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1 Introduction
In RAN2#97bis meeting, we shared a ‘Too late reselection’ problem that we encountered during NB-IoT field trial. The agreements are as follows:
agreement
· 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.

The email discussion 97bis #31 was launched to discuss on the candidate solutions.  In this contribution, we firstly review the background of ‘Too late reselection’ problem and then discuss on the feasible solutions.
2 Discussion

Background of too late reselection issue in NB-IoT
As NB-IoT industry growing, many companies have launched NB-IoT field trial. In our field trial, especially in the road trial, it is found more frequently that UE works at much lower SINR while the RSRP of the serving cell much lower than that of the identified neighbouring cell(s). Based on the analysis of the test log, it is mainly due to too late cell re-selection following the un-timely measurement triggering. This contribution mainly discusses on the cell reselection issue of NB-IoT.

In our NB-IoT field trial, NB-IoT works in standalone mode and all the NB-eNBs are deployed in the same frequency. In order to save the cost of constructing NB-IoT infrastructure, the NB-eNB is co-sited with LTE eNB. The NB-eNB’s RS TX Power is 32.2dBm, larger than LTE CRS which is normally around 15.2dBm, in order to support NB-IoT 164dB MCL to overcome additional penetration loss of 20dB that usually required by IoT applications.
In such deployment scenario and cell topology, the RSRP of NB-cell at the cell boundary is much higher than that of LTE cell although the cell geographic boundary of NB cell is almost as same as LTE cell. From the trial results shown in Fig 1, we can find that 50% RSRP CDF is -72dBm and 5% RSRP CDF is -107dBm. 50% SINR CDF is 0dB and 5% SINR CDF is -16dB. These RSRP and SINR results are much worse than expected. When looking into these results, we found that a large number of the NB-UEs are not camping on the most suitable cell from RSRP perspective, which resulting in the poor coverage performance.
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Fig 1 Field trial results of RSRP and SINR CDF curve
After tracking such UE’s behaviour, we found that although the UE camping on one NB-eNB has moved very close to another NB-eNB, which means the RSRP of the neighbour cell is much better than camping cell, this UE does not perform cell reselection in time because the inter cell measurement is not triggered yet.
Table 1, LTE and NB-IoT network configurations

	
	LTE network
	NB-IoT network

	Reference Signal TX Power
	15.2dBm
	32.2dBm

	Qrxlevmin
	-128dBm
	-132dBm

	Cell-edge UE RSRP Qrxlevmeas
	(-100…-70)dBm
	(-82…-52)dBm

	Cell-edge UE Srxlev
	(28...58) dB
	(50…80) dB

	SIntraSearchP
	(0…31) x 2 dB
(defined in TS36.331)
	(0…31) x 2 dB
(defined in TS36.331)

	Analysis on inter-cell measurement trigger
	Cell-edge UE Srxlev is inside SIntraSearchP boundary
	Cell-edge UE Srxlev exceeds SIntraSearchP upper boundary


It is mainly due to that although the UE is moving very close to neighbouring NB-eNB, RSRP from serving NB-eNB is still much higher than the highest threshold for triggering inter-cell measurement that can be set following the definition in TS36.331 [1]. The detailed NB-IoT network configurations are shown in Table 1, taking LTE network configurations as comparison. The cell-edge UE is the UE in the midpoint of two neighbour NB-eNBs. As defined in TS36.304 [2], “if the serving cell fulfils Srxlev > SIntraSearchP, the UE may choose not to perform intra-frequency measurements”. This means the trigger for cell reselection measurement is ‘Srxlev <= SIntraSearchP’. For the NB-UE in the cell-edge, Srxlev = Qrxlevmeas – Qrxlevmin = (-82…-52)dBm – (-132)dBm = (50…80) dB. However as defined in TS36.331, the range of SIntraSearchP is (0…31) x 2 dB. Therefore even when the NB-UE is in the cell-edge, it would be very likely that Srxlev is still larger than SIntraSearchP. In other words, the measurement for cell reselection is still not triggered.
We call this problem as “too late reselection” in our field trial. This problem causes high interference from neighbour cells. And as consequence, the paging message is disturbed and causing the UE unreachable. In addition, when the UE transits to connected state, the UE consumes much more power for data transmission in order to overcome the high interference. Therefore, it is proposed to solve this problem in Rel-13 and further releases.
Solutions 
Solution 2: Extend range

From the discussion above, we can see the existing SIntraSearchP range is not enough for NB-IoT deployment. Therefore, the simplest and most directly solution is to extend SIntraSearchP range, just as solution 2 in Email Discussion 97bis #31. This solution has least standardization impact and a litter change on UE and network realization.
Regarding to the solution 2, actually there are 2 ways to achieve this goal. One way called solution 2.1, is using a higher multiplication factor, i.e. the SIntraSearchP is changed from (0…31)x2 to (0...31)x3. The other way called solution 2.2, is to extend the range from (0…31)x2 to (0…63)x2.
Solution 2.1: Extend SIntraSearchP range from (0…31)x2 to (0…31)x3

Solution 2.2: Extend SIntraSearchP range from (0…31)x2 to (0…63)x2

We would like to analysis on this solution further. 

