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1 Introduction
During RAN2#97bis it was agreed to have an email discussion on “too late cell re-selection” observed in NB-IoT: 

[97bis#31][NB-IoT] Cell reselection for NB-IoT (Ericsson)

· Email discussion on (NB-IoT) Cell reselection for NB-IoT, to next meeting, on how to resolve this (Ericsson)
· Deadline: 04/27/2017

The deadline of the email discussion is Thursday, 2016-04-27, 23:59 Pacific Time. 
This report gives a summary of this email discussion.
2 Background

RAN2#97bis
The problem with  “too late cell re-selection” observed in NB-IoT field trial was briefly discussed in RAN2#97bis [1], and the following RAN2 agreements were made:

· There is significant support to modify the range of Sintraseatrch, there seems to be support to also do more. 

· We have at least some solution in Rel-13

· Email discussion, can also discuss solutions that may be candidates for later release.

UE measurement requirements

A NB-IoT UE is not required to perform intra-frequency measurements when the signal strength of the serving cell (Srxlev) is above the measurement threshold (SIntraSearchP) (TS 36.304 section 5.2.4.2a): 
-
If the serving cell fulfils Srxlev > SIntraSearchP, the UE may choose not to perform intra-frequency measurements.

-
Otherwise, the UE shall perform intra-frequency measurements.

With Srxlev defined as:

Srxlev = Qrxlevmeas – Qrxlevmin – Pcompensation - Qoffsettemp
In case Pcompensation and temporary offset are zero, the Srxlev is the received signal strength above/relative to the minimum required signal level (Qrslevmin) of the cell to be suitable to camp on. Qrxlevmin is an indication of the amount of coverage enhancements supported by the cell. The Qrxlevmin signaling range was recently increased from -140 dBm to -156 dBm. IE s-IntraSearchP is mandatory present in SIB3-NB with a value range of IE ReselectionThreshold of up to 64 dB (TS 36.331):
Actual value of threshold = field value * 2 [dB].

ReselectionThreshold ::= INTEGER (0..31)
In legacy LTE the intra-frequency measurement threshold s-IntraSearchP is optionally present in SIB3, and when omitted the UE is required to continuously measure. For power saving reasons this use case is not supported in NB-IoT.
Observed problem
In field trials it is observed that the UE re-selects “too late” because the serving cell is still above the measurement threshold, and the UE does not notice that there is a stronger neighbour cell to re-select to [1]. This is a problem because this will cause interference in the neighbour cell when the UE tries to access. It is a fundamental principle from a system capacity perspective that the UE is always on the strongest/best ranked intra-frequency cell. And it is also in the interest of the UE to camp on the strongest/best ranked cell to save power, also considering that HO is not supported in NB-IoT: 
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Figure 1: “Too late” re-selection. 
Part of the problem is also that with a single measurement threshold we need to capture to different use cases:
1. Outdoor moving UE observing a strong serving cell, but an even stronger neighbour cell

2. Indoor stationary UE observing a weak serving cell, and no stronger neighbour cells 
In NB-IoT with coverage enhancements up to 20 dB, the measurement threshold has to be on a relatively low absolute value to ensure that indoor/stationary UEs are not required to continuously measure.  

When the UE camps on a suitable cell, and the received signal strength of that cell is above the intra-frequency measurement threshold, the UE is not required to perform intra-frequency measurements. Nevertheless the UE has to continuously monitor the received RSRP and RSRQ signal strength of the serving cell for suitability (Srxlev > 0  AND  Squal > 0) and the UE has to monitor when Srxlev drops below the measurement threshold to trigger intra-frequency measurements again. 

The RSRP is an RSSI type of measurement, while the RSRQ is a quality measurement, which also takes into account interference, e.g. observed from neighbouring cell. When the UE moves from the serving cell towards a neighbouring cell, both the measured RSRP and RSRQ will drop, however the RSRQ drops more quickly due to observed interference from the neighboring cell: 
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3 Discussion
In this chapter possible solutions for REL-13 are described and evaluated. Potential solutions in later releases can also be discussed, but have lower priority, i.e. a solution need to be agreed in next RAN2#98 for REL-13. It is not excluded that variants and combination of solutions are evaluated as well, and additional solutions are discussed. Perhaps there are even different solutions dependent on some condition (e.g. when in good coverage and when in bad coverage).  
The following solutions are described and evaluated:

1. Continuous measurements

2. Extended value range SIntraSearchP
3. Measurements before access

4. Periodic measurements

5. RSRQ monitoring

6. UE mobility state

7. Dedicated configuration

Continuous measurements
When the measurement threshold s-IntraSearchP in SIB3-NB is set to zero the UE interprets this as if the threshold is not present, and the UE is required to measure intra-frequency cells continuously (similar as in LTE when the threshold is not present). 
Solution 1: Use threshold value zero to indicate that the UE is required to measure intra-frequency continuously
	Company
	Comments

	Ericsson
	This option is not preferred for power consumption reasons. 

