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Introduction
Reducing the number of Rx branches causes the measurement accuracy to be degraded. Some procedures that depend on thresholds configured by the network might be impacted if the same threshold is used by UEs with 1 Rx and UEs with 2 Rx branches, since the degradation of the measurement accuracy might cause the UE to erroneously cross the thresholds and incorrectly trigger different procedures.
In previous RAN4 meetings, it has been discussed the accuracy degradation for RSRP and RSRQ measurements, and RAN4 has agreed to define an offset to be applied by 1 Rx UEs to the thresholds defined by the network [1][2]: 
	Agreements in RAN4 #102-e
Offset to apply for 1 Rx UE
· Network configures one RSRP/RSRQ threshold for 2 Rx RedCap UE (same as for legacy 2 Rx UE), and 1 Rx RedCap UE applies an offset to that threshold.  The offset is predefined in the specification.  

Agreements in RAN4 #103-e
Separate IDLE/INACTIVE mode thresholds for 1 Rx RedCap
· RAN4 to consider defining an offset to absThreshSS-BlocksConsolidation for 1Rx UEs.
FFS: A separate offset is defined for different measurement quantities such as SS-RSRP, SS-RSRQ etc.

SSB based L3 measurement with 1 Rx
Whether lower bound in measurement period for 1 Rx requirements is extended in FR1
No consensus to extend the lower bound in measurement period for 1 Rx requirements is extended in FR1. 
 
Relaxation of accuracy levels for FR1
		§ Absolute accuracy level for 1 Rx RedCap is relaxed by 1 dB compared to legacy requirements.
		§ Relative accuracy level for 1 Rx RedCap is relaxed by 1 dB compared to legacy requirements.
Note: Test cases will be defined with AWGN channel following the same principle as in Rel15/16 requirements.

Accuracy of SS-RSRQ 
RedCap SS-RSRQ accuracy level is derived by relaxing the legacy SS-RSRQ accuracy level by the same level as agreed for RedCap SS-RSRP measurement compared to legacy SS-RSRP measurement.

Accuracy of SS-SINR 
RedCap SS-SINR accuracy level is derived by relaxing the legacy SS-SINR accuracy level by the same level as agreed for RedCap SS-RSRP measurement compared to legacy SS-RSRP measurement.

Other notes from RAN4 #103-e
RSRP margin for SDT RSRP change threshold
	o Option 1 (Intel): 
		 For RSRP change threshold,  UE using 1 Rx branch determines any of the above threshold (H2) by
		§ Option 1a (Intel, Nokia, Apple, E///): H2 = H1 + offsetRSRPChange 
		§ Option 1b: separate threshold H2 used
		RSRP change threshold for SDT procedure includes cg-SDT-RSRP-ChangeThreshold.
		§ Option 1b (MTK, Nokia): 
			· Option  1 is agreed provided offset (offsetRSRPChange) is a constant number.
		 
	o Option 2 (vivo): 
1 Rx UE does not need to apply RSRP offset based on the 2 Rx threshold for CG-SDT.


In RAN4 meeting #102-e, an LS was sent to RAN2 informing about the agreements in RAN4, regarding the RSRP thresholds for 1 Rx RedCap UEs [3]. 
	RAN4 has identified that RSRP measurement accuracy for UE using 1 Rx is worse compared to RSRP measurement accuracy for UE using 2 Rx UE by certain offset. This impacts how RedCap UE using 1Rx or 2Rx determines the following thresholds which are used for different procedures in existing RAN2 specifications e.g. TS 38.331, TS 38.321 etc:
· rsrp-ThresholdSSB, 
· rsrp-ThresholdCSI-RS, 
· msgA-RSRP-ThresholdSSB, 
· msgA-RSRP-Threshold,
· rsrp-ThresholdBFR.
RAN4 recommends that RedCap UE determines the above RSRP related thresholds for corresponding procedure as follows:
· UE using 2 Rx branches determines any of the above threshold (H1) based on existing signaling and RSRP range defined in TS 38.133. 
· UE using 1 Rx branch determines any of the above threshold (H2) as follows:
H2 = H1 + offset




This LS was answered in RAN2 meeting #109-e, in which RAN2 asks RAN4 the following [4]:
	ACTION: 	RAN2 kindly asks RAN4 the following:
- to confirm RAN2’s understanding that a RedCap UE with 1 Rx branch applies the offset to all cell-specific RSRP thresholds which are applicable to RedCap except the case below.
-  whether a RedCap UE with 1 Rx branch applies offset to 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.
- a RedCap UE with 1 Rx branch can apply a configurable offset to cell (re)selection thresholds, i.e., Qrxlevmin (minimum required Rx level in the cell [dBm]) and Qqualmin (minimum required quality level in the cell [dB]), Qqualmin.



