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1 Introduction
In the last RAN4 meeting a WF to study the impact of the collision between paging occasion (PO) and SSB on the measurement requirements in idle/inactive states was approved [1]. If the relaxation is necessary then the aim is to identify the amount of relaxation need for different measurements. The impact on the requirements has also been analysed in previous contributions [2-3]. But so far no agreement has been reached. 
In this paper we analyse the impact of PO in TDM and FDM wrt the SSB on RRM requirement in RRC idle/inactive states based on the WF [1]. 
2 Analysis of Requirements
As mentioned in the approved WF that the RRM measurement requirements in RRC idle/inactive states (including serving cell, intra-frequency and inter-frequency measurements) may be impacted under the following scenario:

· When PO is FDM wrt SSB in FR2

· When PO is TDM wrt SSB in FR1

· When PO is TDM wrt SSB in FR2
The relaxation of any measurement in any of the above scenarios is related to the fact whether the UE should be allowed to drop any paging or not. These aspects are discussed below:
2.1 Dropping of paging

The UE cannot receive paging and SSB in the same symbols in FR2 due to reception beam sweeping while doing measurement on SSB of the measurement cell. Performing measurement also receiving paging when PO is TDM wrt SSB, the UE power consumption will increase at least for shorter DRX cycle and when SMTC period is longer e.g. 40 ms or more. This is because the UE will have to wake up at multiple occasions between the successive DRX cycles.

However paging reception is also very critical. Any dropping of  paging has the following consequences: potential call dropping, the retransmission of paging, which in turn will increase overheads and also increase interference in the network. Therefore we propose that the UE does not drop any paging in any of these PO scenarios. Instead relaxation to the UE measurements should be allowed for certain combinations of DRX cycle and SMTC period as analysed in the next section.
· Proposal #1:  The UE shall monitor every paging occasion regardless of any possible PO transmission scenario (i.e. PO FDM wrt the SSB in FR2, PO TDM wrt the SSB in FR1 or FR2).
2.2 Impact on measurements
According to the approved WF the following was captured regarding the potential relaxation of the measurement when receiving paging in any possible PO transmission scenarios.
· Maximum DRX cycle length up to which the measurement times in RRC idle/inactive states need to be extended by certain scaling factor (X1, X2, X3)
· The value of the scaling factor, X1 for serving cell measurements and Nserv, X2 for intra-frequency measurements, X3 for inter-frequency measurements.
· Note: It is FFS whether values of X1, X2 and X3 are different or the same.
· SMTC period threshold above which the measurement times in RRC idle/inactive states need to be extended.
The following three different types of measurements need to be analysed:
· Serving cell measurements and Nserv
· Intra-frequency measurements, and

