSB, 

· msgA-RSRP-Threshold,
· absThreshSS-BlocksConsolidation,
· sdt-RSRP-Threshold.
· s-SearchThresholdP-r16, 

· s-SearchThresholdQ-r16,

· s-SearchThresholdP2-r17, 

· s-SearchThresholdQ2-r17,
· Qrxlevmin and Qqualmin
A negative offset is supposed to be applied for the following parameters:
· s-SearchDeltaP-r16,
· s-SearchDeltaP-Stationary-r17
Proposal 1: For RedCap UE with 1 Rx branch, a positive offset (i.e.,+1dB) is supposed to be applied for the following parameters:

· rsrp-ThresholdSSB, 

· msgA-RSRP-ThresholdSSB, 

· msgA-RSRP-Threshold,

· absThreshSS-BlocksConsolidation,

· sdt-RSRP-Threshold.

· s-SearchThresholdP-r16, 

· s-SearchThresholdQ-r16,

· s-SearchThresholdP2-r17, 

· s-SearchThresholdQ2-r17,
· Qrxlevmin and Qqualmin

A negative offset (i.e., -1dB) is supposed to be applied for the following parameters:

· s-SearchDeltaP-r16,

· s-SearchDeltaP-Stationary-r17
3. Conclusions

This contribution provides the analysis on the left open issues on the reply LS on fixed margin for 1 Rx RedCap UEs. According to the analysis, we propose the following proposal.

Proposal 1: For RedCap UE with 1 Rx branch, a positive offset (i.e.,+1dB) is supposed to be applied for the following parameters:

· rsrp-ThresholdSSB, 

· msgA-RSRP-ThresholdSSB, 

· msgA-RSRP-Threshold,

· absThreshSS-BlocksConsolidation,

· sdt-RSRP-Threshold.

· s-SearchThresholdP-r16, 

· s-SearchThresholdQ-r16,

· s-SearchThresholdP2-r17, 

· s-SearchThresholdQ2-r17.

· Qrxlevmin and Qqualmin

A negative offset (-1dB) is supposed to be applied for the following parameters:

· s-SearchDeltaP-r16,

· s-SearchDeltaP-Stationary-r17
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