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1. Introduction
The Rel-17 WI NB_IOTenh4_LTE_eMTC6 [1] includes one objective for neighbour cell measurement before RLF to reduce the time for RRC re-establishment with RAN4 included. 
	· Specify signaling for neighbour 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 last RAN2#113-e meeting, an LS [2] was sent out to RAN4 with the following questions:
	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?




Regarding the questions in the LS, we provide the analysis in this paper and the draft LS reply is supplemented in the Annex.
2. Discussion
The motivation of the objective is to enable the neighbour cell measurement in the connected state before RLF is declared to reduce the time to establish the connection to the target cell. As there is no neighbour cell measurement in connected state before, the conditions for each scenarios and the time needed for cell detection shall be discussed in RAN4 which will help the corresponding design in RAN2.
2.1 Scenarios
For legacy UE in LTE or NR, it could be configured with measurement gaps, and UE will perform neighbour cell measurement within or without gap for intra-frequency and inter-frequency measurement in connected state. For NB-IoT, it is stated in the WID that no specific gaps will be defined to enable the enhancement. Thus, based on this assumption, firstly, the measurement performed on the same frequency as the operation frequency (anchor or non-anchor) is feasible without gap (Scenario A and C). For scenarios B, D and E where the target frequency for neighbour cell measurement is different from the operation frequency, it means UE needs to switch to another frequency for measurement. As no specific gap will be defined, RAN2 is currently working on utilizing the duration when UE is not required to do data transmission and reception or NPDCCH detection to perform the neighbour cell measurement on another frequency. Regarding the questions raised by RAN2, RAN4 should provide the time duration needed for detection/measurement on a certain frequency layer, and let RAN2 decide whether the neighbour cell measurement could be done during the available time period.
Proposal 1: RAN4 provide the time duration needed for detection and measurement on a certain frequency layer.
So regarding the Q1 in the LS, RAN4 could confirm that: For scenario A and C, UE could perform measurement on neighbour anchor without measurement gap. For scenario B, D and E, UE could perform measurement on neighbour anchor without measurement gap provided that the UE is not required to do data transmission/reception or NPDCCH monitoring during the time period for detection and measurement.
Proposal 2: For scenario A and C, UE could perform measurement on neighbour anchor without measurement gap. For scenario B, D and E, UE could perform measurement on neighbour anchor without measurement gap provided that the UE is not required to do data transmission/reception or NPDCCH monitoring during the time period for detection and measurement.
Regarding the time for detection and measurement in the connected mode, it will be further discussed in the following part.
2.2 Time for detection and measurement 
For measurement on another frequency layer (Scenarios B, D and E), additional RF switching time shall be considered compared with Scenario A and C. However, the RF switching time is negligible compared with the time for detection and measurement. Then it is reasonable to provide a single value of time for cell detection and measurement for all scenarios.
Observation 1:  Provide the same time duration needed for detection/measurement for all scenarios. 
Regarding the neighbour cell measurement before RLF, it is intended to reduce the time for cell searching and measurement and it is only triggered when the channel condition is getting worse. Then, different from the neighbour cell measurement for normal UE, it is expected that UE could complete the neighbour cell detection and measurement more quickly. For instance, if UE performs the detection in a sparse manner (e.g. several instances every DRX), it will take quite a long time to detect the Cell and the RLF may have been declared before. Then the benefits of introducing the neighbour cell measurement would be quite limited. From RAN4 perspective, it is more reasonable to consider the neighbour cell detection and measurement in a more intensive manner.
Observation 2: Neighbour cell detection and measurement before RLF in a more intensive manner needs to be considered; otherwise, it will take a long time to detect the Cell and UE may already enter the RRC Re-establishment process.
For normal coverage, for scenarios A and C where UE could perform the detection and measurement without switching to anther frequency layer, it is proposed 800 ms for cell detection. Regarding the time for measurement, it could be further divided into NSSS-based measurement and NRS-based measurement. It is proposed 800 ms for measurement for both NSSS-based measurement NRS-based measurement provided that at least 1 DL subframe per radio frame cell is available at the UE during measurement period.
