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1. Introduction

The Rel-17 WID of additional enhancements for NB-IoT and eMTC have been approved in RAN#86 and revision can be seen in [1]. The following objective is included in the WID:

	· 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 RAN2#111e[2], the main work was to clarify the scope of the objective from the WID, and some issues were identified as below:

	Agreements:

· Study current RLF procedure to understand the time taken to select the cell for access. Start and end points FFS.

· Support neighbour cell measurements in RRC_CONNECTED, at least for intra-frequency.

· FFS inter-frequency

· FFS whether measurements are done on the anchor carrier

· FFS how neighbour cell measurement is triggered 
· FFS how to perform neighbour cell measurements 
· Working assumption: Neighbour cell measurement results are not reported to the network in RRC_CONNECTED.

· FFS whether and when other information can be sent


After RAN2 #111e-meeting, the following email discussion has been performed [3]:

· [Post111-e][923][NBIOT R17] RLF Enhancements (Qualcomm)


Scope: Study current RLF procedure to understand the time taken to select the cell for access. Start and end points FFS.


Intended outcome: report to next meeting

Deadline: Long

In this contribution, we will focus on remaining issues after email discussion and give our proposals based on the analysis.
2. Background
In the email discussion [3], the RLF & RRC reestablishment procedure has been illustrated as below:
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Figure 1 RLF & RRC reestablishment procedure
As illustrated above, in RRC connected mode, NB-IoT UE performs the radio link monitoring in the serving cell. The UE shall estimate the downlink radio link quality and compare it to the thresholds Qout_Cat M1 and Qin_Cat M1. When the downlink radio link quality of the serving cell estimated over the last TEvaluate_Qout_CatM1 period becomes worse than the threshold Qout_CatM1, Layer 1 of the UE shall send an out-of-sync indication to RRC. When the downlink radio link quality of the serving cell estimated over the last TEvaluate_Qin_CatM1 period becomes better than the threshold Qin_CatM1, Layer 1 of the UE shall send an in-sync indication to RRC.

In RRC, upon receiving N310 consecutive "out-of-sync" indications, timer T310 is started. Upon receiving N311 consecutive "in-sync" indications, timer T310 is stopped. Once T310 expiry, the RRC connection re-establishment procedure is initiated. 

During the RRC re-establishment procedure, UE performs the cell selection procedure. Once a cell satisfies the cell selection criterion, UE initiates transmission of the RRCConnectionReestablishmentRequest message towards this cell. To be more precise, the actions of UE during RRC connection re-establishment can be divided into three steps: searching the target cell, obtaining the system information and initiating RACH.

The delay requirement of RRC re-establishment has been defined in RAN4 and copied here for reference:

	TS 36.133:

6.5.2.1
 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.

TSI_NB1-NC: It is the time required for receiving all the relevant system information according to the reception procedure and the RRC procedure delay of system information blocks defined in TS 36.331 [2] for the target cell for a UE in normal coverage.


TPRACH_NB-IoT: The additional delay caused by the random access procedure. The actual value of TPRACH_NB-IoT shall depend upon the NPRACH configuration used in the target cell and the number of repetition used by UE for sending random access to the target cell. There might be additional delay due to ramping procedure.

NNB-Iot-freq: It is the total number of NB-IoT frequencies to be monitored for RRC re-establishment; NNB-Iot-freq = 1 if the target cell is known.

There is no requirement if the target cell does not contain the UE context.

6.5.2.2
 UE Re-establishment delay requirement in enhanced 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-EC + TSI_NB1-EC + TPRACH_NB-IoT

Tsearch_NB1-EC: It is the time required by the UE to search the target cell:

If the target cell is known, then Tsearch_NB1-EC = 0 ms. If the target cell is unknown and signal quality is sufficient for successful cell detection on the first attempt, then Tsearch_NB1-EC = [80] ms. Otherwise, Tsearch_NB1-EC = [14800] ms.
TSI_NB1-EC: It is the time required for receiving all the relevant system information according to the reception procedure and the RRC procedure delay of system information blocks defined in TS 36.331 [2] for the target cell for a UE in enhanced coverage.