	Deutsche Telekom
	It might have huge impact on device power consumption. Extending batter life to its fullest is a top-priority requirement for our customers.

	CMCC
	Agree with Ericsson.

	GTO
	Should not be considered because of power reasons. 

	ZTE
	Agree with Ericsson.

	VEOLIA
	Agree with Ericsson and DT – Against this solution: potential huge impact on device power consumption which is already an issue in some UE use cases (in particular water metering).

	CATT
	Not preferred for power consumption reason.

	MediaTek
	Agree with Ericsson.

	Huawei
	We do not support this option due to the impact on power consumption which is a NB-IoT top priority requirement.

	Intel
	No. Measurement rule should not be disabled for UE power consumption reasons.

	III
	Solution 1 is not suitable for NB-IoT because of wasting power consumption. 

	XIAOMI
	Agree with Ericsson

	LG Electronics.
	Agree with Ericsson and Detusche Telekom. Reducing power consumption is the most important issue of the NB-IoT UE.

	vivo
	Agree with Ericsson.

	Nokia
	We agree with majority of companies here

	Sierra Wireless
	This option is not preferred due to increased power consumption of all NB-IoT UEs whether or not they need to search for a stronger serving cell.

	Sony
	No

	OPPO
	Agree with Ericsson, this will consume a lot of device power, which is not preferable from UE perspective.

	Qualcomm
	The NB-IoT systems was designed to provide optimal service to static UEs in deep coverage. Optimising system parameters to cater for, potentially, small proportion of mobile UEs will have significant impact on the UEs used for the main use-case hence we do not agree with Solution 1.


Extended value range SIntraSearchP 
The UE uses a higher multiplication factor for the signalled threshold value (e.g. the UE uses signalled value times 3 or 4). Based on the measured RSRP in the field, as reported in [1], a factor 3 may be sufficient: 
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Solution 2: The UE uses signalled value times 3 for SIntraSearchP.
	Company
	Comments

	Ericsson
	This enables the NW to configure a higher threshold such that outdoor/moving UEs measure and re-select to a stronger neighbour even when the serving cell is still quite good. However it would punish indoor/stationary UEs that experience a weak serving cell to continuously measure. 

	Deutsche Telekom
	As indicated above, it would penalize excessively static indoor devices, which would not reselect at all to a neighbour cell. However, it is quite a straightforward solution for solving the issue.

	CMCC
	Extending SIntraSearchP range has least standardization impact and is simplest.

The impact on indoor or basement UE is quite small. Because, for indoor or basement UEs, usually most of these UEs are in CE level 1 or CE level 2. The RSRP is always lower than SIntraSearchP. These UEs always perform neighbour cell measurement in order to camp on a better cell. This kind of UE is not affected by the extended range. 
For the UEs whose RSRP is higher than original SIntraSearchP but smaller than the new SIntraSearchP, these UEs are affected by the extended range and will perform intra-frequency measurement. These UEs are either in the cell edge (neighbour cell RSRP larger than serving cell RSRP) or indoor stationary (no good neighbour cell available). This kind of indoor stationary UEs are unfortunately punished by this scheme. But the power consumption of intra-frequency measurement may probably be alleviated by setting longger DRX.

As for the solution of extending the range of SIntraSearchP, there are two ways to achieve this goal. One way mentioned above is using a higher multiplication factor, i.e. the SIntraSearchP is changed from (0…31)x2 to (0...31)x3. The other way is extend the range from (0…31)x2 to (0…63)x2.

For the first way, considering the step-length is changed from 2 to 3, the precision of SIntraSearchP is affected. The lower precision will impact operators’ deployment. Since SIntraSearchP is configured in each cell according to the application scenario, lower precision will make it difficult to configure an appropriate SIntraSearchP for the specific application scenario. Considering different operator may have different application scenarios and even one operator may have several application scenarios, reducing precision of SIntraSearchP will make it difficult for operators to deploy.

For the second way, the range is extended from (0…31)x2 to (0…63)x2. The step-length is the same as before and only the range is extended. There is no impact on the precision of SIntraSearchP. Therefore, this way doesn’t affect deployment. For the operators who don't have too late reselection problem, they can simply set a lower threshold as before.
In conclusion, considering the impact on standardization and deployment, for Rel-13, we prefer to maintain the step-length as 2, and extend SIntraSearchP range from (0…31)x2 to (0...63)x2. And for Rel-14 and further, better solution can be considered.

