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Introduction
In last many meetings RAN4 has been discussing an issue which was raised related to UE search in idle mode when serving cell quality no longer fulfil the cell selection criteria, S. We have provided views earlier on the issue during the discussions and in [9, 10]. 
In this paper we continue the discussion on these aspects and discuss whether any clarifications to current UE requirements are needed.
Discussion
Suitable cell search in idle mode
Current requirement
The issue raised addresses the search time related to the scenario when ‘the serving cell does not fulfil the cell selection criterion S’ [2]. The section is about measurement and evaluation of the serving cell 4.2.2.2. It states here the following:
If the UE has evaluated according to Table 4.2.2.2-1 in Nserv consecutive DRX cycles that the serving cell does not fulfil the cell selection criterion S, the UE shall initiate the measurements of all neighbour cells indicated by the serving cell, regardless of the measurement rules currently limiting UE measurement activities.
Hence, if the UE detects that the serving cell does no longer fulfil the cell selection criterion S, then the UE shall initiate unrestricted measurements on all indicated neighbor cells. In general, the understanding is that the serving cell will not indicate detailed neighbor cells in form of a neighbor cell list. Instead, the common scenario is that UE is configured with a number of inter-frequency and possibly inter-RAT carriers.
[bookmark: _Hlk110769233]Common configuration in idle mode does not include a detailed neighbour cell list.
The UE is assumed to initiate a search on all configured inter-frequency and inter-RAT carriers based on the information indicated in the system information. The UE may search for up to 10s seconds using this information to detect any new suitable cell. If no suitable cell is detected during the 10s unrestricted search the UE shall initiate a full PLMN search. This is also captured in 4.2.2.2 of 38.133:
If the UE in RRC_IDLE has not found any new suitable cell based on searches and measurements using the intra-frequency, inter-frequency and inter-RAT information indicated in the system information for 10 s, the UE shall initiate cell selection procedures for the selected PLMN as defined in TS 38.304 [1].
UE shall search regardless of the measurement rules currently limiting UE measurement activities.
The UE may search for up to 10s seconds.
The UE shall perform a search using the configured inter-frequency and inter-RAT carriers indicated in the system information.
Hence, the UE shall perform a full search on the configured carrier for up to 10s without applying any measurement restrictions including DRX. 
These requirements are very clear and has been applicable so far in legacy and in NR. Some concern has been raised that a UE may not have time enough during the 10s to search all possibly configured carriers when considering NR and FR2 search time.
Measurement delay of all neighbour cells indicated
Accounting the current requirements in 38.133 for the discussed scenario we look at the allowed UE search delay requirement for different targets including LTE, NR FR1 and NR FR2.
As the UE is required to search without limitations, the UE will search continuously without DRX. Based on this one guideline to the allowed detection delay would be the same delay as in connected mode with no DRX in use. We expect that the most important goal for the UE is to search and find a suitable cell as fast as possible. Hence, we expect that the search delay can be similar to intra-frequency measurements, without gaps, assuming that the UE will retune to each carrier candidate to be searched. With such assumption we expect that for each NR carrier any suitable cell on a carrier would be detected within:
· [bookmark: _Hlk106191683]Tidentify_intra_without_index = (TPSS/SSS_sync_intra + T SSB_measurement_period_intra) ms
Synchronisation delays and measurement delays are different for NR FR1 and NR FR2.
Search time each NR FR1 carrier
Synchronisation and measurement delay for NR FR1 assuming no DRX (table 9.2.5.1-1):
· TPSS/SSS_sync_intra = max( 600ms, ceil( 5 x Kp) x SMTC period )Note 1 x CSSFintra
Assumption is that no measurement restrictions are applied during the search, and a detectable cell on a carrier would be detected within:
· TPSS/SSS_sync_intra_FR1 = 5 x SMTC period
Assuming also allowing time for performing a set of measurements based on existing idle mode requirements, which assumes 2 samples:
· T SSB_measurement_period_intra_FR1 = 2 x SMTC period
Based on which we expect that a cell detection including measurements for an NR FR1 carrier would be performed within:
· Tidentify_intra_without_index_FR1 = (7 x SMTC period) ms