TPRACH_NB-IoT: The additional delay caused by the random access procedure. The actual value of TPRACH_NB-IoT shall depend upon the NPRACH configuration used in the target cell and the number of repetition used by UE for sending random access to the target cell. There might be additional delay due to ramping procedure.

NNB-Iot-freq: It is the total number of NB-IoT frequencies to be monitored for RRC re-establishment; NNB-Iot-freq = 1 if the target cell is known.

There is no requirement if the target cell does not contain the UE context.


During the email discussion, companies have different views on the start/stop point of counting total interruption time. Some company think the data still can be transmitted before expiration of T310 (the failure or loss of some packets may be possible), so the total interruption time should be from Ref point C to Ref point D, not from Ref point A. While some other company think there has to be consecutive N310 Out-of-sync indications between Ref Point A and Ref Point B. This means there would be no data received between Ref Point A and Ref Point B. From Ref Point B to Ref Point C, UE may be able to decode some USS (fewer than N311) but that does not necessarily mean NPDSCH is decoded correctly. So Ref Point A can be a start point of total interruption time. Moreover, one company indicates stop point of total interruption time should not be Ref Point D, but the point of successful re-establishment.
Despite such diverse views, more companies could agree to focus on how to shorten the time duration from Ref Point C to Ref Point D and think such enhancements can also shorten the total interruption time.

3. Discussion
3.1. Scope of further enhancements

To shorten the time duration from Ref Point C to Ref Point D is mainly to shorten the time taken by RRC reestablishment. As mentioned in RAN4 spec, the time taken by RRC reestablishment includes Tsearch_NB1-NC/Tsearch_NB1-EC, TSI_NB1-NC and TPRACH_NB-IoT.
Shortly, we think the WID emphasize the optimization on neighbor cell measurements and corresponding measurement triggering before RLF while the other parts are not covered by WID scope. More specific, since RACH-less is not supported in NB-IoT, TPRACH_NB-IoT is unavoidable. For TSI_NB1-NC, one possible way for reducing it may be to provide system information of other cells to UE before initiating RRC reestablishment procedure. But, considering that the network couldn’t determine the target cell at that time, the system information of multiple candidate cells has to be delivered to UE that would require too much storage space in UE. Therefore, we worry such optimization on SI acquisition may introduce too much complexity but will not benefit much. 

Proposal 1a: It is no need to shorten TPRACH_NB-IoT and TSI_NB1-NC.
At the same time, some companies propose the early RLF. The early RLF may help UE to trigger reestablishment earlier with intention to reduce the possible interruption before Ref point C. However, we have negative view for such suggestion. Firstly, due to the small-scale channel fading, it’s highly possible only several “out of sync” indications cannot indicate the failure of connection accurately, e.g., it may be a “fake” failure and the triggered reestablishment may be not so necessary. Secondly, the suitable configuration for the parameters, such as N310, T310, also can achieve the same effects as early RLF. Thirdly, to specify early RLF may need RAN1 specification work, this is undesired. Therefore, we think it is no need to discuss a new/earlier trigger for RLF.
Proposal 1b: It is no need to discuss a new/earlier trigger for RLF.
Moreover, in last meeting, there was contribution to suggest using cell reselection upon RLF. As mentioned in the Background section, in current spec, upon RLF, UE will perform cell selection, e.g., after UE detects the target cell, as long as the cell fulfill the S criterion, the UE would select this cell for further access. On the other hand, for cell reselection procedure, only when the cell satisfies the cell selection criterion and ranks highest, this cell can be selected. So the cell reselection procedure would requires more measurement that may cause more UE power consumption. In fact, the cell selection during the RRC reestablishment procedure already can ensure that a good enough target cell can be found for NB-IoT UE that has low data rate and can be helpful for reducing the interruption time with less measurements. To further find the best cell may be kind of waste and can be left to UE implementation.

Observation 1: Cell selection during the RRC reestablishment procedure is beneficial enough.

Proposal 1c: It doesn’t need to introduce cell reselection for RRC reestablishment procedure.
3.2. Neighbor cell measurements
3.2.1. General aspects
As mentioned in RAN4 spec, if the target cell is known when the UEs trigger RRC re-establishment procedure, Tsearch_NB1-NC can be 0 ms. According to current spec, NB-IoT UE cannot support any neighbor cell measurement in RRC connected mode, therefore we think upon RLF, all cells are assumed to be unknown. 