	GTO
	We prefer option 2 in a slightly modified way. If the UE realizes based on measurements done, when Sintrasearch is reached i.e. the threshold provided, it is rather late for reselection/starting measurements i.e. another cell immediately is identified being far better(6 or 12db better), it should just upscale the value of Sintrasearch so that this problem does not happen next time. It will only affect the outdoor UE’s and will not impact indoors UE’s that harshly. The next time UE will start its measurements based on up-scaled Sintrasearch and hence should not leak that much into neighbour cell coverage areas prior starting measurements.

	ZTE
	We agree with CMCC that extending SIntraSearchP range has least standardization impact and is simplest. And we think CMCC’s analysis for impact on indoor UE is reasonable.
We also agree with CMCC that using a higher multiplication factor would affect the precision of SIntraSearchP. We suggest to directly extend the broadcasted SIntraSearchP 

Furthermore, based on the following triggering conditions for measurement for NB-IoT, we think SnonIntraSearchP should also be extended for the same consideration.
-
If the serving cell fulfils Srxlev > SIntraSearchP, the UE may choose not to perform intra-frequency measurements. Otherwise, the UE shall perform intra-frequency measurements.
…….
-
If the serving cell fulfils Srxlev > SnonIntraSearchP, the UE may choose not to perform inter-frequency measurements. Otherwise, the UE shall perform inter-frequency measurements.

Then we suggest to consider one of the following options:

1. Delta value configuration for SIntraSearchP and SnonIntraSearchP are introduced.
2. New parameters s-IntraSearch-v13xx and s-NonIntraSearch-v13xx with larger value range are introduced (e.g. using extended ReselectionThreshold)


	VEOLIA
	Agree with DT - Against such solution as it will strongly impact non moving UE.

	CATT
	The issue might cause negative impact to UEs in good coverage, such as the UE is unreachable for paging. The downside of the approach is penalizing the UE in bad coverage but it is simple and works for the unreachable UEs. A new approach to avoid the increase of power consumption for UEs in good coverage can be introduced in R14 or R15. 
Comparing the two options mentioned by CMCC, the change of factor might impact the deployment of the network as the step of SIntraSearchP is increased. It is preferred to increase the value range of SIntraSearchP.

	MediaTek
	By configuring a higher threshold, NW can force an outdoor/moving UE to perform neighbour cell measurement and cell reselection. We support the extension of SIntraSearchP value range. More specifically, we prefer CMCC’s proposal to Ericsson’s as the former provides finer step size.

Further enhancements:

While the problem of outdoor/ moving UEs is solved, a higher SIntraSearchP, which is a cell-specific parameter, may result in undesirable continuous measurement by indoor/ stationary UEs (Or, as CMCC mentioned, the RSRP of some UEs is always lower than SIntraSearchP, and these UEs always perform neighbour cell measurement). To improve the power consumption for these UEs, in addition to the SIntraSearchP extension, we suggest relaxing UE measurement requirements to allow the UEs to skip neighbour cell measurements when applicable, e.g.
· UE has been pre-configured as stationary or almost stationary.

· During several measurements, no neighbour was detected or all neighbour cells are below serving cell.

This solution requires careful UE implementation. From standardization point of view, however, it is quite simple.

	Huawei
	We agree that extending S-IntraSearch solves the problem for mobile UEs and is straightforward.

	Intel
	Agree with the analysis from CMCC that the cell edge range is within the CE level 0 range and thus should not affect the indoor or deep coverage case. Even with CE level 0, the range of the Sintrasearch is not sufficient. Thus we agree with CMCC that extending Sintrasearch is the simplest solution.

We can further discuss the details of the solution, whether to extend the range or change the multiplication factor. This extension should only be applied to NB-IoT UEs.

	III
	We prefer option 1 in CMCC solution because the multiplication factor could be a pre-defined parameter without modifying ASN.1 code. To resolve the “too late reselection” problem, the NB-IoT UEs with mobility can use high multiplication factor (e.g. 3) and the NB-IoT UEs with no-mobility can use low multiplication factor (e.g. 2). The indoor/stationary NB-IoT UEs will not be punished by using different multiplication factor. 

	Xiaomi
	We  agree with DT and CMCC, this solution will punish indoor stationary UEs. From this point of view, we slightly prefer extending SIntraSearchP value range

	LG Electronics.
	This solution seems to be the simplest and we agree with the first way CMCC suggested. However, it may incur unnecessary neighbour cell measurement for indoor UEs. So it is required to discuss any compensation solution for this power consumption issue for indoor-located stationary UEs.

	vivo
	We agree to extend SIntraSearchP range to solve this problem, which has less impact on standardization and is the simplest one.
For the ways of extending the range of SIntraSearchP, we think the granularity of SIntraSearchP will also has great influence on the performance of cell reselection. To minimum the impact on existing network deployment and product, we don’t think a larger multiplication factor is a good way. Thus, we suggest to extend the range of SIntraSearchP from (0…31)x2 to (0…63)x2 directly. 