Search time each NR FR2 carrier
Synchronisation and measurement delay for NR FR2 assuming no DRX (table 9.2.5.1-2):
· TPSS/SSS_sync_intra = max(600ms, ceil(Mpss/sss_sync_w/o_gaps  x Kp x Klayer1_measurement)  x SMTC period)Note 1 x CSSFintra
Assuming no measurement restrictions are applied during the search a suitable cell on a carrier would be expected to be detected within:
· TPSS/SSS_sync_intra_FR2 = Mpss/sss_sync_w/o_gaps x SMTC period
With Mpss/sss_sync_w/o_gaps = 24. Assuming time for performing a set of measurements based on existing idle mode minimum requirements which assumes 2 samples but allowing a sweep of [4] due to FR2:
· T SSB_measurement_period_intra_FR2 = [2 x 4] x SMTC period
Based on which we expect that for NR FR2 carrier a cell detection and measurement round would be performed within:
· Tidentify_intra_without_index_FR2 = (32 x SMTC period) ms

The SMTC period is the configured SMTC period of the carrier searched. Table 1 collects the expected NR FR2 search delays based on above expected Tidentify_intra_without_index_FR2:
	
	TPSS/SSS_sync_intra [ms]
	TSSB_measurement_period_intra [ms]
	Tidentify_intra_without_index [ms]

	SMTC period
	FR1
	FR2
	FR1
	FR2
	FR1
	FR2

	5
	25
	120
	10
	40
	35
	160

	10
	50
	240
	20
	80
	70
	320

	20
	100
	480
	40
	160
	140
	640

	40
	200
	960
	80
	320
	280
	1280

	80
	400
	1920
	160
	640
	560
	2560

	160
	800
	3840
	320
	1280
	1120
	4960


Table 1: Expected search delays for NR FR1 and FR2 carriers for different SMTC periods.
Current UE measurement capability requirements regarding number of carriers the UE at least shall be able to support are as follows:
· Intra-frequency carrier, and
· Depending on UE capability, 7 NR inter-frequency carriers, and
· Depending on UE capability, 7 FDD E-UTRA inter-RAT carriers, and
· Depending on UE capability, 7 TDD E-UTRA inter-RAT carriers.
In addition to the requirements defined above, a UE supporting E-UTRA measurements in RRC_IDLE state shall be capable of monitoring a total of at least 14 carrier frequency layers, which includes serving layer, comprising of any above defined combination of E-UTRA FDD, E-UTRA TDD and NR layers.
Considering these requirements and the expected search delay the worst-case scenario would occur if the UE was configured with 7 FR2 NR carriers and additionally 7 LTE carriers.
Based on this, the question is whether there is a need to revisit the current UE requirement?

