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Introduction
In last meeting RAN4#103e, an issue was raised related to UE search in idle mode when serving cell quality no longer fulfil the cell selection criteria, S, in [1, 2] and based on the meeting discussions a WF was agreed in [3]. Another issue discussed was regarding the number of serving carriers in SA which has been discussed and captured in the email discussion summary [5]. 
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.
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, but the common case 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 neighbor cell list.
The UE is assumed to initiate a full 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 based on this information in order to detect any new suitable cell. If no suitable cell is detected during the 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 full search on all 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. 

Measurement delay of all neighbour cells indicated
Accounting the current requirements in 38.133 for the discussed scenario we look at the expected UE search delay for different targets including LTE, NR FR1 and NR FR2.
As the UE is required to search without limitations, we can assume that the UE will search continuously. Based on this one guideline to the expected detection delay would be the same delay as in connected mode with no DRX in use. We expect that the search delay can be similar to intra-frequency measurements without gaps assuming UE will retune to each carrier searched. With such assumption we expect that for each NR carrier any suitable cell on a carrier would be detected no later than:
· [bookmark: _Hlk106191683]Tidentify_intra_without_index = (TPSS/SSS_sync_intra + T SSB_measurement_period_intra) ms
Synchronisation delay and measurement is 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
For idle mode and assuming no measurement restrictions are allowed to be applied during the search, a cell on a carrier would be detected no later than:
· 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 get for each carrier:
· Tidentify_intra_without_index_FR1 = (7 x SMTC period) ms

Search time each NR FR2 carrier
Synchronisation and measurement delay for NR FR1 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
As this is idle mode and no measurement restrictions are to be applied during the search a suitable cell on a carrier would be detected no later than:
· TPSS/SSS_sync_intra_FR2 = Mpss/sss_sync_w/o_gaps x SMTC period
With Mpss/sss_sync_w/o_gaps = 24. Assuming also allowing time for performing a set of measurements based on existing idle mode requirements which assume based on 2 samples but allowing sweep of [4] due to FR2:
· T SSB_measurement_period_intra_FR2 = [2 x 4] x SMTC period
Based on which we get for each carrier:
· Tidentify_intra_without_index_FR2 = (32 x SMTC period) ms

The SMTC period is the configured SMTC period of the carrier searched. Table XX collect the numbers based on above:
	
	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



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 were configured with 7 FR2 NR carrier and additionally 7 LTE carriers.

Need for any clarification?
It is expected that the UE can search LTE meanwhile searching NR FR1 carriers. This would done in the gaps between searching NR FR1 carriers when SSB is not available in NR (between the configured SMTC period 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 NR FR1 delay of approximately 8 seconds.
FR1 and LTE carrier search will not impact 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 can be expected to be able to fulfil the requirement regarding searching configured NR FR2 carriers.
In some NR FR2 scenarios the UE may not be able to search all configured NR FR2 carriers.
If there is a need to include the absolute worst, which may be seen as being a rather un-common configuration, where the UE is configured with the maximum number of 7 NR carrier of which all carriers are in FR2 where all 7 carriers have the maximum SMTC period of 160ms. In such scenario the expected search time – assuming UE search all carriers, would be approximately 35 seconds.
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 general requirement to cover one very specific configuration. 
In general, we do not see a strong motivation for changing the existing 10 second search limit before UE shall initiate cell selection.
No need to change the existing fixed 10 second search limit before UE shall initiate cell selection
If there is a need to account the scenario where the configuration of NR FR2 carriers and the configuration settings, like the SMTC period, this could be done by allowing an extension to the current 10 seconds search for those scenarios.
One proposal to 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.
 
TP for 38.133
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].
We have provided a CR capturing the proposal in [4].
Number of serving carriers in SA 
In last RAN4 meeting, the supported number of serving carriers for NR SA in Rel-17 was discussed. During the discussions following options were proposed in the email discussion summary [1] as below:
	Sub-topic 3-1: On number of carriers for NR SA in Rel-17
Option 1: For the requirements on number of serving carriers, we suggest not to specify the exact number of NR serving carriers in TS38.133. The number of NR serving carriers for NR SA can refer to the configurations for CA as defined in TS38.101-1/2/3. 

Option 2: Number of serving carriers capabilities of clause 3.6.2.1 shall be revised to following 
· up to 16 NR DL CCs in total, with 1 UL (or 2 UL if SUL is configured) in PCell and up to 8 UL (or 9 UL if SUL is configured) in total for SCells.
· SUL may be configured together with one of the UL.




The supported number of serving carriers requirements defined in RRM side are the general definition and cover all the scenarios, and RRM should support the CA configurations defined in RF specification. Since the CA configurations in RF will be updated based on the request, RRM requirements should be also updated to align with RF specification. 
In RF specification, there have TS38.101-1, TS38.101-2 and TS38.101-3 to represent the requirements for FR1, FR2 and FR1-FR2 interworking respectively. 
Option 1 is to add reference to RF specification TS TS38.101-1/TS38.101-2/TS38.101-3 and not to specify the exact number of NR serving carriers in TS38.133.
We understand that if we go with this option, RRM requirements for number of serving carriers will not be impacted when new CA band combinations are introduced in RF requirements, it seems the requirements for number of serving carriers in RRM is stable. However, anyone who read these RRM requirements, he/she will have no idea what the supported number of serving carriers is, and he/she will have to check 3 RF specifications TS TS38.101-1/TS38.101-2/TS38.101-3 and get the exact value. If he/she is not familiar with RF specification, he/she will need more time to understand and find the right place. 
Option 2 is to provide the exact value for the supported number of serving carriers in RRM requirements based on RF specification. 
If we go with this option, the RRM requirements is clear and readable. Anyone who read the RRM requirements, he/she will get the supported number of serving carriers directly. 
Since new CA combinations are always considered in RF, the exact value may be updated accordingly when new CA combinations are defined. It may cause frequent updating on the related requirements in RRM. Since RF requirements should be stable when closing to release frozen for each release. One possible way to reduce the continuous work in RRM requirements in one release could be to update RRM requirements for this part before release frozen for each release. 
In Rel-17, as FR2 inter-band CA requirements are introduced, the supported number of serving carriers need to be updated accordingly. It will be up to 16 DL carriers should be supported as defined in 38.102-2.
The supported numbers of serving carriers for NR SA should be defined as exact value
In Rel-17, it is up to 16 NR DL CCs in NR SA
The proposals are captured in CR [6].
Conclusion
RAN4 has discussed one issue related to UE search in idle mode when serving cell quality no longer fulfil the cell selection criteria, S, in [1, 2] and based on the meeting discussions a WF was agreed in [3].
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 a number of observations:
1. Common configuration in idle mode does not include a detailed neighbor cell list.
1. UE shall search regardless of the measurement rules currently limiting UE measurement activities.
1. The UE may search for up to 10s seconds.
1. The UE shall perform a full search on all configured inter-frequency and inter-RAT carriers indicated in the system information.
FR1 and LTE carrier search will not impact the existing 10 second requirement.
In some NR FR2 scenarios the UE may not be able to search all configured NR FR2 carriers.
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. No need to change the existing fixed 10 second search limit before UE shall initiate cell selection
However, if the group agree 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 FR2 conditions.
For the purpose of illustration, we have provided such proposal in a CR [4]
In RAN4#103e meeting, another issue on number of serving carriers in SA has been discussed and captured in the email discussion summary [5]. In this paper we also discussed this issue and provide our proposals as below: 
The supported numbers of serving carriers for NR SA should be defined as exact value
In Rel-17, it is up to 16 NR DL CCs in NR SA
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