For scenarios B, D and E, the time needed for detection and measurement is similar to what is needed for scenario A and C. However, as no specific gap will be introduced, it is only possible for UE to perform the neighbour cell measurement when the UE is not scheduled and not monitoring NPDCCH. As mentioned above, if this time period is short and sparsely available for UE, it means UE may switch to another frequency and can only obtain a limited number of samples and switch back to the serving frequency, and the next available time period may emerge long after. Then the UE may need to take quite a long time to detect the cell in a frequency layer, which is not aligned with the goal to reduce the time for RRC Re-establishment because when the neighbour cell measurement is triggered, the RLF is potentially going to happen, thus it doesn't make much sense if the cell detection could only be completed in a relatively long time. Hence, it is reasonable that the length for a single available time duration for cell detection and measurement on a frequency layer should not be too short. For scenarios B, D and E, the length of a single duration for measurement is more essential for RAN2 to decide whether it is possible to perform neighbour cell measurement on other frequency layers. Therefore, it is proposed the time needed for detection is 800 ms with length of a single available time period to be at least 400 ms. For the time for measurement, similar approach shall be considered.
Another issue is that if UE could utilize the available time period to perform neighbour cell detection and measurement, the available time period may occasionally appear depending on the scheduling of NW. Then if the time interval between two available time periods is too long, then UE may not be able to use these two periods to perform neighbour cell detection and measurement. Then it is proposed to have restrictions on the maximum interval between two available time periods. It is reasonable to use the length of time for a Cell to remain known which is discussed in the following part (proposed to be 5 seconds).
Proposal 3: For normal coverage, for scenario A-E, the time needed for cell detection or measurement is 800 ms. For scenarios B, D and E, the length of a single available time period for detection or measurement shall be at least 400 ms, and the maximum interval between two available time periods for detection/measurement on the cell shall be less than 5 seconds.
For enhanced coverage, based on similar considerations, the time needed for cell detection and measurement could be 8000 ms and 2000 ms respectively. Based on similar considerations, for scenarios B, D and E, the minimum length of a single available time period should be at least 2000 ms. However, for both normal coverage and enhanced coverage cases, if UE is required to perform neighbour cell measurement on multiple layers, UE may share the available time period in sequence. It could be observed that neighbour cell measurement for a cell in enhanced coverage will take multiple amounts of time compared with the case in normal coverage. This means that the overall time will be scaled, and then the time to detect a cell will be much longer even for a cell in normal coverage, which means the benefit of enabling the neighbour cell measurement to reduce the time for Re-establishment before RLF is negligible.
Observation 3: The benefit of neighbour cell measurement in enhanced coverage before RLF is limited in time reduction for RRC Re-establishment.
Based on the analysis above, to accomplish the goal in the objective to reduce the time for RRC re-establishment via neighbour cell measurement before RLF, it is suggested to focus on the normal coverage and provide the observations to RAN2 in the LS reply.
Proposal 4: Focus on neighbour cell measurement before RLF in normal coverage and provide the observations to RAN2 in the LS reply.
It should be noted that, the analysis above is about the Cell detection and measurement on a single frequency layer. If UE is configured to perform neighbour cell measurement on multiple frequency layers, the overall delay shall be longer (e.g. scaled by the number of layers), and the maximum interval between two available time periods shall be scaled.
Observation 4: The overall time for neighbour cell detection and measurement will be longer if UE is configured to perform neighbour cell measurement on multiple frequency layers, and the maximum interval between two available time periods shall be scaled.
2.3 Known conditions 
Regarding Q3 and Q5, it is related to the definition of a known cell, for which the cell searching time could be saved in the RRC re-establishment process. For Q3, we believe the description in the question is not aligned with RAN4’s understanding. For a known cell, for which the searching time is not needed, the cell shall be detected AND measured within a certain period of time. Then UE could use the previous information to establish the connection to the target cell. A straightforward response will help RAN2 to have clear understanding about under what conditions the Cell could be remained known. A reasonable value is 5 s, which has been widely used in LTE and NR. It means when the RRC re-establishment is triggered, UE does not to need to do cell searching if the target cell has been measured within the last 5 seconds and during which the Cell remains detectable. Then the response regarding Q3 and Q5 is proposed as follows: The neighbour cell can be considered as known if it has been measured within the last 5 seconds and during which the cell remains detectable.
