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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
Measurements of a target carrier different from the serving carrier
RAN4 has discussed the measurement interval on the neighbour cell on a target carrier which is different from the serving carrier and agreed that the maximum measurement interval between two measurement occasions is 5 seconds taking into account the known cell agreement. However, the minimum length of measurement occasion is FFS. 
According to current IDLE mode requirements, the UE shall filter the measurement using at least two measurements which are spaced by at least certain time (e.g. Tmeasure,EUTRAN_Inter/2). It shall be noted that also the CONNECTED mode measurements are also based on multiple samples with certain sampling rate (e.g. every 40 ms or every 80 ms) and averaging of those.
It is especially important that the non-serving carrier measurements in CONNECTED mode used for the RRC re-establishment also follow similar behavior since the measurement opportunities of non-serving carriers are limited compared to serving carrier measurements. The measurement occasions depend on several factors when the target carrier is different from the serving carrier as agreed in [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. 





Since the measurement opportunities of non-serving carriers are limited, it especially important that those measurements are reliable and therefore it is important that they are based on multiple samples and averaging of those. The minimum interval between two measurement occasion in this case defines the minimum time between two samples of a measurement. 
Since IDLE mode measurements are defined assuming at least two occasions, we propose to set the minimum length of measurement occasion as 80 ms which was the sampling rate assumed for NB-IoT measurements. On the other hand, we don’t see any need to introduce requirement on minimum length between two measurements since UE may trigger the measurements depending on the radio conditions. 
· Proposal #1: The minimum length between two measurement samples used of an inter-frequency measurement of a target cell is set 80 ms for normal and enhanced coverage respectively. 
· Proposal #2: No need to introduce condition on minimum occasion between two measurements. 
Based on the above discussions, the measurement period can be expressed using the following general formula:
Ns*min(Tmax, Ta)                (1)
where
· Ns = Scaling factor which corresponds to number of samples required for performing the measurement, e.g. Ns=Nm for NRSRP, or Ns=Nd for cell detection,
· Tmax = maximum time interval between two successive measurement samples is 5 seconds as agreed at last meeting,
· Tmin = minimum time interval between two successive measurement samples as currently being discussed (see proposal 1),
· Ta = Time interval between two successive measurement samples available for a measurement. 
· Ta ≥ Tmin since measurement occasions is not always guaranteed for inter-frequency measurements as per earlier agreement.
This means the UE can use measurement sample taken anywhere between Tmin (e.g. 80 ms) and up to Tmax (5 seconds) with respect to the last performed sample for measurement averaging or cell detection, see Figure 1. 


Figure 1 Illustration of minimum and maximum length between two measurement occasions

Given that the maximum measurement interval is 5 s as agreed, assuming 5 measurement samples as used for NRSRP in current specification (e.g. Table 8.14.2.2-1 in TS 36.133) and assuming the minimum measurement interval of 80 ms (based on proposal 1), the measurement period a NRSRP can be defined as:
Tmeasure_inter = 5*min(5000, Ta)  ms
Where Ta ≥ 80 ms. 
Likewise, following similar assumptions the cell detection delay can be expressed as follows:

Tdetect = Nd*min(5000, Ta)		ms
Where 
· Nd should refer to the number of cell detection attempts needed for correctly detect the target cell, 
· Ta ≥ 80 ms

· Proposal #3: RRM measurement requirements on a target carrier different from the serving carrier is defined as:
Tmeasure_inter = 5*min(5000, Ta)		ms
· Where Tmin ≤ Ta ≤ 5000 ms
· Tmin= time interval length between two successive measurement occasions.
· Assuming DL subframes containing NRS signals of the measured cell is available within (5, Ta) at the UE assuming the measured cell is an identified cell.

· Proposal #4: Cell detection requirements on a target carrier different from the serving carrier is defined as:
Tdetect = Nd*min(5000, Ta)		ms
· Where Tmin ≤ Ta ≤ 5000 ms
· Ms = number of detection attempts needed for successful cell detection
· Tmin=minimum time interval between two successive measurement occasions.
· Assuming that at least subframes # 0, #4, #5 or #9 containing NPSS/NSSS of the measured cell is available within min(5, Ta)

Measurements of a target carrier same as the serving carrier
The measurement delay requirements for the case when the target carrier is same as the serving carrier, the existing requirements can be reused since the measurement occasions are not limited and does not require RF retuning. 
· Proposal #5: Existing intra-frequency requirements are reused for the case when the measured target carrier is same as the serving carrier. 

Neighbor cell measurements of a cell in enhanced coverage
It has been discussed for last few meetings whether to deprioritize the work on neighbour cell measurement requirements in enhanced coverage. The motivation has been that the UE is more stationary in enhanced coverage compared to normal coverage and thus the fast recovery upon RLF triggering is not very relevant for UEs operating in enhanced coverage. Another motivation is the measurement delays, which are considerably longer than in normal coverage, which makes it difficult for the UE to detect new neighbor cell timely. Definition of enhanced coverage can be both with respect to serving cell as well as target measured cell. At last meeting it was agreed to deprioritize the CONNECTED mode neighbour cell measurement requirements when the target cell is in enhanced coverage. However, whether to deprioritize the case when serving cell is in enhanced coverage remains open [1]:
	FFS: Deprioritize defining CONNECTED mode neighbor cell measurement requirements when the serving cell is in enhanced coverage.



