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1. Introduction
The Rel-17 additional enhancements for NB-IoT and LTE-MTC WI was approved at RAN#86 and updated at RAN#88e [1]. Some issues regarding to the neighbour cell measurement in connected state of NB-IoT are already discussed in RAN4#98-bis-e meeting to answer the question raised in RAN2’s LS, and the response from RAN4 is replied in the LS [2]. In the last RAN4 meeting, the scenarios and multiple carriers operations were discussed with agreement captured in [3]. In this paper, we further present our views on the RRM requirements for neighbour cell measurement of Rel-17 NB-IoT.
2. Discussion
In previous meetings, some issues are already discussed in terms of measurement time, detection time, known conditions in the LS reply to RAN4. In the last RAN4 meeting, companies discussed the multi-carriers operations and how to define the corresponding requirements. For more constructive progress in RAN2 about the mechanism of the neighbour cell measurement, we further provide the remaining issues on how to define the details RRM requirements of this feature.
2.1 Multiple carriers operation
When UE is required to perform neighbour cell measurement on multiple carries, the measurement capability and prioritization of carriers are discussed with following agreements:
	Issue 1-1-4: Intra-frequency and inter-frequency measurement.
Define requirements for both intra-frequency and inter-frequency measurement.
Regarding whether to prioritize intra-frequency measurement, follow the conclusion from RAN2 that prioritisation of carriers/cells to measure is left to the UE implementation.
Issue 1-1-5: Multiple carriers for neighbour cell measurements.
· Agreements :
· The UE with the support of CONNECTED mode neighbor cell measurements shall support neighbour cell measurements on at least same number of carriers in CONNECTED mode as in IDLE mode, including the carrier which is same as the serving carrier and at least two carriers, which are different from the serving carrier. 
· Detection and measurement delay shall be scaled by the number of measured carriers
· Note: it is RAN4 understanding that support of CONNECTED mode neighbor cell measurements is an optional UE capability




The latest status from RAN2 are shown as follows:

	RAN2 115e
Agreements:
· The configuration of the criteria for starting the measurements include a serving cell NRSRP threshold. FSS how to address variance (as agreed last meeting)
· It is useful to have a shorter T310 timer for UEs supporting this enhancement, but FFS whether this is best achieved with the existing dedicated signalling or based on a new condition
Agreements

· Prioritisation of carriers/cells to measure is left to the UE implementation.
· FFS:  whether to provide a separate criteria for inter-frequency measurements (i.e. needing re-tuning) considering that they will take longer and should start earlier.
· Legacy relaxed monitoring criteria is reused to address the variance part of the criteria to start the measurements.
· FFS: Whether it is enabled by the provision of separate SSearchDeltaP and TSearchDeltaP parameters from RRC_IDLE.
· The conditions where the UE is required to perform measurements are specified.  No requirement on when to stop measurements is needed.
· The configuration of the criteria for starting the measurements is provided via broadcast signalling.
· Provision of information regarding which cells/carriers to be considered is not supported. It is up to UE implementation to choose and prioritize carrier/cell list for measurement.
· Report of the cells measured in RRC_IDLE to assist measurement configuration is not supported.
· Report of information about connected measurements during the RRC Connection re-establishment procedure for network optimisation is not supported.
· There is no need to specify which subframes can be used for measurements beyond them not being needed for PDCCH monitoring or data transmission / reception.
· Support for connected mode measurement is optional with capability signalling.
· FFS: Whether to support an indication from the UE that it starts/ stops performing measurement.



