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1	Introduction
The RAN4 work to improve the interruption time between RLF triggering and RRC re-establishment has been ongoing for last few meetings. The way forward document from last meeting contains numerous open issues to be discussed further [1] and in this contribution we discuss and provide our view on those.  
2	Discussions
The first open issue is related to applicability conditions of the inter-frequency measurements. 
	Sub-1: Interruption due to data traffic
FFS:
Option 1: The measurement period requirements for inter-frequency cell detection and measurements in connected mode shall apply assuming no UL/DL scheduling for the UE during the measurement period.



The purpose of option 1 above is to clarify thar the inter-frequency measurement requirements specified for fast RLF applies only when there is no UL/DL scheduling. We understand the purpose. It is recalled that RAN4 discussed and identified the conditions under which the inter-frequency measurements are feasible (reproduced below) [2]:
	· When the carrier frequencies of serving cell and of measurement neighbour cell are different (scenarios B/D/E), UE can perform neighbour cell measurement without gaps without causing interruptions to serving cell using any occasion where the UE is not scheduled which includes any of the following:
· Vacant slots not scheduled for data transmission, i.e. when not required to do data transmission/reception 
· When not required to do NPDCCH monitoring
· during the DRX inactive period i.e. when the UE is configured with DRX. 



It is also noted that the formula agreed at last meeting to define the inter-frequency cell detection and measurements are based on multiple samples taken during measurement occasions. It shall be clarified that UE is not expected to be scheduled for transmission or reception during the measurement occasion. This can be clarified in the CR. Any other changes are not needed in our view. 
Proposal 1: It needs to be clarified that UE is not expected to be scheduled for UL/DL during the measurement occasion of inter-frequency cell detection and measurements.

The second open issue is related to the minimum length per occasion. 
	Sub-2: Minimum length per occasion
FFS:
Option 1
Minimum length of occasion for measurements:  50 ms
Minimum length of occasion for cell detection:  200 ms
Option 2
Minimum length of occasion for cell detection is 21 ms.
Minimum length of occasion for NRS based measurement is 11 ms, and 21ms for NSSS based measurement.



The formula used for expressing the inter-frequency cell detection delay and measurement delay are based on multiple samples which are taken over a period called measurement occasion. The above open issue is related to the minimum length of the measurement occasion to avoid that the UE performs frequent RF retunings. 
The NB-IoT synchronization signals NPSS and NSSS have periodicity of 10 ms and 20 ms respectively. This means the measurement occasion needs to be at least 20 ms long to accommodate at least one NSSS in measurement occasion. Therefore we support 21 ms as the minimum length of occasion for cell detection.
For NRS based RRM measurement, the transmission depends on the frame structure type. As also explained in [3], NRS signals are transmitted in subframes #0, #4 and #9 that do not contain NSSS for frame structure type 1. They are transmitted in subframes #0 and #9 that do not contain NSSS for frame structure type 2. Therefore taking into account the worst case, the minimum length of occasion for NRS based and NSSS-based measurement can be set to 11 ms and 21 ms respectively. 
Proposal 2: 
· Minimum length of occasion for cell detection is 21 ms.
· Minimum length of occasion for NRS based measurement is 11 ms, and 21ms for NSSS based measurement.

In addition, it is FFS whether to define maximum value of Tmeasure_inter and Tdetect_inter. Our view is that there is no need to explicitly define the maximum value since those can be calculated based on the SUM function. For the cell detection part, the maximum number of samples are 70. For RRM measurements the maximum number of samples are 60 and 40 for NRS and NSSS based RRM measurement as agreed at last meeting.
Proposal 3: There is no need to define the maximum value for Tmeasure_inter and Tdetect_inter. If defined, they should be calculated based on the number of samples as agreed at last meeting. 

The third open issue is related to carriers for neighbour cell measurements:
	FFS:
Option 1:
The UE continues measuring on at least one neighbour cell detected in RRC_IDLE/INACTIVE modes at least once every 5 seconds after transition to RRC_CONNECTED state provided that it belongs to the serving carrier frequency and meets the side condition (Es/Iot >= -6 dB).