	Nokia
	We think that extension of the value range by is sufficient, feasible and simple solution for REL13. 

	Sierra Wireless
	Do not support any solution that affects the power consumption of even some of the indoor stationary UEs. 

Ideally, UEs that are using the extended signal range at network edge (no better cell) should also not be forced to use power searching, up to the distance limit of timing alignment.

	Sony
	As noted by other companies, by simply extending the value range and signalling a higher threshold, this will cause UEs (e.g. indoor) at a relatively low RSRP to perform measurements constantly, and will cause UEs to enable measurements more frequently in general. Hence, this will degrade power consumption performance for all and therefore NB-IOT may no longer meet the necessary requirements.

We would therefore propose to keep the existing threshold and measurement requirements as they are, and introduce a second threshold (e.g. 3 times signalled value or fixed offset from signalled value, in Rel-13 to avoid signalling impact) at which the UE may enable measurements at a relaxed rate. This will allow UEs to detect the neighbour cell while minimising impact to the other UEs because they do not need to perform measurements so frequently. Perhaps this could be considered as a combination of solution 2 (higher threshold) and solution 4 (periodic measurements while above existing threshold) 

	OPPO
	Agree with CMCC’s analyses, and prefer the second way in CMCC’s response to extend SIntraSearchP, since this has quite small impact on specification and implementation. And also the proposal from ZTE to extend the value is the normal way to provide compatibility for the extension, but this is the design details of this solution.

	Qualcomm
	Assuming that indoor or basement UEs always perform intra-search is not true. This implies such UEs will consume lot of power just doing intra-frequency searches and this is highly undesirable. 

Agree with the implications of extending step size. For this reason extending range is preferred. But the problem is still that how can network set the threshold that fulfils two requirements (a) indoor/deep coverage UEs not required to perform intra-searches continuously and (b) outdoor/mobile UEs aim to camp on the best cell. To fulfil both of these requirements it makes sense to allow UEs to adapt the search criteria based on it’s situation.


Measurements before access
When the UE is not required to perform intra-frequency measurements (i.e. the serving cell is above the measurement threshold), then the UE is required to perform intra-frequency measurements before access. When the UE wakes up from (extended) DRX to transmit or receive, the UE may have time to perform intra-frequency measurements, because small data transmissions in NB-IoT are typically not time critical. Furthermore in extended DRX these type of measurements may be needed anyways, when the UE has moved when sleeping.  
Solution 3: When the UE is not required to perform intra-frequency measurements the UE performs intra-frequency measurements before access
	Company
	Comments

	Ericsson
	This seems an interesting option to explore further, but:
1. Can exception data tolerate this measurement delay?

2. How much is response to paging delayed?

3. UE may not be on strongest cell for paging

	Deutsche Telekom
	Additional delay on access procedure and paging for UEs in good radio conditions need to be carefully assessed. 

	CMCC
	For UEs not camping on the best cell, paging message may be affected by the high interference from neighbour cell.

	GTO
	Currently specified UE behaviour should be kept as stable as possible. For higher releases, this can be discussed during online sessions.

	ZTE
	Agree with DT and CMCC about the additional delay on access procedure and interference for paging. We don’t prefer to consider this option.

	VEOLIA
	To be investigated further – especially impacts on non moving UE but at first glance we would prefer not to consider this option.

	CATT
	UE suffers high interference and might not receive paging message correctly.

	MediaTek
	With this option, UE may still receive paging message; it doesn’t matter if the paging message comes from the strongest cell. However, there may be concerns on paging response delay.

	Huawei
	We could consider this approach for deployment scenarios where there are static UEs in deep coverage. We think that the additional delay for access is acceptable as NB-IoT UEs are mostly delay tolerant.

For exception report, we think it is OK if the UE sends the report on not the best cell as this is a ‘exceptional’ event and would not happen frequently.

	Intel
	This can be investigated in later release.

	III
	For UL transmission, solution 3 will suffer unpredicted delay because of intra-frequency measurements before performing random access. For DL transmission, the NB-IoT UE may lose the paging from the original cell if the NB-IoT UE performs cell reselection and then camps on a new cell such that needs to perform tracking area update. 