For solution 2.1, there is no ASN.1 change and therefore no impact on eNB standardization and implementation. It has impact on UE standardization and implementation, due to changing of multiplication factor. But what we care much is the impact on operators. 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.
Since solution 2.2 changes ASN.1, it has impact on UE and network standardization and implementation. For solution 2.2, 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 just as before.
The common shortcoming for solution 2.1 and 2.2 is the possibly impact on UE power consumption. But thes solutions extend the SIntraSearchP range. Not necessarily means to increase SIntraSearchP value. Operator can set an appropriate value according to the network deployment. As discussed above, operators don’t have too late reselection problem can simple reuse the lower threshold.

Assuming the SIntraSearchP value is increased, the impact on indoor or basement UE is quite small. We classify the UE into two groups. First group is the 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 intra-frequency measurement in order to camp on a better cell. This group of UE is not affected by the extended range. Second group is the UEs whose RSRP is higher than original SIntraSearchP but lower 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). The latter indoor stationary UEs are unfortunately punished by this scheme. 
In order to alleviate the drawback of UE power consumption, it is suggested that, if the UE is designed to be stationary and no better cell detected for a while, UE is not forced to perform inter-frequency measurement in each DRX cycle. This improvement can be implemented by UE vendor and no need for standardization in Rel-13.

Proposal 1: Extend SIntraSearchP range from (0…31)x2 to (0…63)x2 for Rel-13 NB-IoT.
We provide two CR for solution 2.2, i.e. option A [3] and option B [4].
Option A introduces a new bit. Since the legacy (0...31)x2 is expressed by 5bits and (0…63)x2 can be expressed by 6bits. This CR only introduces one new bit to express the extended range. This new bit combines with the legacy 5bits together express the new range (0...63)x2. Introducing a single bit is simple and saves the SI space. 

Option B introduces a new IE to express (32...63)x2. If the (32...63)x2 part presents, the UE will bypass the legacy (0...31)x2 part. Otherwise, the UE will adopt the (0...31)x2 part. The advantage of this scheme is that even if the network or UE don't support this extension, the UE can still leverage the legacy value (0...31)x2 to perform cell reselection.
Solution 5: RSRQ based solution
Other than solution 2, there is also RSRQ based solution 5 as discussed in Email discussion 97bis#31. We have some concern on this solution. Firstly, Rel-13 NB-IoT UE is only required to perform measurement for RSRQ during cell suitable check. But this solution requires NB-IoT UE to perform measurement for RSRQ every DRX. The power consumption of all the UE is impacted, which need further study. Secondly, we worry whether RSRQ will help on this issue. Because in the current definition of RSRQ. RSSI not only contains neighbour cell signal power but also serving cell signal power. The load in serving cell strongly affects the RSRQ value. This makes the RSRQ not accurately reflect the real interference from neighbour cell. Actually, in the LTE real network and NB-IoT field trial, if the load of serving eNB becomes heavier, although the UE is close to the serving eNB, the receiving RSRQ may decrease. That’s why we worry that monitoring RSRQ to judge the interference from neighbour cell may not be an accurate way. Thirdly, RSRQ measurement for cell reselection purpose has been excluded from NB-IOT in early stage of standardization. Reintroducing RSRQ and designing mechanism of RSRQ measurement may need more time and carefully design. At current stage of Rel-13, it is better to find a more straightforward way to solve the problem. Therefore, RSRQ based solution is not recommended for solving ‘too late reselection’ problem in Rel-13.
Proposal 2: RSRQ based solution is not recommended for Rel-13.
Solution 6: Mobility based solution

In addition, there is also mobility based solution 6 as discussed in Email discussion 97bis#31. Since whether the UE is stationary is difficult to be judged by network side, some company suggests to have different UE category according to UE mobility, i.e. one category for stationary UE, the other for mobile UE. Different category may have different mobility settings and parameters. The criteria need to be carefully designed, because although some kinds of UE are designed to be stationary, operators may modify antenna angle of the base station for network optimization purpose, which makes the receiving quality of serving cell change, equivalent to UE moving. Therefore, this solution seems complex and has large impact on standardization. We suggest that solution 6 can be considered for Rel-14 and further releases.
Proposal 3: Mobility state based solution can be considered for Rel-14 and further releases. 
3 Conclusions
In this paper, we have discussed the issues we encountered in NB-IoT field trial. We would like to propose:
Proposal 1: Extend SIntraSearchP range from (0…31)x2 to (0…63)x2 for Rel-13 NB-IoT.

Proposal 2: RSRQ based solution is not recommended for Rel-13.

Proposal 3: Mobility state based solution can be considered for Rel-14 and further releases. 
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