During the email discussion, there are some discussion on how to determine a cell is known. In LTE, the target cell is known if it has been measured by the UE in the last 5 seconds. For eMTC, target cell is known if it has been meeting the relevant cell identification requirement for a time duration equal to or longer than the time duration required for the cell identification. For NB-IoT, we agree there has not yet had such definition about whether a cell is known and maybe we also cannot directly re-use the definition for eMTC.

In fact, the relevant cell identification requirement also means measurement requirement. For the static or low mobility NB-IoT UE, the channel quality changes slowly, the measurement results can be thought as valid if not a long time has passed. Therefore, for NB-IoT, we can assume a neighbor cell is known if it has been measured by the UE and not a long time has passed or the channel quality seldom change.

Proposal 2: For NB-IoT, a neighbor cell is known if it has been measured by the UE and not a long time has passed or the channel quality seldom change.
With Proposal 2, it can be seen again allowing measurement for the neighbor cells in advance before the RRC reestablishment procedure can facilitate target cell determination and reduce service interruption during RRC reestablishment procedure.

In last meeting, RAN2 has already agreed to “Support neighbor cell measurements in RRC_CONNECTED, at least for intra-frequency”. In the following sections, we’ll mainly discuss the related issues based on this agreement.

After last meeting, there are FFSs on whether to support inter-frequency measurement and whether measurements are done on the anchor carrier. 

As we know, NB-IoT supports multi-carriers deployment in a single cell and this is more common than multiple carriers deployment in different cells. A UE in serving cell may perform data transmission on an anchor carrier or a non-anchor carrier. Therefore, firstly, we want to discuss when the UE starts to perform neighbor cell measurement, which carrier in neighbor cell needs to be measured? anchor carrier or non-anchor or both? Considering the synchronization signals such as NPSS, NSSS are sent only in anchor carrier, and not supported in non-anchor carrier, UE can’t identify and synchronize with the neighbor cell if UE measures directly the non-anchor carrier. Besides, the system information such as MIB, SIB are transmitted only in anchor carrier and UE needs to read those information before triggering a RACH procedure in target neighbor cell. With consideration on these two aspects, we think it’s more straightforward to let UE only measure the anchor carrier in neighbor cells. 

Proposal 3: The neighbor cell measurements are done only on the anchor carrier.

With proposal 3, we want to further clarify the meaning of inter-frequency measurement in NB-IoT. 
In general, during the intra-frequency measurement, UE can perform the measurement for the neighbor cells and receive the signals from the serving carrier simultaneously. During the inter-frequency measurement, UE has to temporarily aborts communication with all serving carriers, switch RF to other frequencies, and performs the neighbor cells measurement. 

In NB-IoT, with an example that all the cells have same anchor carrier and UE works on a non-carrier in the serving cell, when UE starts to measure the anchor carrier in a neighbor cell, UE needs to switch RF to that frequency. This can be seen as an inter-frequency measurement. As in more cases UE would perform service on non-anchor carrier of serving cell, such inter-frequency measurement would be commonly needed for NB-IoT. Hence, we think inter-frequency measurement in connected mode should also be supported for NB-IoT. 

Proposal 4: The inter-frequency measurement should be supported in connected mode.

For supporting intra-frequency and inter-frequency measurements in connected mode, there are still some other aspects needed to be considered. For example¸ additional measurements in connected mode would obviously cause more UE power consumption that is very sensitive for the devices like NB-IoT. Moreover, as the UE cannot predict when the RLF would happen, in order to guarantee that a suitable “known target cell” can be acquired when RLF occurs, the UE may start measurement as soon as possible and perform measurements/evaluations on the quality of serving cell/neighbor cells till RLF happens. Hence, it would be beneficial to have solutions that not only have limited measurement overhead/UE power consumption, but also can ensure valid measurement results can be always acquired. With such restrictions in mind, the two most important points for supporting measurements in connected mode are listed as following:

· Key point 1: How to not cause much UE power consumption.

· Key point 2: How to reduce the impacts on data transmission during connected mode.