Question: Is there a need for any clarification?
Initially it is worth noting that there are currently no detailed UE requirements concerning how the UE shall search the available carriers. Only requirement is that the UE shall search, based on the available carrier information, for up to 10s.
It is expected that the UE can search LTE meanwhile searching NR FR1 carriers. This could be done in the gaps between searching NR FR1 carriers when SSB is not available in NR (between the configured SMTC periods for the searched NR FR1 carrier).
We also assume that the UE would be capable of searching LTE/FR1 simultaneously with searching NR FR2 carriers. Hence, we do not expect the NR FR1 or LTE will cause any search time bottle neck as the search delay is upper limited by the worst case NR FR1 delay of approximately 8 seconds (7*1120ms).
NR FR1 and LTE carrier searches can be performed within the existing 10 second requirement.
Looking at the expected search times in the table, we observe that the 10 second limit may in some scenarios limit whether UE would be able to search all available NR FR2 carriers.
In some NR FR2 scenarios the UE may not be able to search all configured NR FR2 carriers within 10s.
However, we also note, there is no requirement that the UE shall search all configured carriers. The requirement is that the UE shall search for up to 10s.
There is no requirement that the UE shall search all configured carriers. The requirement is that the UE shall search for up to 10s.
In the absolute worst-case scenario, which may be seen as being a very un-common configuration, the UE is configured with 7 LTE carriers and 7 NR carrier where all NR carriers are in FR2, and all 7 NR FR2 carriers is having the maximum SMTC period of 160ms. In such scenario the expected search time would be approximately 35 seconds (7*4960ms).
However, if the SMTC period for the 7 NR FR2 carrier is 40ms or less the search (for all configured carriers) can still be expected to be performed within existing 10 seconds.
It does not seem reasonable to define an extremely long extended search time as a general requirement to cover one very specific configuration. 
It should also be noted that if a carrier/cell is expected to be detected by the UE during initial access (power on) the general assumption is that the SSB period has to be 20ms.
In general, we do not see any motivation for changing the existing 10 second search limit before the UE shall initiate cell selection procedure. One reason for this is that there is no requirement that the UE shall search all carriers within 10s. Second reason is that if the current limit is extended it may delay the time before the UE finds a suitable cell. 
Currently, the requirement states that the UE shall search for 10s. The requirement does not state that UE shall search all carriers within the 10s. In the scenario where the UE is not able to search all carriers is when all NR carriers are in FR2 and all NR carriers are configured with SMTC periodicity longer than 40ms (hence, either 80 or 160ms). Based on this we do not see a need to change current requirements.
[bookmark: _Hlk127566148]Do not change the existing fixed 10 second search limit before UE shall initiate cell selection.
If, however, there is a need to account the scenario with a configuration where all NR carriers are NR FR2 carriers and all of the NR carriers are with SMTC periodicity of 80ms or 160ms, this would have to be done by allowing an extension to the current 10 seconds search limit only for those scenarios.
One way to cover this scenario, is to define the time for the UE to search for a new suitable cell based on searches and measurements using the intra-frequency, inter-frequency and inter-RAT information indicated in the system information as:
· Max(10s, Tidentify_intra_without_index_FR2)
where:
· Tidentify_intra_without_index_FR2 = NNR_FR2_carriers x (TPSS/SSS_sync_intra_FR2 + T SSB_measurement_period_intra_FR2)
· NNR_FR2_carriers is the number of configured NR FR2 carriers
· TPSS/SSS_sync_intra_FR2 = 24 x SMTC period for the searched NR FR2 carrier
· T SSB_measurement_period_intra_FR2 = 8 x SMTC period for the searched NR FR2 carrier
And the TP for 38.133 would be:
If the UE in RRC_IDLE has not found any new suitable cell based on searches and measurements using the intra-frequency, inter-frequency and inter-RAT information indicated in the system information for Max(10 s, Tidentify_intra_without_index_FR2 s) the UE shall initiate cell selection procedures for the selected PLMN as defined in TS 38.304 [1].
Additionally, there would also be a need to capture the definition of different parameters.
In last meeting another alternative TP was discussed, which provided another way to address the issue if needed [8]. Following, we propose an alternative TP. 
4.2.2.2	Measurement and evaluation of serving cell
The UE shall measure the SS-RSRP and SS-RSRQ level of the serving cell and evaluate the cell selection criterion S defined in TS 38.304 [1] for the serving cell at least once every M1*N1 DRX cycle; where:
	M1=2 if SMTC periodicity (TSMTC) > 20 ms and DRX cycle ≤ 0.64 second,
	otherwise M1=1.
The UE shall filter the SS-RSRP and SS-RSRQ measurements of the serving cell using at least 2 measurements. Within the set of measurements used for the filtering, at least two measurements shall be spaced by, at least DRX cycle/2.
If the UE has evaluated according to Table 4.2.2.2-1 in Nserv consecutive DRX cycles that the serving cell does not fulfil the cell selection criterion S at time T1, the UE shall initiate the measurements of all neighbour cells indicated by the serving cell, regardless of the measurement rules currently limiting UE measurement activities.
If the UE in RRC_IDLE has not found any new suitable cell based on searches and measurements using the intra-frequency, inter-frequency and inter-RAT information indicated in the system information for 10s the UE shall initiate cell selection procedures for the selected PLMN as defined in TS 38.304 [1].
If the UE in RRC_IDLE has not found any new suitable cell based on searches and measurements using the intra-frequency, inter-frequency and inter-RAT information indicated in the system information for 10 s starting from T1 and provided that all the NR carrier frequencies indicated in the system information are in FR2, the UE is allowed to further search any new suitable cell using the NR FR2 inter-frequency information indicated in the system information until time instance T1 + ∆T, where