· Proposal #6: The work on defining the CONNECTED mode neighbor cell measurement requirements can be deprioritized from RAN4’s perspective when serving cell is in enhanced coverage.

Carriers to measure on in CONNECTED mode
Following options were discussed in last meeting [1]:
	FFS for following options:
○ Option 1: The UE may continue measuring on neighbour cells detected in RRC_IDLE/INACTIVE modes continuously (e.g. every 5 seconds) after transition to RRC_CONNECTED state provided the carrier of the detected cell is one of the configured carriers for RRC connection reestablishment. 
○ Option 2: Carriers to perform neighbour cell measurement in connected mode is up to UE implementation, which could be the carriers detected in IDLE mode. 



We understand the motivation behind option 1 that UE may have detected/measured cells in RRC_IDLE mode and the delay of detecting new neighbour cells during RRC re-establishment procedure can be shortened if UE continues measuring on those after switching to RRC_CONNECTED mode to maintain list of known cells. However, the measurement of the cells/carriers should be done carefully to avoid unnecessary UE power consumption. We see the benefit in option 1 only if the configured carrier for measurements in RRC_IDLE/INACTIVE state and the target carriers for RRC re-establishment procedure are overlapping or same. Otherwise, there is no benefit in UE continuing the measurement on a carrier after transition to RRC_CONNECTED mode. Overlapping of carriers in IDLE and CONNECTED states is still possible since in IDLE mode the UE is configured with carriers to monitor. It shall be noted that there is even a requirement that UE shall monitor certain number of carriers based on the configuration in SI. For RRC re-establishment the UE can use the same carrier information acquired in SIB during IDLE mode. 

For instance, if UE is configured to measure on F1 or has measured on F1 in RRC_IDLE/INACTIVE mode and F1 is one of the configured carriers for RRC connection re-establishment, then UE may continue to measure on the F1 even after switching from RRC_IDLE/INACTIVE mode to RRC_CONNECTED mode. 

This may considerably shorten the delay of performing RRC re-establishment upon detecting RLF since the UE may already have measured on that cell. However, in order to not drain the UE power consumption, the UE may measure very sparsely e.g. every 5 seconds (the known cell condition) resulting in much longer measurement delay compared to when UE measures more actively as in non-DRX.
· Observation #1: There is a benefit in UE measuring on neighbour cells detected in RRC_IDLE/INACTIVE mode continuously (e.g. once every 5 seconds) after transition to RRC_CONNECTED state if the carrier of the detected cell is one of the configured carriers for RRC connection reestablishment. 
· Proposal #7: The UE may continue measuring on neighbour cells detected in RRC_IDLE/INACTIVE modes continuously (e.g. every 5 seconds) after transition to RRC_CONNECTED state provided the carrier of the detected cell is one of the configured carriers for RRC connection reestablishment.  

Triggering of neighbour cell measurements
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 number of out-of-sync indications regardless of the other already agreed conditions.
· Proposal #8: 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.

Detection and measurement delay when UE is configured to monitor multiple carriers
Following option was discussed on how to express the detection and measurement delay when UE is required monitor multiple carriers [1]:
	FFS:
Tdetect = Tdetect _intra+Nfreq* Tdetect_inter
Tmeasure = Tmeasure _intra+Nfreq* Tmeasure_inter
Where Nfreq is number of inter-frequency layers to be measured according to the measurement capability.



We support the above option as it scales with the number of configured carriers. However, the individual delay for Tdetect_inter and Tmeasure_inter are decided based on the proposals in 3 and 4.
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: The minimum length between two measurement samples used of an inter-frequency measurement of a target cell is set 80 ms for normal and enhanced coverage respectively. 
· Proposal #2: No need to introduce condition on minimum occasion between two measurements. 
· Proposal #3: RRM measurement requirements on a target carrier different from the serving carrier is defined as:
Tmeasure_inter = 5*min(5000, Ta)		ms
· Where Tmin ≤ Ta ≤ 5000 ms
· Tmin= time interval length between two successive measurement occasions.
· Assuming DL subframes containing NRS signals of the measured cell is available within (5, Ta) at the UE assuming the measured cell is an identified cell.

· Proposal #4: Cell detection requirements on a target carrier different from the serving carrier is defined as:
Tdetect = Nd*min(5000, Ta)		ms
· Where Tmin ≤ Ta ≤ 5000 ms
· Ms = number of detection attempts needed for successful cell detection
· Tmin=minimum time interval between two successive measurement occasions.
· Assuming that at least subframes # 0, #4, #5 or #9 containing NPSS/NSSS of the measured cell is available within min(5, Ta)
· Proposal #5: Existing intra-frequency requirements are reused for the case when the measured target carrier is same as the serving carrier. 
· Proposal #6: The work on defining the CONNECTED mode neighbor cell measurement requirements can be deprioritized from RAN4’s perspective when serving cell is in enhanced coverage.
· Observation #1: There is a benefit in UE measuring on neighbour cells detected in RRC_IDLE/INACTIVE mode continuously (e.g. once every 5 seconds) after transition to RRC_CONNECTED state if the carrier of the detected cell is one of the configured carriers for RRC connection reestablishment. 
· Proposal #7: The UE may continue measuring on neighbour cells detected in RRC_IDLE/INACTIVE modes continuously (e.g. every 5 seconds) after transition to RRC_CONNECTED state provided the carrier of the detected cell is one of the configured carriers for RRC connection reestablishment.  
· Proposal #8: 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.
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