Observation 2: The measurements in connected mode should reduce the impacts on data transmission during connected mode and not cause much UE power consumption.

3.2.2. Measurement actions
For UE to perform the measurement in connected mode, two options as following can be considered:

· Option1: periodical measurement, similarly as the measurement of eMTC in connected mode, once the measurement is triggered, periodical measurement is performed and measurement results are always updated until RRC reestablishment is triggered.

· Option2: one shot measurement, once the measurement results are obtained, the measurement is stopped. Unless the measurement results turn to invalid, the measurement wouldn’t be performed again.
Option 1 can obtain more correct results than that from Option 2, but it requires longer measurement time and more UE power consumption. If the RRC reestablishment procedure may occur immediately or very shortly after the measurement, the results of option 2 could be enough. Although for option 2, there may be the case that RRC reestablishment procedure doesn’t occur shortly after the measurement and the measurement results may become invalid sometimes, e.g., the channel quality quickly changes, or a long time passes, we think it’s not big issue. The reason is, as soon as the triggering condition of neighbor cell measurement is satisfied, the one-shot measurement can be started again to guarantee the measurement results still can be acquired before RRC reestablishment. 
Proposal 5: One shot neighbor cell measurement in connected mode can be considered and preferred.

In order to further define the details of measurement in connected mode, we’d better to have a rough estimate for the required total measurement time for UE to perform neighbor cell measurements. With reference to the existing RAN4 requirements for UE to detect target cell after RLF, we think the RAN4 requirement for Tsearch_NB1-NC can be used as baseline, e.g., Tsearch_NB1-NC = [1400] ms for UE in normal coverage and Tsearch_NB1-EC = [14800] ms for UE in enhanced coverage. It is reasonable that the required total measurement time depends on the coverage level of UE. 

Observation 3: We can take RAN4 requirement for Tsearch_NB1-NC/Tsearch_NB1-EC as baseline estimate for the required total measurement time for UE to perform neighbor cell measurements in connected mode. And the total measurement time depends on the coverage level of UE. 

With baseline estimate for the required total measurement time, we could have some assumption about the measurement actions. For intra-frequency measurement, it’s easy for UE to finish the signals detection and measurement in a time duration longer than Tsearch_NB1-NC. 
However, for inter-frequency measurement, if UE performs measurement continuously, e.g., lasting for N * Tsearch_NB1-NC, it may cause some long data transmission interruption. Moreover, for UE in enhanced coverage, even it performs intra-frequency measurement, it is not easy for UE to find such a long gap lasting 14800ms and without data transmission for measurement. If UE performs inter-frequency measurement in enhanced coverage, it would be more difficult. Therefore, we think continuous measurement for one-shot measurement may be infeasible in more cases. Instead, if no enough time gap for measurement, UE can choose to perform measurement occasionally and the actual measurement time is up to the measurement occasions setting.
Observation 4: For inter-frequency measurement or measurement in enhanced coverage, continuous measurement for one-shot measurement may be difficult or infeasible. 
Proposal 6: For inter-frequency measurement or measurement in enhanced coverage, UE can perform measurement occasionally.
During the measurement, UE needs to identify and synchronize the neighbor cell via the synchronization signals, and then measure the reference signals. We assume the time interval in which UE can detect all these signals as a measurements occasions. 

For NB-IoT, the transmit occasions of the synchronization signals and reference signals such as NPSS, NSSS, NRS are as below:

Table 1 the transmit occasions of NPSS, NSSS, NRS
	
	NPSS
	NSSS
	NRS

	Frame structure type 1
	subframe 5
periodicity 10ms
	subframe 9

periodicity 20ms
	subframes #0, #1, #3, #4  and subframes #9 not containing NSSS

periodicity 10ms

	Frame structure type 2
	subframe 5 

periodicity 10ms
	subframe 0

periodicity 20ms
	subframes #9, and subframes #0 not containing NSSS, and maybe subframes #4

periodicity 10ms


According to this table, for an asynchronous networking, the length of measurement occasion should be at least 20 ms so that UE can monitor both NPSS and NSSS of the neighbor cells in the same measurement occasion, no matter when the measurement occasion starts. If the network can know the exact timing of the neighbor cells, the measurement occasion can include the transmit occasions of NPSS and NSSS of the neighbor cells via the implementation, and then the length of measurement occasion can be reduced to at least 5ms. In addition the measurement occasion also should consider the switching time of UE from one frequency to another.
Proposal 7: For inter-frequency measurement, the length of a measurement occasion can be at least 20ms or 5ms.
Since the WID has mentioned no specific gaps would be introduced, in [4], the following two options has been mentioned to indicate measurements to network in order that eNB can stop scheduling the data:

· Option 1: UE can explicitly notify the start and/or stop of neighbor cell measurement to the network.
· Option 2: UE can utilize the existing transmission gaps to perform the neighbor cell measurement and then no need to explicitly notify the network.
It’s obvious option 1 involves more signaling overhead and also UE power consumption. So option 1 with less preference. It can be discussed only when other option is infeasible.

Observation 5: if UE utilizes the existing transmission gaps to perform the neighbor cell measurement and doesn’t explicitly notify the network, it needs less signaling overhead and UE power consumption.

Based on the above analysis on total measurement time, we think the option 2 is feasible and can further include the following two alternatives: 
· Alt1: Measurements in connected mode DRX
UE can make use of connected mode DRX and perform measurement only during the long DRX cycle, e.g., after onDurationTimer expires and within the opportunity for DRX. The example can be found in Figure 1:
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Figure 1: Measurements in connected mode DRX

· Alt2: Measurements in PDCCH monitoring GAP

In NB-IoT, npdcch-StartSF-USS and dl-GapDurationCoeff is configured for an NPDCCH UE-specific search space. With large npdcch-StartSF-USS or dl-GapDurationCoeff value configuration, a DL gap without PDCCH monitoring, PDSCH reception and PUSCH transmission can be implemented. We think such DL gap also can be used by UE to perform neighbor cell measurements in connected mode.

Both of Alt1 and Alt2 enable the neighbor cell measurements during a time period in which no data is scheduled. Even without explicit notification to the network, no data tranmission would be interrupted.

For Alt1, it has more available measurement occasions than that in Alt2. However, UE has to wake up more frequently than in legacy DRX scheme. This may cause additional UE power consumption. For Alt2, if enough measurement occasions are expected, the allowed configurations for npdcch-StartSF-USS and dl-GapDurationCoeff would be very limited. This may result in less available resources for data transmission and further have undesired impacts on service performance. Moreover, as mentioned in above section, UE in enhanced coverage needs more measurement occasions to get the measurement results of neighbor cells, the issue of Alt2 may be more serious for UE in enhanced coverage.

Since both Alt1 and Alt2 have their pros and cons, we are open to discuss to see which one is more acceptable.
Proposal 8: RAN2 discuss whether neighbor cell measurements can be performed during connected mode DRX, and/or PDCCH monitoring GAP. 
3.2.3. Trigger for neighbor cell measurements

For eMTC UE, its measurement for neighbor cell is triggered by the RRC reconfiguration message carrying measurement configuration. And the measurement results report are periodically sent or triggered by event according to the report configuration. It’s obvious that this mechanism will cause too much power consumption and have more impacts on the data transmission. In order to avoid the useless measurement overhead for NB-IoT UE, it may be better that measurement is triggered when the UE is likely to trigger a RRC reestablishment procedure.

If the network is responsible to trigger UE-side neighbor cell measurements, because the network is hard to determine whether a RRC reestablishment procedure is probably triggered due to absence of the information about the channel quality of UE, it will be difficult for the network to trigger the measurement suitably, e.g., the measurement may be either too early or too late. In order that eNB can correct the timing for sending the trigger, it may require the UE to report additional channel quality information to the eNB, then a new reporting procedure may need to be introduced. Therefore, we think network trigger would involve much complicity and may be not suitable. Instead, the autonomous trigger on the UE side can be considered, e.g., UE keeps monitoring whether the triggering condition is satisfied. Once it is satisfied, UE would trigger the neighbor cell measurement by itself. 
Proposal 9: The neighbor cell measurement in connected mode can be triggered by UE itself based on some triggering conditions.
Here the triggering condition can be hard-coded or configured by the network via system information or dedicated RRC signaling, e.g., with a form of serving cell quality threshold. 