· Inter-frequency measurements
2.2.1 Impact on serving cell measurements and Nserv
The UE is required to measure SS-RSRP and SS-RSRQ of the serving cell and evaluate the cell selection criterion for the serving cell at least once every DRX cycle. In addition the number of DRX cycles (Nserv) over which the evaluation is done is also defined. We propose to allow relaxation of the DRX cycles (up to 2 DRX cycles) after which the evaluation needs to be done and also evaluation time in terms of DRX cycles. But this relaxation should be allowed only for SMTC periodicity (TSMTC) larger than 20 ms and for shorter DRX cycles of up to 640 ms. The rationale is that with shorter SMTC periodicity the UE can reuse the measurement/AGC etc from the previous SMTC occasion without significantly impacting the UE power consumption. Also at longer DRX there is sufficient power saving so even if the UE has to wake up one additional time between the DRX cycles will not significantly impact the UE battery like. The SMTC periodicity threshold of 20 ms should be selected because firstly it ensures frequent availability of SSBs (for measurements, AGC etc) compared to larger SMTC periodicities. Secondly 20 ms SMTC periodicity is also the default value used for initial cell selection etc. Correspondingly Nserv is relaxed by factor of 2 only for TSMTC > 20 ms and DRX cycle ≤  0.64 second. 
· Proposal #2:  The UE shall measure the SS-RSRP and SS-RSRQ level of the serving cell and evaluate the cell selection criterion S for the serving cell at least once every 2 DRX cycles if TSMTC > 20 ms and DRX cycle ≤  0.64 second; otherwise the UE shall measure the SS-RSRP and SS-RSRQ level of the serving cell and evaluate the cell selection criterion S for the serving cell at least once every DRX cycle.
· Proposal #3:  The number of DRX cycle (Nserv) used for cell selection criterion S are relaxed by factor of 2 for DRX cycle ≤  0.64 second and when if TSMTC > 20 ms.
2.2.2 Impact on intra-frequency measurements
The UE identifies and performs measurements on intra-frequency cells. If the PO on the serving cell and SSB of the measured intra-frequency cell is far apart wrt each other in time then the UE has to wake up twice within the paging cycle: to acquire synchronization/perform measurements on cells of serving carrier and to monitor paging. Similar scenario exists in the context of RLM where the UE may have to wake up twice to receive PDCCH and estimate RLM quality/measurements/synchronization. The RLM evaluation periods are extended by factor of 1.5 only for DRX cycle ≥ 320 ms. Similar level of relaxation is allowed for RRM measurements in RRC connected state. Therefore if SSB and PO are close in time then any relaxation of the measurement requirements in idle/inactive state can be considered only for DRX cycle of 320 ms. Furthermore, we don’t see any reason to relax the measurement requirements for shorter SMTC periodicity (TSMTC) e.g. shorter than 40 ms since 20 ms is default value as explained in section 2.2.1. 
· Proposal #4:  The intra-frequency measurement time/evaluation times in RRC idle/inactive states are relaxed by factor of 1.5 if TSMTC of measured intra-frequency cell  > 20 ms and DRX cycle of measured intra-frequency cell is 320 ms.
2.2.3 Impact on inter-frequency measurements
The UE also identifies and performs measurements on inter-frequency cells for possible cell reselection to an inter-frequency cell. If the PO on the serving carrier and SSB of the measured intra-frequency cell are far away wrt each other in time then the UE may have to wake up also multiple times within the paging cycle: to measure on cells of the serving carrier, to perform inter-frequency measurements and to monitor paging. In the last meeting it was agreed to allow relaxation of inter-frequency measurement by 1.5 times for DRX cycle ≤ 320 ms in RRC connected state since UE may have to monitor PDCCH while also do measurements. Similar level of relaxation should be allowed for inter-frequency measurements in idle/inactive state if SSB and PO are close in time and for DRX cycle of 320 ms. But we don’t see any reason to relax the inter-frequency measurement requirements for shorter SMTC periodicity (TSMTC) e.g. shorter than 40 ms since 20 ms is default value as explained in section 2.2.1. 
· Proposal #5:  The inter-frequency measurement time/evaluation times in RRC idle/inactive states are relaxed by factor of 1.5 if TSMTC measured inter-frequency cell > 20 ms and DRX cycle of measured inter-frequency cell is 320 ms.

3 Summary

In this paper we have further analysed the potential impact of paging occasion (PO) configured in FDM or TDM wrt SSB on the RRM requirements in RRC idle/inactive states. We propose the following impact on the requirements in idle/inactive states:

· Proposal #1:  The UE shall monitor every paging occasion regardless of any possible PO transmission scenario (i.e. PO FDM wrt the SSB in FR2, PO TDM wrt the SSB in FR1 or FR2).

· Proposal #2:  The UE shall measure the SS-RSRP and SS-RSRQ level of the serving cell and evaluate the cell selection criterion S for the serving cell at least once every 2 DRX cycles if TSMTC > 20 ms and DRX cycle ≤  0.64 second; otherwise the UE shall measure the SS-RSRP and SS-RSRQ level of the serving cell and evaluate the cell selection criterion S for the serving cell at least once every DRX cycle.
· Proposal #3:  The number of DRX cycle (Nserv) used for cell selection criterion S are relaxed by factor of 2 for DRX cycle ≤  0.64 second and when if TSMTC > 20 ms.
· Proposal #4:  The intra-frequency measurement time/evaluation times in RRC idle/inactive states are relaxed by factor of 1.5 if TSMTC of measured intra-frequency cell  > 20 ms and DRX cycle of measured intra-frequency cell is 320 ms.

· Proposal #5:  The inter-frequency measurement time/evaluation times in RRC idle/inactive states are relaxed by factor of 1.5 if TSMTC measured inter-frequency cell > 20 ms and DRX cycle of measured inter-frequency cell is 320 ms.

A CR to TS 38.133 to relax requirements due to impact of PO on the SSB based measurements in idle state is provided in [4].
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