From RAN2’s agreements, it could be observed that prioritisation of carriers/cells to measure is left to the UE implementation, which is also discussed in the last RAN4 meeting. And according to RAN4’s agreements, UE shall keep the same measurement capability as IDLE mode that supporting at least the carriers including the carrier which is same as the serving carrier and at least two carriers, which are different from the serving carrier. And the measurement and detection time shall be scaled by the number of carriers. 
Observation 1: Prioritisation of carriers/cells to measure is left to the UE implementation.
Observation 2: Detection and measurement delay shall be scaled by the number of measured carriers.
Another issue is how to consider the carriers/cells detected in idle mode and connected mode. The status are as follows:
	Issue 1-1-7: Known cell in IDLE mode.
FFS:
· Option 1: It would be beneficial for the UE to measure neighbour cells detected in idle mode continuously (at least once every 5 seconds) during connected mode so that it can maintain a set of known candidate cells. Detection of new cells in connected mode would not be precluded.
FSS what is the impact on connected mode neighbour cell measurement requirements.



The motivation is that UE can utilize the cell information obtained in idle mode neighbour cell measurement when it enters connected mode, and UE can keep measuring these cell. At that time, the common understanding is that NW will explicitly configure the carrier information of connected neighbour cell measurement. And in this way, it may have impact on the overall delay if UE is allowed to keep measuring the cells which is different from the carriers configured by NW. However, according to latest RAN2 agreements, provision of information regarding which cells/carriers to be considered is not supported. It is up to UE implementation to choose and prioritize carrier/cell list for measurement.
Observation 3: The carriers/cell to be perform connect mode neighbour cell measurement is up to UE implementations. 
According to the above observation, there is no further impact of the above issues. UE could choose to carriers to perform neighbour cell measurement in according to the cell/carrier information obtained in IDLE mode (e.g. sib3 and sib5).
Proposal 1: Carriers to perform neighbour cell measurement in connected mode is up to UE implementation, which could be the carriers detected in IDLE mode.
2.1 Normal coverage and enhanced coverage 
The scenarios to be considered of neighbour cell measurement in connected mode when target/source cell is in normal coverage and enhanced coverage are discussed for several meetings. According to the LS reply to RAN2 [2], RAN4 has replied both time needed for cell detection/measurement in both NC and EC based on the current requirements for RRC re-establishment. However, as explained in previous meetings, the neighbour cell measurement in connected mode of NB-IoT is different from other measurement in connected mode as defined for LTE, eMTC or NR, which is more like periodic measurement, and the measurement report will be reported periodically or triggered by particular event. The feature for NB-IoT can only be triggered when the channel conditions of serving cell is deteriorating, and the measurement before RLF is to save the time for cell searching in RRC re-establishment.
Observation 4:  The neighbour cell measurement can only be triggered when the channel conditions of serving cell is deteriorating, and the measurement before RLF is to save the time for cell searching in RRC re-establishment.
As replied to RAN2, the time for cell searching in EC could be up to 14800 ms which is 10 times more than the time needed to find a cell in NC. The available time for UE to performance the neighbour cell measurement is limited (from the time when the measurement is triggered by channel condition deteriorating to RLF), apparently, it is not a typical scenario to consider that UE use that long time within the limited available time to find a cell in bad coverage.
