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Introduction
At RAN4 #98bis-e, an LS from RAN2 is received on neighbour cell measurements in NB-IoT RRC_CONNECTED state [1]. The LS content is replicated below. 
	1	Overall description
RAN2 is currently working on below objective where RAN4 is also marked as one of the responsible group.
· [bookmark: _Hlk54086256]Specify signaling for neighbor cell measurements and corresponding measurement triggering before RLF, to reduce the time taken to RRC reestablishment to another cell, without defining specific gaps. [NB-IoT] [RAN2, RAN4].
Based on the below Figure, the intention of this objective can be expressed as to reduce the time between reference points C and D through specifying signalling for neighbor cell measurements in order to identify a suitable cell before RLF is declared.


RAN2 has also identified the scenarios shown in the table below that needs to be considered for NB-IoT connected mode neighbour cell measurements for RRC re-establishment to a target cell.
	Scenario
	Serving & Neighbour cell anchor carrier frequency
	UE connected mode operating Frequency

	A
	Intra-frequency
	Anchor carrier

	B
	Intra-frequency
	Non-Anchor carrier

	C
	Inter-frequency
	Non-Anchor carrier but same as Neighbour cell Anchor carrier

	D
	Inter-frequency
	Anchor carrier

	E
	Inter-frequency
	Non-Anchor carrier but different from Neighbour cell Anchor carrier


For each of the above scenario, RAN2 has the following questions:
1. Can UE perform measurements on neighbour anchor for RRC reestablishment, before RLF is declared, without measurement gaps and what would the conditions be?
1. How long does it take to perform cell detection both in normal and in extended coverage?
1. For how long the neighbour cell can be considered as known after it has been detected/re-confirmed?
1. How long does it take to perform NRSRP measurements?
1. For how long the NRSRP measurements can be considered as valid?
2	Actions
To 3GPP RAN4
ACTION: RAN2 respectfully asks RAN4 to take into account the above information and provide feedback to the above questions. 


This contribution provides our view on some of the above raised issues.
Discussion
In the Rel-17 WI on additional enhancements for NB-IoT and LTE-MTC [2], the objective is listed as 
· Specify signaling for neighbor cell measurements and corresponding measurement triggering before RLF, to reduce the time taken to RRC reestablishment to another cell, without defining specific gaps. [NB-IoT] [RAN2, RAN4].
In the justification in [2], it is mentioned that Rel-17 should address “lessons drawn from deployments and trials”. While we agree that it is preferable to handle the issue without defining specific gaps, the option to use measurement gaps under network control in this scenario should not be excluded. 
As mentioned in the LS, the objective is to reduce the time between reference points C (RLF failure declaration) and D (start of the random access procedure) through specifying signalling for neighbor cell measurements prior to reference point C, when timer T 310 expires. 
Delay Components for RRC Re-establishment 
The re-establishment delay requirement as specified in TS 36.133, clauses 6.5.2.1 for normal coverage and 6.5.2.2 for enhanced coverage, consists of the delay components given in the Table 1 below.
	Delay Components
	Value

	Fixed delay component
	100 msec

	Search time for Target cell
	Number of detected cells * Search time for target cell

	System Information acquisition 
	Time to acquire system information in target cell