	Xiaomi
	We don't see strong reason to do this, especially considering that it introduces more power consumption & delay

	LG Electronics.
	We are doubtful about this solution that there will be always delay to perform intra-frequency measurement. Also this unpredictable delay may effect on another features related with access operation of the UE.

	vivo
	This would lead some impact to paging reception or maybe power consumption of UE.

	Nokia
	There seems to be many open questions on this option i.e. access delay due to measurements which needs to be addressed in RAN4 as well. In addition, it would be beneficial that the UE camps on the strongest cell also for the paging reception which may need to be transmitted with multiple transmission repetitions. 

	Sierra Wireless
	This is not ideal as it still imposes a power usage requirement on all UEs to cover a case that does not apply to all UEs

	Sony
	No. This does not address the issue for MT case and delays access in MO case.

	OPPO
	Agree with the observation from DT and CMCC about the impact on access and paging, and don't prefer to consider this option.

	Qualcomm
	This solution could be acceptable provided: UE perform access quite infrequently and access is for paging or normal data.


Periodic measurements
When the UE is not required to perform intra-frequency measurements (i.e. the serving cell is above the measurement threshold), then the UE performs periodic intra-frequency measurements:
Solution 4: When the UE is not required to perform intra-frequency measurements the UE performs periodic intra-frequency measurements
	Company
	Comments

	Ericsson
	The advantage of this solution is its simplicity, although further discussion on the period is needed. 
Potentially the period is adapted/extended after some time when no other/stronger cells are detected, however the UE should be required to measure with some frequency, because the UE may become mobile, and radio conditions can always change. Probably for REL-13 some “hard coded” behaviour would need to be defined, i.e. configuration through signalling is not possible, which may be difficult to standardise. 

	Deutsche Telekom 
	It could be a compromise solution but the period should be configurable, and even disabled if needed.  

	CMCC
	It is not power efficient to let all the UEs perform an equal period intra-frequency measurements. The measurement period may probably be set differently for UEs based on mobility state and RSRP value. For instance, for a UE with lower velocity mobility and higher serving cell RSRP value, the period need to be set longer. But per UE configuration of periodic intra-frequency measurement looks complex.

	GTO
	Not power efficient to perform periodic measurements. Furthermore it needs to be considered that devices depending on their applications may have different eDRX and PSM sleeping periods. Hence interrupting these period will harm battery life time without any benefits.

	ZTE
	Agree that it is not power efficient to perform periodic measurements. We don’t prefer to consider this option.

	VEOLIA
	Agree with GTO. Not in favour of such approach.

Though, we will agree with second part of DT comment, we believe in general UE should have more parameters (such as period to do measurements) configurable or even to be disabled depending on their mobility state.

	CATT
	UEs which do not suffer such issue need to wake up from eDRX or PSM to perform intra-frequency measurements. It is difficult to differentiate such UEs. A straight forward way should be used with minimized impact to NB-IoT devices and eNB. 

	MediaTek
	We do not prefer this option. The purpose of SIntraSearchP is to allow UE to skip neighbour cell measurement and save power. With short period, periodic measurement increases power consumption, but with longer period the measurement may not help at all. 

The standardization for R13 NB-IOT UE may also be a concern.

	Huawei
	Such a solution would be too complicated to specify in rel-13 as we need to distinguish between mobile and stationary UEs. Otherwise it will impact power consumption.

	Intel
	We agree with CMCC that it is not power efficient for the UE to perform periodic measurement. Hence we do prefer such option.

	III
	Solution 4 is simple however the measurement periodicity need further study in the future release. 

	Xiaomi
	It is not preferred from power consumption point of view

	LG Electronics.
	This solution seems to be a simplest solution, however, for the power consumption issue, it would be very power inefficient solution if all the UEs are configured to perform periodic measurement. The periodicity of the intra-frequency measurement should be configurable according to a specific condition, including on/off of the measurement. Also we can consider mobility state of the NB-IoT UE and the measurement is only enabled the periodic intra-frequency measurement if the UE is in high-mobility state. 

	vivo
	We agree with CMCC’s analysis. This will has impact on power consumption of UE, which is first priority of NB-IoT UEs.

	Nokia
	This seems quite simple solution, but there would be UE power consumption impact which needs to be carefully considered. Also this option would require RAN4 work

	Sierra Wireless
	This still has a power impact that is dependent on the measurement interval. It may be completely unnecessary for a static UE and still not frequent enough for a mobile one.

	Sony
	This looks like a relatively simple solution. If periodic measurements are used, then they should only be enabled below a threshold RSRP value in order to limit the power consumption impact to UEs in relatively good coverage (see comments to solution 2).

	OPPO
	Agree that this option is not preferred, since if the periodicity is too short, the UE power consumption will be increased; and if the periodicity is too long, the accuracy of measurement will be impacted.