Typically, intra-frequency carriers are more often used for mobility than the inter-frequency carriers. Therefore the UE measures on the intra-frequency carriers more often than the inter-frequency carriers. This is expected to be the case for fast RLF feature since measurements on inter-frequency carriers depends on several conditions such as vacant slots where the UE is not performing any transmission or reception. It is also for same reason that that large part of the measurement gaps are assigned to the intra-frequency carriers compared to inter-frequency carriers in LTE. 
Observation 1: Intra-frequency carriers are more likely to be used for RRC re-establishment compared to inter-frequency carriers for NB-IoT in Rel-17. 
The UE is always preconfigured with carriers for measurements using SIB for example for the neighbour cell measurements in IDLE/INACTIVE mode. It is also recalled that Tsearch in RRC reestablishment delay on a known cell is significantly shorter than unknown cell, e.g. 80 ms compared to 1400 ms. Hence, there is significant improvement in the RRC reestablishment delay if the UE can prioritize RRC reestablishment on a known intra-frequency cell on the serving carrier compared to a new yet to be detected cell on a random carrier. This can be realized by UE continuing to measure on at least one neighbour cell detected in RRC_IDLE/INACTIVE mode even after transitioning to RRC_CONNECTED mode provided that the cell belongs to the serving carrier and meets the side condition (Es/Iot >= -6 dB for normal coverage). In order to not degrade the UE power consumption, such measurements needs to be done quite infrequently and every 5 seconds is a reasonable periodicity since it defines the known cell condition. In fact, our view is that this approach can shorten the total RRC reestablishment delay considerably compared to the inter-frequency approach which rely on vacant slots. 
Proposal 4: The UE continues measuring on at least one neighbour cell detected in RRC_IDLE/INACTIVE modes at least once every 5 seconds after transition to RRC_CONNECTED state provided that it belongs to the serving carrier frequency and meets the side condition (Es/Iot >= -6 dB).
The above proposal can be implemented in RAN4 specification without affecting other WGs. For example, the intra-frequency RRC reestablishment delay requirements can be extended by cover the case when the target cell belongs to an overlapping carrier between IDLE/INACTIVE and CONNECTED mode that UE has been measuring on every 5 seconds. An example on how to capture the requirement in TS 36.133 is shown below.
Proposal 5: Intra-frequency RRC reestablishment delay requirements are modified as follows:
	6.5.2.X	UE Re-establishment delay requirement in normal coverage
The UE re-establishment delay (TUE_re-establish_delay_NB-IoT) is the time between the moments when any of the conditions requiring RRC re-establishment as defined in clause 5.3.7 in TS 36.331 [2] is detected by the UE to the time when the UE sends PRACH preamble to the target cell. The UE re-establishment delay (TUE_re-establish_delay_NB-IoT) requirement shall be less than:
TUE-re-establish_delay_NB-IoT = 100 ms + NNB-Iot-freq*Tsearch_NB1-NC + TSI_NB1-NC + TPRACH_NB-IoT
	Tsearch_NB1-NC: It is the time required by the UE to search the target cell:
	If the target cell is known, then Tsearch_NB1-NC = 0 ms. If the target cell is unknown and signal quality is sufficient for successful cell detection on the first attempt, then Tsearch_NB1-NC = 80 ms. Otherwise, Tsearch_NB1-NC = 1400 ms.
Tsearch_NB1-NC = 80 ms if target cell belongs an overlapping carrier configured for IDLE/INACTIVE mode measurements and target cell is a known cell.
….



The last open issue is related to whether UE should initiate the neighbour cell measurements when out-of-sync is detected [1]:
	 Issue 1-5-1: Whether to have additional triggering conditions 
FFS:
Option 1: In addition to the already agreed triggering conditions, the UE shall initiate the neighbour cell measurements if K number of out-of-sync indications are detected in the cell.