In UE side, there can be two options for evaluating serving cell quality, one is channel quality, e.g., the RSRP and RSRQ level and the other is data transmission quality. As there have had many discussion on RSRP and RSRQ level evaluation, we only give some briefly discussion on the possible evaluation objects for data transmission quality evaluation, as follows: 

· The scheduling parameters indicated by physical layer signaling, e.g., downlink/uplink channel repetition numbers, modulation order, TB size etc.

· The number or rate of HARQ retransmission

· The statistics for "out-of-sync"/ "in-sync" or "early-out-of-sync"/"early-in-sync" RLM events statistics. 

Generally, if the value of the evaluation objects exceeds certain threshold(s) which are provided by network via SIB or dedicated message, UE can think condition to trigger neighbor cell measurements if fulfilled.
As the neighbor cell measurements would include intra-frequency measurement, inter-frequency measurement, or even some certain neighboring cells measurement, it can be considered to introduce different thresholds for different measurement objects, e.g., if serving cell quality is worse than the threshold-1, to trigger intra-frequency measurement and if serving cell quality is worse than the threshold-2, to trigger inter-frequency measurement and so on. If simplicity is expected, only one threshold for triggering all kinds of neighboring cell measurement is also fine.

Proposal 10: RAN2 discuss whether a new condition for triggering measurements in connected mode is needed.

Proposal 10a: If proposal 10 is agreed, RAN2 discuss what’s the evaluation object in this new condition, e.g., RSRP/ RSRQ level or the data transmission quality of the serving cell.

Proposal 10b: If proposal 10 is agreed, intra-frequency measurement and inter-frequency measurement can be triggered independently.

In order that UE can have enough time to perform neighbor cell measurement and acquire measurement results, it’s important for UE to determine the starting point of the measurement. This is much related to the required total measurement time and can be adjust via setting of triggering condition. 

As mentioned in above section, the total measurement time depends on the coverage level of UE and the available measurement occasions. For UE in normal coverage to perform intra-frequency measurement, the required total measurement time could be short, e.g, 1400ms earlier than the Ref Point C is enough. Accordingly, a “stringent” triggering condition can be set via dedicated signaling that results in a late start point of measurement. While for UE in enhanced coverage or possible to perform inter-frequency measurement, the total measurement time would be long, e.g., at least 14800ms earlier than the Ref Point C is needed. Then it’s better to start the measurement much earlier and an “easy-to-satisfy” triggering condition is needed.

Observation 6: The starting point of the measurement is much related to the required total measurement time (and also the the coverage level of UE and the available measurement occasions) and can be adjust via setting of triggering condition.
In last meeting, there are contributions that have mentioned to take the start point of T310 as starting point of the measurement in connected mode or to restrict the measurement within the time period of T310. However, based on all of our above analysis, we think it’s highly impossible for UE to finish all the measurements in more cases, e.g., inter-frequency measurement or measurement in enhanced coverage. 
The detailed evaluation may depend on more agreements, e.g., whether existing transmission gaps can be used for measurement or which gap is selected. Here we just give a possible example: With assumption that only PDCCH monitoring GAP can be agreed as measurement occasions, if T310 is set to 8s for a UE in enhanced coverage, only when dl_GapDurationCoeff ≥ 1/4 and dl_GapPeriodicity ≥ 64ms, the available measurement occasions between Ref Point B and Ref Point C may be enough for UE to get the results of neighbor cell measurements in one frequency. In all other configurations, the available measurement occasions between Ref Point B and Ref Point C would be not enough. 
Observation 7: To take the start point of T310 as fixed starting point of the measurement in connected mode or to restrict the measurement within the time period of T310 would not be feasible in more cases, especially for inter-frequency measurement or measurement in enhanced coverage.

Proposal 10c: RAN2 can discuss the new condition for triggering measurements before starting T310.
3.2.4. Measurement configuration

The measurement configuration includes the frequency, neighbor cells, and triggering conditions and so on. As for determining the frequency, neighbor cells, there are several options:

· Option 1: By UE implementation, e.g., UE can take into account the historical information to determine the carrier list or neighbor cell list for measurement.