	Qualcomm
	Performing periodic measurements with periods that are much longer than paging cycle use by the UE could be acceptable. Furthermore, UE should be allowed to skip some periodic measurements if service cell conditions (e.g. RSRP or RSRQ) has not changed significantly since last search. 


RSRQ monitoring 
The UE stores the RSRQ value when intra-frequency measurements are turned off (i.e. when serving cell is above the threshold). When the RSRQ of the serving cell drops more than x dB below the stored value the UE performs intra-frequency measurements to check if there is a stronger neighbour cell. This process is repeated, i.e. every time when the UE stops measurements, the RSRQ value is stored, and a drop in RSRQ of the serving cell triggers intra-frequency measurements to check for stronger neighbours. 

Solution 5: When the UE is not required to measure, a drop in RSRQ of serving cell triggers new intra-frequency measurements
	Company
	Comments

	Ericsson
	A (sudden) drop of the measured RSRQ of the serving cell is an indication of interference experienced from a neighbour cell. A outdoor/moving UE will experience a drop in RSRQ more likely compared to an indoor/stationary UE, i.e. an outdoor/moving UE will trigger measurements, while an indoor/stationary UE does not, which is the whole point. 

	Deutsche Telekom
	It would be worthwhile clarifying how the “sudden” drop can be quantified and over which time range. Overall, the solution seems to be quite simple. 

	CMCC
	Not recommended for Rel-13. This solution requires UE to perform measurement for RSRQ every DRX. But Rel-13 NB-IoT UE is not required to perform RSRQ check for cell reselection purpose. 

	GTO
	This would be new measurement behaviour defined. And how a sudden drop would be identified giving the various deployment scenarios is not clear. E.g. An in band deployment where there is no NB-IoT deployment on the neighbour cells on the same carrier but sometimes LTE is scheduled and sometimes not can also cause this drop.

	ZTE
	If detecting a drop in RSRQ means requiring UE to perform legacy measurement for RSRQ, we are open to discuss it.

We think it has benefit to introduce measurement for RSRQ in addition to measurement for RSRP. Refer to legacy LTE, the measurement rules for cell re-selection may be modified as following, although it’s a bit complicated:
-
If the serving cell fulfils Srxlev > SIntraSearchP and Squal > SIntraSearchQ, the UE may choose not to perform intra-frequency measurements. Otherwise, the UE shall perform intra-frequency measurements.
…….
-
If the serving cell fulfils Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ, the UE may choose not to perform inter-frequency measurements. Otherwise, the UE shall perform inter-frequency measurements.



	VEOLIA
	To further investigate – agree with Ericsson approach.

	CATT
	It is a new measurement behaviour for R13 and should not be introduced at the moment.

	MediaTek
	RSRQ measurement is for inter-frequency case in LTE, and RSRQ measurement for cell reselection purpose has been excluded from NB-IOT in early stage of standardization. Although introducing RSRQ measurement does not bring high complexity, we do not recommend this option if there are better ones.

	Huawei
	We think that a solution based on RSRQ is the right way forward.

If we agree on ASN.1 changes in rel-13, we think we should reintroduce RSRQ as a trigger for intra-frequency measurements. Note that we think that RSRQ measurement on the serving cell is already  supported in rel-13 as this is part of the suitability criteria

	Intel
	Agree that this can be taken into consideration when Squal is considered for measurement rules.

	III
	Solution 5 requires the NB-IoT UEs to measure RSRQ of the serving cell at least every DRX cycle, and it will increase the complexity to perform RSRQ measurements comparing with Rel-13 NB-IoT cell reselection. 

	Xiaomi
	We should further evaluate the power consumption before introduce the new measurement of RSRQ for NB-IOT

	LG Electronics.
	The solution seems quite simple and efficient and it seems to be clarified when the RSRQ value is “stored” (When the UE is not performing intra-frequency measurement, maximum or minimum RSRQ value?). However, it would be a huge impact, but we are not sure how much power will be additionally consumed when RSRQ measurement is performed.

	vivo
	This solution will introduce new measurement for RSRQ. This may lead some other branches of discussion on this RSRQ measurement for intra-frequency. At current stage of Rel-13, it is better to find a more straightforward way to solve the problem. 

	Nokia
	The definition of the “RSRQ drop” to make it reliable may be challenging and would need proper analysis. 

	Sierra Wireless
	This approach allows the UE to determine a reason to search but it still requires the UE to use some power to make the determination. This could be useful in combination with a UE knowing its mobility state. A UE installed on astatic asset would not need to do this often. A UE that can be mobile would have to do this more frequently.