According to latest RAN2 agreements, the UE can be configured with a criteria for starting the measurements. The criteria includes a serving cell NRSRP threshold [RAN2#115-e agreements]:
	RAN2#115-e agreements:
· The configuration of the criteria for starting the measurements include a serving cell NRSRP threshold. FFS how to address variance (as agreed last meeting)




In addition, RAN2 has agreed to use s-SearchDeltaP and TSearchDeltaP for deciding the mobility state of the UE to determine whether to perform neighbour cell measurements [RAN2#116-e agreements]: 
	RAN2#116-e agreements:
· NW signals two separate thresholds for intra- and inter-frequency measurements.
· The values of s-SearchDeltaP and TSearchDeltaP may be different in RRC_CONNECTED and RRC_IDLE, they are signalled in a separate set of parameters. 
· s-SearchDeltaP has the same value range as the existing RRC_IDLE parameter
· FFS how to specify the state change



It is important to note that the measurements used in the above agreements are based on several samples that are averaged over time. However, the radio conditions of the UE can change much faster (e.g. in slot-level). For instance, the RLM out-of-sync evaluation is 400 ms for Rmax ≤ 64, however, the NRS based measurement period is 800 ms or NSS-based measurement period is 1600 ms. This means the radio link problems can be detected much faster compared to the conditions based on configured threshold or mobility state. Therefore we see benefits in UE initiating neighbour cell measurements if UE has detected K (e.g. K=1) number of out-of-sync indications regardless of the other already agreed conditions.
At last meeting when option 1 was discussed companies views were that triggering condition is within RAN2 scope. It is important to note that the RLM evaluation period which is defined as function Rmax and RRM measurement period are within RAN4 scope and the problem of RLM out-of-sync occurring even long before the neighbour cell measurement triggering condition is met is in the RAN4 competence to discuss and evaluate since those delays are defined in RRM specification. In fact, no technical arguments were received against the proposal. Therefore RAN4 needs to discuss the consequences of UE triggering RLM out-of-sync before the neighbour cell measurement triggering conditions is met, in which case those measurements become less useful and lead to unnecessary power consumption in the UE.
Proposal 6 RAN4 to discuss the consequences of UE triggering RLM out-of-sync before the neighbour cell measurement triggering conditions is met.
Proposal 7: In addition to the already agreed triggering conditions, the UE shall initiate the neighbour cell measurements if K (e.g. K=1) number of out-of-sync indications are detected in the cell.

3		Summary
In this contribution we have discussed the CONNECTED mode neighbour cell measurement requirements based on the identifies issues in [1]. Based on the discussions, we have made following observation and proposals:
Proposal 1: It needs to be clarified that UE is not expected to be scheduled for UL/DL during the measurement occasion of inter-frequency cell detection and measurements.

Proposal 2: 
· Minimum length of occasion for cell detection is 21 ms.
· Minimum length of occasion for NRS based measurement is 11 ms, and 21ms for NSSS based measurement.

Proposal 3: There is no need to define the maximum value for Tmeasure_inter and Tdetect_inter. If defined, they should be calculated based on the number of samples as agreed at last meeting. 
Observation 1: Intra-frequency carriers are more likely to be used for RRC re-establishment compared to inter-frequency carriers for NB-IoT in Rel-17. 
Proposal 4: The UE continues measuring on at least one neighbour cell detected in RRC_IDLE/INACTIVE modes at least once every 5 seconds after transition to RRC_CONNECTED state provided that it belongs to the serving carrier frequency and meets the side condition (Es/Iot >= -6 dB).
Proposal 5: Intra-frequency RRC reestablishment delay requirements are modified as follows:
Tsearch_NB1-NC = 80 ms if target cell belongs an overlapping carrier configured for IDLE/INACTIVE mode measurements and target cell is a known cell.
Proposal 6 RAN4 to discuss the consequences of UE triggering RLM out-of-sync before the neighbour cell measurement triggering conditions is met.
Proposal 7: In addition to the already agreed triggering conditions, the UE shall initiate the neighbour cell measurements if K (e.g. K=1) number of out-of-sync indications are detected in the cell.
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