· Option 2: SIB4 or SIB5 for measurement in connected mode. 

· Option 3: Network provides dedicated configuration via RRC message.

For option1, it is uncontrollable for the network, and the measurement range may be too large, so option 1 needs more measurement time and power consumption. For option 2, the system information is cell-specific parameters, it also means large measurement range. For option 3, the network can configure the dedicated measurement objects, this is beneficial to narrow the measurement range. Hence, option 3 is preferred.

Proposal 11: Network provides measurement configuration, e.g., the neighbor frequency and neighbor cells via dedicated RRC signaling.
If proposal 12 can be agreed, we expect network can provide the configuration for the neighbor cells just around the UE. This has benefit of reducing the signaling for configuration and also the benefit to simplified UE’s measurement. However, based on the existing spec, eNB cannot distinguish such neighbor cell information. In order to facilitate eNB to provide more suitable measurement configuration, some assistant information, e.g., the information about UE’s location may be helpful and can be sent from UE to eNB. 
Proposal 12: Some assistance information, such as location of UE, can be sent from UE to the network.
4. Conclusions

In this contribution, we make the following observations and proposal:

Observation 1: Cell selection during the RRC reestablishment procedure is beneficial enough.

Observation 2: The measurements in connected mode should reduce the impacts on data transmission during connected mode and not cause much UE power consumption.

Observation 3: We can take RAN4 requirement for Tsearch_NB1-NC/Tsearch_NB1-EC as baseline estimate for the required total measurement time for UE to perform neighbor cell measurements in connected mode. And the total measurement time depends on the coverage level of UE. 

Observation 4: For inter-frequency measurement or measurement in enhanced coverage, continuous measurement for one-shot measurement may be difficult or infeasible. 
Observation 5: if UE utilizes the existing transmission gaps to perform the neighbor cell measurement and doesn’t explicitly notify the network, it needs less signaling overhead and UE power consumption.

Observation 6: The starting point of the measurement is much related to the required total measurement time (and also the the coverage level of UE and the available measurement occasions) and can be adjust via setting of triggering condition.
Observation 7: To take the start point of T310 as fixed starting point of the measurement in connected mode or to restrict the measurement within the time period of T310 would not be feasible in more cases, especially for inter-frequency measurement or measurement in enhanced coverage.

Proposal 1a: It is no need to shorten TPRACH_NB-IoT and TSI_NB1-NC.
Proposal 1b: It is no need to discuss a new/earlier trigger for RLF.
Proposal 1c: It doesn’t need to introduce cell reselection for RRC reestablishment procedure.
Proposal 2: For NB-IoT, a neighbor cell is known if it has been measured by the UE and not a long time has passed or the channel quality seldom change.
Proposal 3: The neighbor cell measurements are done only on the anchor carrier.

Proposal 4: The inter-frequency measurement should be supported in connected mode.

Proposal 5: One shot neighbor cell measurement in connected mode can be considered and preferred.

Proposal 6: For inter-frequency measurement or measurement in enhanced coverage, UE can perform measurement occasionally.
Proposal 7: For inter-frequency measurement, the length of a measurement occasion can be at least 20ms or 5ms.
Proposal 8: RAN2 discuss whether neighbor cell measurements can be performed during connected mode DRX, and/or PDCCH monitoring GAP. 
Proposal 9: The neighbor cell measurement in connected mode can be triggered by UE itself based on some triggering conditions.
Proposal 10: RAN2 discuss whether a new condition for triggering measurements in connected mode is needed.

Proposal 10a: If proposal 10 is agreed, RAN2 discuss what’s the evaluation object in this new condition, e.g., RSRP/ RSRQ level or the data transmission quality of the serving cell.

Proposal 10b: If proposal 10 is agreed, intra-frequency measurement and inter-frequency measurement can be triggered independently.

Proposal 10c: RAN2 can discuss the new condition for triggering measurements before starting T310.
Proposal 11: Network provides measurement configuration, e.g., the neighbor frequency and neighbor cells via dedicated RRC signaling.
Proposal 12: Some assistance information, such as location of UE, can be sent from UE to the network.
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