Observation 5: The available time for neighbour cell measurement is limited which is from the point when the triggering conditions are met (channel quality deterioration) to the point that RLF is triggered, which may be not enough to find a cell in EC.
As also illustrated in the last meeting in our paper, the maximum time before the 1st OOS until RLF is 8200 ms (max T310 and N310), which is even far less than the time needed to detect a cell in enhanced coverage. Even the triggering point is far before the OOS, the time is barely enough for only detect one single layer in enhanced coverage. Consider that UE can only utilize the time occasion without impacts on data transmission, the overall the delay could be much longer than 14800ms. We think it goes against with the goal of this procedure that try to find some suitable cells before RLF. As discussed above about multiple carriers operation, UE may take turns to find cells in intra-frequency and inter-frequency. It make more sense that UE make full use of the time to search cell in good coverage.
Observation 6: The typical implementation is to find cell in good conditions within the limited time before RLF.
During the discussion in the last meeting, most companies agreed that for this feature, to find a cell in enhanced coverage may not be the typical case to be considered. Companies commented to wait for more RAN2 progress on whether there will be explicate indications on which occasions could be used for inter-frequency measurement. However, according to RAN2 agreements, RAN2 will not specify which subframes can be used for measurements beyond them not being needed for PDCCH monitoring or data transmission / reception. And based on the analysis above, it is up to UE to choose which carriers/cell to perform neighbour cell measurement. Then it is reasonable to consider the common scenario that UE searches cell in NC and define corresponding requirements. 
Proposal 2: The requirements for neighbour cell measurement on cells in enhanced coverage can be deprioritized. 
2.2 Measurement conditions when the carrier frequencies of serving cell and of measurement neighbour cell are different
Regarding the conditions to perform “inter-frequency” measurement when the carrier frequencies of serving cell and of measurement neighbour cell are different, we brought up the idea for several meeting, and companies need more time to check and come back in the next meeting. To be brief, the logic is quite sample. Different from inter-frequency measurement of LTE/eMTC/NR with configured measurement gap, the corresponding measurement could be easily derived in numbers of gap occasion. However, for neighbour cell measurement in NB-IoT, there is no such mechanism, the agreement in RAN2 and RAN4 is that UE can only utilize the time period without PDCCH monitoring or data transmission / reception.
Observation 7: There is no configured gap occasions for inter-frequency measurement, based on which the requirements could be derived in number of gap occasions. UE can only utilize the time period without PDCCH monitoring or data transmission / reception.
The motivation of our proposal is to have similar definition as “MGL” and “MGRP” as the conditions. The reasons are as follows:
1. As analysed in our previous paper, UE can only use the occasions without PDCCH monitoring or data to perform inter-frequency measurement. Which means the length of single occasion and interval between two occasions are not guaranteed. To define the inter-frequency measurement occasions, such conditions should be guaranteed just as the side conditions which have been defined in other requirements.
Observation 8: The side conditions for inter-frequency measurement about the length of single occasion and interval between two occasions shall be defined as there is no configured “MGL” and “MGRP”.
Take the inter-frequency measurement requirements for LTE as example, the identification delay is calculated by absolute time (TBasic) * 480/Tinter1* Nfreq. Tinter1 is defined as the minimum available time during 480 ms period. However, as explained above, there is no configured “MGL” and “MGRP” in NB, so it is necessary to have similar definition to define the requirements. 
	