where:
	NNR_FR2 = (TPSS/SSS_sync_intra_FR2 + T SSB_measurement_period_intra_FR2), where
	TPSS/SSS_sync_intra_FR2 = TPSS/SSS_sync_intra as defined in 9.2.5.1, and
	T SSB_measurement_period_intra_FR2 = 8.
	 is the SMTC period of the NR FR2 carrier.
	NR FR2 carriers: the number NR FR2 carriers not searched during the initial 10s from T1.
If the UE in RRC_IDLE has not found any new suitable cell based on searches and measurements using the NR FR2 inter-frequency information indicated in the system information during ∆T, the UE shall initiate cell selection procedures for the selected PLMN as defined in TS 38.304 [1].
Following we give several TP options.

TPs for 38.133
Alternative#1:
Based on the discussion the proposed possible search time extension accounting the number of FR2 carriers configured and their SMTC periods, could be captured in section 4.2.2.2 as follows:
[bookmark: _Hlk110771875]If the UE in RRC_IDLE has not found any new suitable cell based on searches and measurements using the intra-frequency, inter-frequency and inter-RAT information indicated in the system information for Max(10 s, Tidentify_intra_without_index_FR2 s), where:
· [bookmark: _Hlk110771915]Tidentify_intra_without_index_FR2 = NNR_FR2_carriers x (TPSS/SSS_sync_intra_FR2 + T SSB_measurement_period_intra_FR2)
· NNR_FR2_carriers is the number of configured NR FR2 carriers
· TPSS/SSS_sync_intra_FR2: For a UE supporting FR2 power class 1 or 5, TPSS/SSS_sync_intra_FR2 =40. For a UE supporting power class 2, TPSS/SSS_sync_intra_FR2 =24.  For a UE supporting FR2 power class 3, TPSS/SSS_sync_intra_FR2 =24. For a UE supporting FR2 power class 4, TPSS/SSS_sync_intra_FR2 =24.
· T SSB_measurement_period_intra_FR2 = 8 x SMTC period for the searched NR FR2 carrier
the UE shall initiate cell selection procedures for the selected PLMN as defined in TS 38.304 [1].
Alternative#2:
4.2.2.2	Measurement and evaluation of serving cell
The UE shall measure the SS-RSRP and SS-RSRQ level of the serving cell and evaluate the cell selection criterion S defined in TS 38.304 [1] for the serving cell at least once every M1*N1 DRX cycle; where:
	M1=2 if SMTC periodicity (TSMTC) > 20 ms and DRX cycle ≤ 0.64 second,
	otherwise M1=1.
The UE shall filter the SS-RSRP and SS-RSRQ measurements of the serving cell using at least 2 measurements. Within the set of measurements used for the filtering, at least two measurements shall be spaced by, at least DRX cycle/2.
If the UE has evaluated according to Table 4.2.2.2-1 in Nserv consecutive DRX cycles that the serving cell does not fulfil the cell selection criterion S at time T1, the UE shall initiate the measurements of all neighbour cells indicated by the serving cell, regardless of the measurement rules currently limiting UE measurement activities.
If the UE in RRC_IDLE has not found any new suitable cell based on searches and measurements using the intra-frequency, inter-frequency and inter-RAT information indicated in the system information for 10s the UE shall initiate cell selection procedures for the selected PLMN as defined in TS 38.304 [1].
If the UE in RRC_IDLE has not found any new suitable cell based on searches and measurements using the intra-frequency, inter-frequency and inter-RAT information indicated in the system information for 10 s starting from T1 and provided that all the NR carrier frequencies indicated in the system information are in FR2, the UE is allowed to further search any new suitable cell using the NR FR2 inter-frequency information indicated in the system information until time instance T1 + ∆T, where