	Sony
	RSRQ sounds like a promising solution, however detecting a change or rate of change of RSRQ as proposed by Ericsson looks like overkill. 

A simple RSRQ threshold may be used. However, it should be noted that UEs close to the minimum RSRP (Qrxlemin) will always have quite a poor RSRQ too, due to the noise floor. Therefore we would recommend that care is taken in this case to enable RSRQ threshold only for UEs at a relatively good RSRP (*e.g. similar to eMTC normal coverage) while UEs at a relatively poor RSRP use the existing threshold.

	OPPO
	Whether we need to introduce new RSRQ measurement for NB-IoT should be further discussed in later release, but not in R13 scope.

	Qualcomm
	This approach is acceptable (also see our response to solution 4).


UE mobility state
The UE mobility state detection is introduced in NB-IoT, and dependent on the UE mobility state, the UE applies a different measurement threshold (e.g. multiplication factor). 
Solution 6: Measurement threshold dependent on UE mobility state
	Company
	Comments

	Ericsson
	Complicated and requires ASN.1 changes.

	Deutsche Telekom
	Not easy to configure and a bit more complex to have it work in real deployments.

	CMCC
	Mobility state may not have tight relationship with inter-cell measurement. To our understanding, solution 6 means that high mobility state UE is configured with high threshold and low mobility state UE is configured with low threshold. However, if we set lower threshold for UE in low mobility state, the too late reselection problem will occur on this UE, when this UE is moving slowly from serving cell to neighbour cell. Even if some UE never move, operators may modify antenna angle of the base station for network optimization purpose, which makes the receiving quality of serving cell change. And then, too late reselection problem occurs.

	GTO
	Not in favour of it. Requires ASN.1 changes

	ZTE
	Agree with the above comments.

Furthermore, UE mobility state decision may be usually based on the measurement and/or reselection statistics, so it’s a paradox to decide measurement triggering condition based on the UE mobility state.

	VEOLIA
	Very much in favour of such approach – We would even propose to have different device categories (for example, one for stationary UE and with no cell change i.e. meters (the primary target of NB-IoT at origin) and one for fully mobile (automotive, fleet management...) and may be some intermediary categories in between). Depending on the category, the UE can have different settings and parameters or measurements to use. This may have impacts on RAN4 & RAN1. We believe there is a need to discuss this type of solution in larger context than “Cell re Selection”.

	CATT
	It cannot work on the outdoor UEs which move slowly or even stable.

	MediaTek
	We do not think the SIntraSearchP mechanism is sufficient. UE mobility can useful information. At least, stationary UEs should not be forced to do measurement or detection of neighbouring cells. 

	Huawei
	Not easy to implement and not easy to configure. A lot too complicated for a rel-13 fix.

	Intel
	Agree with the comments from CMCC. We do not see the solution solves the problem at hand.

	III
	Mobility state can distinguish at least two state, for a simple example, with mobility and no-mobility. The NB-IoT UEs with mobility can be configured with high multiplication factor and the NB-IoT UEs with non-mobility can be configured with low multiplication factor. The multiplication factor could be a pre-defined parameter without modifying ASN.1. 

	XIAOMI
	Not easy to configure.

	LG Electronics.
	Varying measurement threshold dependent to on UE mobility state seems quite complex, however, on the other side, mobility state can be an efficient way to differentiate indoor stationary UEs from outdoor UEs.

	vivo
	This solution is quite complex for configuration. 

	Nokia
	This solution seems quite complex and it would be good to try to find more simple solution.

	Sierra Wireless
	For a UE that absolutely knows or is known to be installed in a static location this could be used to prevent unnecessary searching. A UE installed in a static location could still infrequently make a solution 5 RSRQ test either alone or in combination with a different threshold or just do a cell search, to cover the case of infrequent propagation environment and network changes. 

Mobile UEs can have different thresholds and more frequent tests. There seems no way to avoid the need for mobile UEs to use some more power to check for better cells. Mobile UEs can be completely unpredictable. 
Probably not practical for release 13, but for future consideration. 

	Sony
	no

	OPPO
	Agree with DT and CMCC

	Qualcomm
	This is possible for later releases but not for Release 13. Majority of NB-IoT UEs know the application type hence may not be too difficult to achieve.


Dedicated configuration
The network estimates the UE mobility state (e.g. TA/AoA) and configures a dedicated measurement threshold in the UE upon release. 
Issue 1: Dedicated measurement threshold
	Company
	Comments

	Ericsson
	Requires ASN.1 changes, and UE may change mobility state when sleeping.

	Deutsche Telekom
	It would work if the UE keeps currently estimated mobility over long period of times including the idle mode intervals. Not a simple and lean solution.