-	When configuration 0 or configuration 1 in Table 8.1.2.3.2.1-1 is applied, ,

-	When configuration 2 or configuration 3 in Table 8.1.2.3.2.1-1 is applied, ,.



2. The second reason is that the available time is not guaranteed as the data transmission/reception should not be impacted. It is possible that there is little time occasion for UE to perform inter-frequency measurement. According to the example given in the last meeting. If the drx-cyle is configured as 1024 sf, which is shorter than the time needed for cell detection in normal coverage which is 1400 ms. And on duration timer is represented as the number of PDCCH period, which is decided by the Rmax and G. UE could only use the multiple measurement occasions to detect the cell in this carrier. As shown in the example, when UE detects the DCI which schedules the DL/UL data reception/transmission, UE shall stay active and the vacant time within drx cycle could be very short. Especially when the channel quality is becoming worse, the repetition number of NPDCCH monitoring and data reception is expected to be much higher, which means the whole drx cycle could be occupied. For cell detection, UE need to detect the target cell based on NPSS/NSSS. If the available occasion is rather short (occasion B in Fig.1), UE is not preferred to switch to another carrier for neighbour cell measurement and switch back to the serving cell. The reason is that the periodicity of NPSS and NSSS is 10 ms and 20 ms, considering the time needed for RF switching and switching back, it is not worth performing the neighbour cell measurement using this occasion as UE may only get several samples or even nothing. What's worse, it is the common assumption that UE may wake up before the on duration to do time tracking for NPDCCH monitoring, the corresponding time period shall also be included within the occasion. In this way, in the example, UE may only use occasion A and occasion C for neighbour cell measurement. Then a consequential question raises, as there is no specific gap, the interval between two feasible measurement occasions cannot be guaranteed. For example, if the interval between occasion A and occasion C is very long (e.g. longer than 5 seconds),
[image: ]
Fig1. Measurement occasions when neighbour cell is on a carrier different from the serving cell.
Regarding the maximum interval between two occasions, it is reasonable to take the 5 second as the starting point which is used in the known cell conditions. For the minimum length of a measurement occasion, considering the time for RF switching and switching back, and time needed for time tracking after UE switches back to the serving carrier. The minimum length of a measurement occasion is proposed to be 400 ms for normal coverage.
Proposal 3: The maximum interval between two occasions shall be less than 5 seconds and the minimum length of measurement occasion shall be at least 400 ms
2.3 Detailed neighbour cell measurement requirements 
In this clause, we further provide our views on how to define the detailed requirements for intra-frequency measurement and inter-frequency measurement and the overall delay consider multiple carriers operation. 
Firstly, for intra-frequency neighbour cell measurement, it is agreed that the cell detection time is 1400ms and measurement time is 800ms for NRS-based measurement and 1600 ms for NSSS-based measurement. Thus, the time needed for cell detection and measurement in normal coverage is defined as follows:
When DRX is not configured:
Tdetect_intra = 1400 ms
Tmeasure_intra = 800 ms for NRS-based measurement
Tmeasure_intra = 1600 ms for NSSS-based measurement
When DRX is configured:
Tdetect_intra = 5 DRX cycles
Tmeasure_intra = 5 DRX cycles
It should be noted that the above requirements is only for neighbour cell measurement on intra-frequency carrier only. When UE is required to measure multiple carriers, the delay requirements will be extended considering both intra-frequency and inter-frequency carriers.
Proposal 4: Intra-frequency cell detection and measurement requirements could be defined as:
When DRX is not configured:
Tdetect_intra = 1400 ms
Tmeasure_intra = 800 ms for NRS-based measurement
Tmeasure_intra = 1600 ms for NSSS-based measurement
When DRX is configured:
Tdetect_intra = 5 DRX cycles
Tmeasure_intra = 5 DRX cycles