In this document, we discuss Nokia’s views regarding the LS sent by RAN2. 
Discussion
The issue with the different measurement accuracy for 1 Rx and 2 Rx RedCap UEs is not particular to the random access procedure, and as mentioned in Nokia’s contribution in RAN2 [5], there are more RSRP thresholds than RAN4 indicated in the LS in [3]. 
RAN4 agreements do not specify for which thresholds the RSRP / RSRQ threshold offset will be defined. 
In the RAN2 answer to the original RAN4 LS, RAN2’s understanding is that the offset would be applicable to all cell-specific RSRP thresholds except for:
· Rel-16 the low mobility and/or not at cell edge conditions
· Rel-17 stationary and not at cell edge conditions for RRC IDLE/INACTIVE states
There are two types of thresholds configured by the network: RSRP thresholds and RSRP change thresholds. In case of low mobility and stationary conditions, the thresholds are to measure how much the RSRP measurement has changed. In these cases, the UE compares current measurements with stored measurements in order to verify if the conditions were met. This is the same case as in the Small data transmission (SDT) RSRP change threshold, in which the UE compares two measurements and compares the difference with a configured threshold.
So far, the scenarios discussed for the definition of the offset to be applied by 1 Rx UEs were for absolute thresholds. The intention of RAN4 when defining the measurement was to avoid situations in which the UEs with 1 Rx would wrongly start a procedure because of the degraded measurement accuracy when compared to a 2 Rx UE. In the last RAN4 meeting, there was no conclusion regarding the applicability of the same offset to RSRP change thresholds, discussed in the SDT context. 
In our view, the accuracy degradation caused by reducing the number of Rx would also impact the RSRP change thresholds. The selection of a proper threshold should consider not only the probability of detecting that there was an RSRP change at the UE, but also minimizing the probability of false alarms. Despite the fact that the threshold is used to compare two measurements done by the same UE with the same measurement accuracy, there is a performance degradation associated to the comparison done by UEs with 1 Rx. The optimal threshold to assist the UE to identify whether there was a change or not in the measured RSRP levels depends on the accuracy of the measurements and should be set separately for 1 Rx and 2 Rx UEs. Therefore, in our view, the offset should be applicable to all RSRP and RSRP change thresholds.
RedCap UE with 1 Rx branch applies a fixed offset to all cell-specific RSRP thresholds which are applicable to RedCap.
Previous RAN4 agreements consider that the offset is fixed and defined in the specification. However, in the LS received from RAN2, it is asked if a RedCap UE with 1 Rx branch can apply a configurable offset to cell (re)selection thresholds, instead of applying one that is fixed in the specification. The arguments are that a configurable offset is future proof and provides flexibility to the network. Since no specification work has been done yet regarding the fixed offset, our view is that it is possible to still agree on a configurable offset for the cell (re)selection.
A RedCap UE with 1 Rx branch shall apply a configurable offset to cell (re)selection thresholds, i.e., either Qrxlevmin and Qqualmin or only Qrxlevmin.
RAN4 to discuss whether to define configurable offsets to all RSRP/ RSRQ thresholds for 1 Rx RedCap UEs either from Rel-17 or from Rel-18.
The proposals above are captured in the LS response bellow: 
RAN4 shall send the following LS response:
	1. Overall description: 

RAN4 would like to thank RAN2 for the LS on configuring margin for 1 Rx RedCap UEs. RAN4 has considered RAN2’s understanding and confirms that a RedCap UE with 1 Rx branch applies the offset to all cell-specific RSRP thresholds which are applicable to RedCap, including not at cell edge conditions, and Rel-17 stationary and not at cell edge conditions for RRC idle/inactive state. 
RAN4 confirms that a RedCap UE with 1 Rx branch can apply a configurable offset to cell (re)selection thresholds, i.e., Qrxlevmin (minimum required Rx level in the cell [dBm]) and Qqualmin (minimum required quality level in the cell [dB]).

2. Actions
To RAN2
ACTION: RAN4 kindly asks RAN2 to consider the following in their future work: 
· RAN4 confirms that a RedCap UE with 1 Rx branch applies the fixed offset to all cell-specific RSRP thresholds which are applicable to RedCap, including the 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. 
· RAN4 confirms that a RedCap UE with 1 Rx branch shall apply a configurable offset to cell (re)selection thresholds, i.e., Qrxlevmin (minimum required Rx level in the cell [dBm]) and Qqualmin (minimum required quality level in the cell [dB]).




Conclusion
1. RAN4 agreements do not specify for which thresholds the RSRP / RSRQ threshold offset will be defined. 
1. RedCap UE with 1 Rx branch applies a fixed offset to all cell-specific RSRP thresholds which are applicable to RedCap.
1. A RedCap UE with 1 Rx branch shall apply a configurable offset to cell (re)selection thresholds, i.e., either Qrxlevmin and Qqualmin or only Qrxlevmin.
1. RAN4 to discuss whether to define configurable offsets to all RSRP/ RSRQ thresholds for 1 Rx RedCap UEs either from Rel-17 or from Rel-18.
RAN4 shall send the following LS response:
	3. Overall description: 

RAN4 would like to thank RAN2 for the LS on configuring margin for 1 Rx RedCap UEs. RAN4 has considered RAN2’s understanding and confirms that a RedCap UE with 1 Rx branch applies the offset to all cell-specific RSRP thresholds which are applicable to RedCap, including not at cell edge conditions, and Rel-17 stationary and not at cell edge conditions for RRC idle/inactive state. 
RAN4 confirms that a RedCap UE with 1 Rx branch can apply a configurable offset to cell (re)selection thresholds, i.e., Qrxlevmin (minimum required Rx level in the cell [dBm]) and Qqualmin (minimum required quality level in the cell [dB]).

4. Actions
To RAN2
ACTION: RAN4 kindly asks RAN2 to consider the following in their future work: 
· RAN4 confirms that a RedCap UE with 1 Rx branch applies the fixed offset to all cell-specific RSRP thresholds which are applicable to RedCap, including the 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. 
· RAN4 confirms that a RedCap UE with 1 Rx branch shall apply a configurable offset to cell (re)selection thresholds, i.e., Qrxlevmin (minimum required Rx level in the cell [dBm]) and Qqualmin (minimum required quality level in the cell [dB]).
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