	RACH Access Time
	Time for RACH Access completion

	Uplink Grant processing
	Time to decode and process uplink grant


Table 1: Delay components for RRC Re-establishment for NB-IoT UE
Out of the above delay components, the search time for target cell and the system information acquisition related delay are the major contributors to the re-establishment delay. These can be further minimized if the UE knows about the potential target cells in advance prior to RLF. For other delay components, they are either fixed or outside the scope of the RAN2 objective. The value of delay components for search time and system information acquisition also depends on whether the UE is in normal coverage or enhanced coverage at the time of RLF.
	The search time for target cell and system information acquisition related delay are the major contributors to the re-establishment delay.
Search Time for Target Cell 
According to TS 36.133, clause 6.5.2.1 the search time for re-establishment in normal coverage varies depending on whether a given target cell is already known or not. 
· If the target cell is already known, the search time is 0. The target cell is considered as known if it has been measured during last 5 seconds. It also means that measurement on the target cell was completed within last 5 seconds of the search time.
· If the target cell is unknown, the search time varies between 80 ms (in case of successful cell selection on the first attempt) to 1400 ms depending on the signal quality of the target cell. 
According to TS 36.133, clause 6.5.2.2 the search time for re-establishment in enhanced coverage varies depending on whether a given target cell is already known or not. 
· If the target cell is known already the search time is 0. The target cell is considered as known if it has been measured during last 5 seconds. It also means that measurement on the target cell was completed within last 5 seconds of the search time.
· If the target cell is unknown, the search time varies between 80 ms (in case of successful cell selection on the first attempt) to 14800 ms depending on the signal quality of the target cell.  
	The target cell search time depends on whether the target cell is known or unknown. In case it is known, it is 0 s, else it can vary between 80 and 1400 ms in normal coverage and between 80 and 14800 ms in enhanced coverage. 
System Information Acquisition Delay
The delay due to system information acquisition for an unknown target cell must be added on top. It depends on the system information scheduling in the target cell. MIB occurs every 640 ms and SIB1 occurs every 2560 ms as specified in TS 36.331. UE needs to acquire this information as minimum. It also depends on the required number of repetitions for each system information block as specified in TS 36.331, clause 5.2.1.2a.  
	The system information acquisition delay needs to be added for unknown target cells. It depends on the system information scheduling in the target cell (MIB and SIB1 are at least required) and the required number of repetitions for each system information block which will further increase the time required to identify the target cell. 
Scenarios for target cell 
The scenarios for the target cell listed in the LS distinguish between intra-frequency and inter-frequency target cells. Generally, for intra-frequency cells, cell search and identification can be expected to be faster than for inter-frequency cells in particular in normal coverage. A separate consideration is required for enhanced coverage, where intra-frequency and inter-frequency cells will impose larger delays.
Whether the UE is capable to measure the cells prior to RLF depends also on the number of target cells to be measured. 
	The depicted scenarios in the LS covering intra-frequency and inter-frequency target cells are quite different and need to be distinguished. The number of target cells to be measured prior RLF will also impact the measurement time. 
Intra-frequency and inter-frequency measurement requirements 
TS 36.133 specifies only intra-frequency measurement requirements in normal coverage (clause 8.14.2) and in enhanced coverage (clause 8.14.3):
· Normal coverage: in case no DRX is used in RRC_CONNECTED state, measurement period is 800 ms, else when DRX is used, measurement period is 5 DRX cycles and can range from 1280 ms to 51.2 s depending on the DRX cycle.
· Enhanced coverage: in case no DRX is used in RRC_CONNECTED state, measurement period is 1600 ms, else when DRX is used, measurement period is 5 DRX cycles and can range from 1280 ms to 51.2 s depending on the DRX cycle.
There against no requirements for inter-frequency measurements are specified in RRC_CONNECTED state.
	Intra-frequency measurement requirements for RRC_CONNECTED state for NB-IoT UE are specified in TS 36.133 whilst inter-frequency measurement requirements are not specified. Normal and enhanced coverage requirements are distinguished.
General consideration 
Based on the above, whether the UE is capable to measure the cells prior to RLF, depends on several conditions:
· whether the UE is in normal coverage or in enhanced coverage determining the search time for target cells
· whether the target cell is known or not 
· whether the target cell is on intra-frequency layer or inter-frequency layer
· the system information scheduling and the number of required repetitions in the target cell the UE needs to receive
· the number of target cells the UE is to measure 
· the DRX cycle in RRC_CONNECTED mode
· the network deployment.
	Whether the UE is capable to measure the cells prior to RLF, depends on several conditions:
· whether the UE is in normal coverage or in enhanced coverage determining the search time for target cells
· whether the target cell is known or not 
· whether the target cell is on intra-frequency layer or inter-frequency layer
· the system information scheduling and the number of required repetitions in the target cell the UE needs to receive
· the number of target cells the UE is to measure 
· the DRX cycle in RRC_CONNECTED mode
· the network deployment. 
Thus, an analysis of the required time to identify suitable target cell(s) will depend on the above conditions and further consideration on the investigated scenarios for the WI objective is required. For instance, scenarios A-C are intra-frequency scenarios or intra-frequency like scenarios, where faster target cell identification, possibly without gaps, can be achieved.
As mentioned above, the use of measurement gaps should not be excluded at this stage to enable full network control of the UE required to perform target cell measurements and also required to receive scheduled data traffic.
Thus, following proposals are made.
RAN2 to provide further information on the considered scenarios regarding the listed conditions in above observation 6.
The use of measurement gaps should not be excluded at this stage to enable full network control.  
Conclusion
This contribution addresses some of the issues raised in the RAN2 LS [1] on the matter to evaluate, whether cell search and cell identification of targets cells prior to RLF can be accommodated without defining specific gaps.
Following proposals are made.
1. RAN2 to provide further information on the considered scenarios regarding the listed conditions in above observation 6.
The use of measurement gaps should not be excluded at this stage to enable full network control.  
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  RAN2 has also identified the scenarios shown in the table below that needs to be considered for NB - IoT connected  mode neighbour cell measurements  for RRC re - establishment to a target cell .  

Scenario  Serving & Neighbour cell  anchor carrier frequency  UE connected mode operating Frequency  

A  Intra - frequency  Anchor carrier  

B  Intra - frequency  Non - Anchor carrier  

C  Inter - frequency  Non - Anchor carrier but same as Neighbour  cell Anchor carrier  

D  Inter - frequency  Anchor carrier  

E  Inter - frequency  Non - Anchor carrier but different from  Neighbour cell Anchor carrier  

For each of the above scenario, RAN2 has the following questions:   1.   Can UE perform measurements on neighbour anchor for RRC  reestablishment, before RLF is declared, without  measurement gaps and what would the conditions be?   2.   How long does it take to perform cell detection both in normal and in extended coverage?   3.   For how long the neighbour cell can be considered as known after it   has been detected/re - confirmed?   4.   How long does it take to perform NRSRP measurements?   5.   For how long the NRSRP measurements can be considered as valid?   2   Actions   To 3GPP RAN4   ACTION:  RAN2 respectfully asks RAN4 to take into account the above  information and provide feedback to the  above questions.    

This contribution  provides our view on  some of the above raised issues .  