Proposal 5: The neighbour cell can be considered as known if it has been measured within the last 5 seconds and during which the cell remains detectable.
3. Conclusions
Proposal 1: RAN4 provide the time duration needed for detection and measurement on a certain frequency layer.
Proposal 2: For scenario A and C, UE could perform measurement on neighbour anchor without measurement gap. For scenario B, D and E, UE could perform measurement on neighbour anchor without measurement gap provided that the UE is not required to do data transmission/reception or NPDCCH monitoring during the time period for detection and measurement.
Observation 1:  Provide the same time duration needed for detection/measurement for all scenarios. 
Observation 2: Neighbour cell detection and measurement before RLF in a more intensive manner needs to be considered; otherwise, it will take a long time to detect the Cell and UE may already enter the RRC Re-establishment process.
Proposal 3: For normal coverage, for scenario A-E, the time needed for cell detection or measurement is 800 ms. For scenarios B, D and E, the length of a single available time period for detection or measurement shall be at least 400 ms, and the maximum interval between two available time periods for detection/measurement on the cell shall be less than 5 seconds.
Observation 3: The benefits of neighbour cell measurement in enhanced coverage before RLF is limited in time reduction for RRC Re-establishment.
Proposal 4: Focus on neighbour cell measurement before RLF in normal coverage and provide the observations to RAN2 in the LS reply.
Observation 4: The overall time for neighbour cell detection and measurement will be longer if UE is configured to perform neighbour cell measurement on multiple frequency layers, and the maximum interval between two available time periods shall be scaled.
Proposal 5: The neighbour cell can be considered as known if it has been measured within the last 5 seconds and during which the cell remains detectable.
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1. Overall Description:
RAN4 thanks RAN2 for the LS on neighbour cell measurement in NB-IoT RRC_CONNECTED state. RAN4 has discussed these questions in RAN4#98-bis-e and reached the following conclusions:
Q1: Can UE perform measurements on neighbour anchor for RRC reestablishment, before RLF is declared, without measurement gaps and what would the conditions be?
[RAN4 Response]: For scenario A and C, UE could perform measurements on neighbour cells without measurement gaps. For scenario B, D and E, UE could perform measurements on neighbour cells without measurement gaps provided that the UE is not required to do data transmission/reception or NPDCCH monitoring during the time period for detection and measurement.
Q2: How long does it take to perform cell detection both in normal and in extended coverage?
[RAN4 Response]: For normal coverage, for scenario A-E, the time needed for cell detection or measurement is 800 ms respectively. For scenarios B, D and E, the length of a single available time period for detection or measurement shall be at least 400 ms, and the maximum interval between two available time periods for detection/measurement on the cell is less than 5 seconds.
The time needed for neighbour cell detection and measurement in enhanced coverage is much longer than normal coverage. The benefits of enabling neighbour cell measurement in enhanced coverage are limited from RAN4’s perspective.
The overall time for cell detection and measurement will be longer if UE is configured to perform neighbour cell measurement on multiple frequency layers.
Q3: For how long the neighbour cell can be considered as known after it has been detected/re-confirmed?
[RAN4 Response]: The neighbour cell can be considered as known if it has been measured within the last 5 seconds and during which the cell remains detectable.
Q4: How long does it take to perform NRSRP measurements?
[RAN4 Response]: Please see the response to Q1.
Q5: For how long the NRSRP measurements can be considered as valid?
[RAN4 Response]: Please see the response to Q3.

2. To RAN WG1 group. 
ACTION: 	RAN4 respectfully asks RAN2 to take the above agreements into account.

3. Date of Next TSG-RAN WG4 Meetings:
TSG-RAN4 Meeting #99-e		Online
TSG-RAN4 Meeting #100-e		Online
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