where:
	NNR_FR2_carriers = 32, and
	NR FR2 carriers: is the number NR FR2 carriers not measured during the initial 10s.
If the UE in RRC_IDLE has not found any new suitable cell based on searches and measurements using the NR FR2 inter-frequency information indicated in the system information during ∆T, the UE shall initiate cell selection procedures for the selected PLMN as defined in TS 38.304 [1].
Alternative#3:
4.2.2.2	Measurement and evaluation of serving cell
The UE shall measure the SS-RSRP and SS-RSRQ level of the serving cell and evaluate the cell selection criterion S defined in TS 38.304 [1] for the serving cell at least once every M1*N1 DRX cycle; where:
	M1=2 if SMTC periodicity (TSMTC) > 20 ms and DRX cycle ≤ 0.64 second,
	otherwise M1=1.
The UE shall filter the SS-RSRP and SS-RSRQ measurements of the serving cell using at least 2 measurements. Within the set of measurements used for the filtering, at least two measurements shall be spaced by, at least DRX cycle/2.
If the UE has evaluated according to Table 4.2.2.2-1 in Nserv consecutive DRX cycles that the serving cell does not fulfil the cell selection criterion S at time T1, the UE shall initiate the measurements of all neighbour cells indicated by the serving cell, regardless of the measurement rules currently limiting UE measurement activities.
If the UE in RRC_IDLE has not found any new suitable cell based on searches and measurements using the intra-frequency, inter-frequency and inter-RAT information indicated in the system information for 10s the UE shall initiate cell selection procedures for the selected PLMN as defined in TS 38.304 [1].
If the UE in RRC_IDLE has not found any new suitable cell based on searches and measurements using the intra-frequency, inter-frequency and inter-RAT information indicated in the system information for 10 s starting from T1 and provided that all the NR carrier frequencies indicated in the system information are in FR2, the UE is allowed to further search any new suitable cell using the NR FR2 inter-frequency information indicated in the system information until time instance T1 + ∆T, where

where:
	NNR_FR2 = (TPSS/SSS_sync_intra_FR2 + T SSB_measurement_period_intra_FR2), where
	TPSS/SSS_sync_intra_FR2 = TPSS/SSS_sync_intra as defined in 9.2.5.1, and
	T SSB_measurement_period_intra_FR2 = 8.
	 is the SMTC period of the NR FR2 carrier.
	NR FR2 carriers: the number NR FR2 carriers not searched during the initial 10s from T1.
If the UE in RRC_IDLE has not found any new suitable cell based on searches and measurements using the NR FR2 inter-frequency information indicated in the system information during ∆T, the UE shall initiate cell selection procedures for the selected PLMN as defined in TS 38.304 [1].

We have provided a CR capturing the proposal in [10].

Conclusion
In last meetings RAN4 has been discussing an issue which was raised related to UE search in idle mode when serving cell quality no longer fulfil the cell selection criteria, S. We have provided views earlier on the issue during the discussions and in [9].
In this paper we give our view on the issue and whether any clarification to the current UE requirement is needed. Based on the discussed we make several observations:
1. Common configuration in idle mode does not include a detailed neighbour cell list.
UE shall search regardless of the measurement rules currently limiting UE measurement activities.
The UE may search for up to 10s seconds.
The UE shall perform a search using the configured inter-frequency and inter-RAT carriers indicated in the system information.
NR FR1 and LTE carrier searches can be performed within the existing 10 second requirement.
In some NR FR2 scenarios the UE may not be able to search all configured NR FR2 carriers within 10s.
There is no requirement that the UE shall search all configured carriers. The requirement is that the UE shall search for up to 10s.
It does not seem reasonable to define an extremely long extended search time as general requirement to cover one very specific configuration. 
Hence, in general we propose following:
1. Do not change the existing fixed 10 second search limit before UE shall initiate cell selection.
However, if the group see that there is a need to also cover requirements for the very extreme FR2 configuration option, any new requirements will then need to account the more detailed NR FR2 conditions and to ensure relaxation is allowed for those scenarios only.
For the purpose of illustration, we have provided such proposal in a CR [11]
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