	CMCC
	Not recommended, same as solution 6.

	GTO
	Not in favour. It requires ASN.1 changes.

	ZTE
	Not recommended, see the comments for solution 6.

	VEOLIA
	If there are dedicated UE categories in particular “Permanently indoor static UE” (which was the primary target of NB-IoT) then the network does not need to estimate the UE mobility state (as it never changes at least for the category mentioned above). It could also be combined with other solutions (with different parameters/settings depending on UE category).

	CATT
	Agree with Ericsson.

	MediaTek
	We do not prefer this option. The threshold is now cell-specific, introduction of dedicated configuration makes things complicated.

	Huawei
	Do not support this option

	Intel
	Same as our comment to solution 6.

	III
	A pre-defined multiplication factor could be a broadcast parameter for different categories of NB-IoT UEs and does not need dedicated configuration for each NB-IoT UE. 

	Xiaomi
	Not in favour

	LG Electronics.
	It would require ASN.1 change for dedicated measurement configuration. Not recommended.

	vivo
	Agree with Ericson. 

	Nokia
	This would not work the mobile UEs i.e. UEs which are moving when in IDLE mode.

	Sierra Wireless
	Seems complicated for the network to determine mobility state and potentially subject to false results. Agree with Nokia that the objective we have is to help IDLE mode UEs to camp on the best cell.  The network cannot know what happens to a UE after release.

	Sony
	no

	OPPO
	Not recommended.

	Qualcomm
	This option is not preferred.


4 Summary of email discussion
Nineteen companies replied to the email discussion. 
Solution 1: Use threshold value zero to indicate that the UE is required to measure intra-frequency continuously

All companies think that the NB-IoT UE should not be required to measure intra-frequency continuously.
Solution 2: The UE uses signalled value times 3 for SIntraSearchP.

Twelve companies think that increasing the value range is a simple solution for REL-13 to fix the problem. Among the proponents to increase the value range, most companies think that an increased range should be introduced (ASN.1 impact), instead of using a higher multiplication factor, to not affect the granularity (e.g. impacting NWs that do not require an extended range). Some companies discussed enhancements with an increased value range. Seven companies are worried about the power consumption impact on UEs that are below the measurement threshold when the range is increased.
Solution 3: When the UE is not required to perform intra-frequency measurements the UE performs intra-frequency measurements before access

Most companies express concerns about the potential impact on paging, and increase in access delay. Some companies think this proposal and associated issues can be discussed in a later release. 
Solution 4: When the UE is not required to perform intra-frequency measurements the UE performs periodic intra-frequency measurements

Most companies express concerns about the power consumption for periodic measurements and do not prefer this option.

NOTE: In case the measurement period exceeds the DRX/eDRX cycle, then the periodic measurements can happen when the UE wakes-up to monitor paging. Furthermore the periodic measurements could potentially be relaxed (e.g. when no stronger neighbours are detected for some time).
Solution 5: When the UE is not required to measure, a drop in RSRQ of serving cell triggers new intra-frequency measurements

There are quite a few companies (9?) that think this is not the preferred way forward for REL-13. In this context some companies have concerns how to define the proper thresholds and the fact that RSRQ measurements in REL-13 are only defined with the cell suitability. However there are also companies that see potential benefits with this approach (7?) or that the issues with this solution that could be explored further (3?). 
Solution 6: Measurement threshold dependent on UE mobility state

Most companies think that this solution is too complex to introduce in REL-13 (or that there are inherent problems with the solution as such). 

Solution 7: Dedicated measurement threshold

Most companies think that this solution is too complex to introduce in REL-13 (or that there are inherent problems with the solution as such). 

5 Proposed way forward
Based on the (large) email response the following way forward is proposed: 
The following solutions are excluded for further discussion in REL-13: 

Proposal 1: Solutions 1, 3, 4, 6 and 7 are no further explored as a solution in REL-13 for “too late re-selection” in NB-IoT.
Extending the value range received quite some support, but also the use of RSRQ measurements received significant support. Extending the value range is a more straightforward solution compared to the use of RSRQ measurements, however the RSRQ measurement have the potential to avoid unnecessary measurements. It is proposed to keep both options open and follow a two-track approach for RAN2#98 meeting: based on stage 3 contributions to use RSRQ measurement then this option can be further discussed in RAN2#98. Otherwise extending the value range seems to be an agreeable and feasible solution for REL-13: 
Proposal 2a: RAN2 to discuss stage 3 contributions to use RSRQ measurements for “too late re-selection”
Proposal 2b: RAN2 to discuss stage 3 contributions for extending the value range of SIntraSearchP, i.e. introduce an extended range in the ASN.1. 
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