For inter-frequency measurement, there is no need to distinguish DRX case and non-DRX cases. The reason is that UE can only use time occasions without PDCCH monitoring or data transmission/repletion. No matter whether DRX is configured or not, the available measurement occasions are same. Then it should be well considered about how to define the requirements for inter-frequency measurement without deterministic MGL and MGRP. Thus, it is proposed to follow the similar approach as used in LTE measurement requirements, where the actually delay is define by considering the actual available time for measurement. For example, the time needed for cell detection is 1400ms, for inter-frequency, the requirement could be defined as follows:
Tdetect_inter =   * Tinter_NB_interval
Where Tdetect_basic is 1400ms, Ninter_NB_occasion is the minimum length of available occasions during detection period, and Tinter_NB_interval is the minimum maximum interval between two available occasions during detection period. Here we give an example as follows, if the available time period for inter-frequency measurement (without PDCCH monitoring and data) are as follows:
[image: ]
Fig. 2. Inter-frequency cell detection. 
To detect a cell in another frequency layer, the cell detection time is 1400ms. According to the previous agreements UE could only use vacant occasions for neighbour cell measurement. As shown in Fig.2, UE may need occasion 1&2&3 for cell detection. Then the delay requirements shall be 800ms +900ms + 600ms = 2300ms. However it is hard to exactly describe it case by case. Then based on the above equation, the delay requirements could be derived as ceil (1400/500)*900 = 2700 ms with some relaxation.
Similarly, inter-frequency measurement requirements could be defined as:
Tmeasure_inter =   * Tmeasure_NB_interval
Where Tmeasure_basic is 800ms for NRS-based measurement and 1600ms for NSSS-based measurement, Ninter_NB_occasion is the minimum length of available occasions during measurement period, and Tinter_NB_interval is the maximum interval between two available occasions during measurement period.
Thus, based on the analysis above, the inter-frequency measurement requirements could be defined as:
Proposal 5:
Tdetect_inter =   * Tinter_NB_interval
Where Tdetect_basic is 1400ms, Ninter_NB_occasion is the minimum length of available occasions during detection period, and Tinter_NB_interval is the minimum maximum interval between two available occasions during detection period.
Tmeasure_inter =   * Tmeasure_NB_interval
Where Tmeasure_basic is 800ms for NRS-based measurement and 1600ms for NSSS-based measurement, Ninter_NB_occasion is the minimum length of available occasions during measurement period, and Tinter_NB_interval is the maximum interval between two available occasions during measurement period.
As explained above, the above requirements are only for detection and measurement on a single carrier. As agreed in RAN4 previous meetings, the time delay for detection and measurement shall be scaled for multiple carrier operations.
From RAN2’s agreements, prioritisation of carriers/cells to measure is left to the UE implementation, which is also discussed in the last RAN4 meeting. For instance, UE shall measure one serving carrier and two non-serving carrier, as it is up to UE whether to prioritize a certain carrier, then at worst case, for the measurement delay in each carrier, the measurement delay could be Tmeasure_intra+2*Tmeasure_inter. Thus, based on the analysis above, if UE is required to perform neighbour cell measurement on multiple carriers, the cell detection and measurement delay can be expressed as 
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.
Proposal 6: 
Cell detection delay and measurement delay can be defined as:
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.
3. Conclusions
Observation 1: Prioritisation of carriers/cells to measure is left to the UE implementation.
Observation 2: Detection and measurement delay shall be scaled by the number of measured carriers.
Observation 3: The carriers/cell to be perform connect mode neighbour cell measurement is up to UE implementations. 
Proposal 1: Carriers to perform neighbour cell measurement in connected mode is up to UE implementation, which could be the carriers detected in IDLE mode.
Observation 4:  The neighbour cell measurement can only be triggered when the channel conditions of serving cell is deteriorating, and the measurement before RLF is to save the time for cell searching in RRC re-establishment.
Observation 5: The available time for neighbour cell measurement is limited which is from the point when the triggering conditions are met (channel quality deterioration) to the point that RLF is triggered, which may be not enough to find a cell in EC.
Observation 6: The typical implementation is to find cell in good conditions within the limited time before RLF.
Proposal 2: The requirements for neighbour cell measurement on cells in enhanced coverage can be deprioritized. 
Observation 7: There is no configured gap occasions for inter-frequency measurement, based on which the requirements could be derived in number of gap occasions. UE can only utilize the time period without PDCCH monitoring or data transmission / reception.
Observation 8: The side conditions for inter-frequency measurement about the length of single occasion and interval between two occasions shall be defined as there is no configured “MGL” and “MGRP”.
Proposal 3: The maximum interval between two occasions shall be less than 5 seconds and the minimum length of measurement occasion shall be at least 400 ms
Proposal 4: Intra-frequency cell detection and measurement requirements could be defined as:
When DRX is not configured:
Tdetect_intra = 1400 ms
Tmeasure_intra = 800 ms for NRS-based measurement
Tmeasure_intra = 1600 ms for NSSS-based measurement
When DRX is configured:
Tdetect_intra = 5 DRX cycles
Tmeasure_intra = 5 DRX cycles
Proposal 5:
Tdetect_inter =   * Tinter_NB_interval
Where Tdetect_basic is 1400ms, Ninter_NB_occasion is the minimum length of available occasions during detection period, and Tinter_NB_interval is the maximum interval between two available occasions during detection period.
Tmeasure_inter =   * Tmeasure_NB_interval
Where Tmeasure_basic is 800ms for NRS-based measurement and 1600ms for NSSS-based measurement, Ninter_NB_occasion is the minimum length of available occasions during measurement period, and Tinter_NB_interval is the maximum interval between two available occasions during measurement period.
Proposal 6: 
Cell detection delay and measurement delay can be defined as:
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.
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