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1. Introduction
The core requirements for Rel-17 NB-IoT was completed in last RAN4 meeting, with the Big CR approved in [1]. According to the working schedule, the performance part should be discussed. In this paper, we provide views on how to define the test cases to verify the feature of neighbour cell measurement for Rel-17 NB-IoT.
2. Discussion
The feature of neighbour cell measurement before RLF is to shorten the cell searching time upon entering RRC Re-establishment procedure. UE can establish connection to target cell sooner utilizing the information obtained during neighbour cell measurement before RLF. Thus, the feature can be verified in terms of delay of RRC Re-establishment.
Observation 1: The feature is to shorten the RRC Re-establishment delay by utilizing information obtained during neighbour cell measurement before RLF.
Then regarding how to design the test cases to verify the correct UE behaviour, we suggest to have following time periods as shown in the following Fig. 1.
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Fig.1 Time period configuration for test cases
T1: During T1, the serving cell NRSRP should be higher than the threshold for neighbour cell measurement to guarantee that UE will not trigger neighbour cell measurement. The existing accuracy requirements of serving cell measurement should be considered.
T2: During T2, the serving cell NRSRP should fulfil the threshold for neighbour cell measurement, and at same time the SINR level should guarantee that UE will not triggering OOS. T2 should be longer than the time needed for serving cell measurement.
T3: During T3, the serving cell NRSRP shall keep the same level as that in T2 and the target neighbour cell shall be turned on from T3. T2 should be longer than the time needed for neighbour cell measurement.
T4: During T4, the SINR should be set lower than Qout and UE shall trigger RLF. T4 should be longer than the time needed for OOS evaluation.	
T5: During T5, UE is expected to perform RRC Re-establishment to the target neighbour cell. T5 should be longer than the delay for RRC Re-establishment for known case.
Based on the analysis above, it should be verified that whether UE can start RRC re-establishment to target Cell before the end of T5.
Proposal 1: Define the test cases with following time period:
T1: During T1, the serving cell NRSRP should be higher than the threshold for neighbour cell measurement to guarantee that UE will not trigger neighbour cell measurement. The existing accuracy requirements of serving cell measurement should be considered.
T2: During T2, the serving cell NRSRP should fulfil the threshold for neighbour cell measurement, and at same time the SINR level should guarantee that UE will not triggering OOS. T2 should be longer than the time needed for serving cell measurement.
T3: During T3, the serving cell NRSRP shall keep the same level as that in T2 and the target neighbour cell shall be turned on from T3. T2 should be longer than the time needed for neighbour cell measurement.
T4: During T4, the SINR should be set lower than Qout and UE shall trigger RLF. T4 should be longer than the time needed for OOS evaluation.	
T5: During T5, UE is expected to perform RRC Re-establishment to the target neighbour cell. T5 should be longer than the delay for RRC Re-establishment for known case.
The test requirement is to verify that whether UE can start RRC re-establishment to target Cell before the end of T5.
Regarding the combinations of different cases, we may have DRX/non-DRX, NC/EC, intra-frequency/inter-frequency, TDD/FDD, in-band/guard-band/SA. This may lead to many test cases, thus we suggest to pick some typical cases to define test cases. First, regarding NC and EC case, according to the core part discussion, the requirements are defined for the case when the target cell is in normal coverage and the serving cell can be in either normal coverage or enhanced coverage. Then requirements are same no matter whether the serving cell is in NC or EC. Additionally, considering the NRSRP accuracy requirement in existing requirements which is around 10 dB, it means there needs to be at least 20 dB difference between NRSRP in T1 and T2 to make sure that UE will not start neighbour cell measurement before T2. Thus, it is suggested to only define test cases when both serving cell and neighbour cell are in normal coverage. 
Observation 2: No matter whether serving cell is in NC or EC, the requirements are same which is to search the target cell in NC.
Regarding DRX/non-DRX, according to the conditions for inter-frequency measurement, the measurement occasions should be at least 200 ms for detection and 50ms for measurement. Then, the most typical case to be considered is the DRX case. Thus, it is suggested to define intra-frequency measurement for non-DRX mode and inter-frequency measurement for DRX case. Thus, it is suggested to have following four test cases:
1. HD-FDD intra-frequency neighbour cell measurement under normal coverage in non-DRX in SA
2. TDD intra-frequency neighbour cell measurement under normal coverage in non-DRX in SA
3. HD-FDD inter-frequency neighbour cell measurement under normal coverage in DRX in SA
4. TDD inter-frequency neighbour cell measurement under normal coverage in DRX in SA
Proposal 2: Define test cases when serving cell and neighbour cell in normal coverage. Define intra-frequency test cases in non-DRX and inter-frequency test cases in DRX.
Proposal 3: Define following test cases:
1.	HD-FDD intra-frequency neighbour cell measurement under normal coverage in non-DRX in SA
2.	TDD intra-frequency neighbour cell measurement under normal coverage in non-DRX in SA
3.	HD-FDD inter-frequency neighbour cell measurement under normal coverage in DRX in SA
4.	TDD inter-frequency neighbour cell measurement under normal coverage in DRX in SA
Based on the analysis above, we further provide our views on some detailed configurations in the test cases.
For intra-frequency measurement, based on the analysis above, the test case should be defined under normal coverage in non-DRX case. The length of each time period and configuration for serving cell and neighbor cell are suggested as following table.
Table I. Intra-frequency test cases configurations.
	
	T1
	T2
	T3
	T4
	T5

	Leng of time period
	5 s
	T2 > serving cell measurement = 800 ms
T2 = 900 ms
	T3> neighbour measurement = 1400 + 1600 ms
T3 = 3100 ms
	T4>RLM +T310 = 400 ms + T310 
(T310 = 0)
T4= 500 ms
	T5 > RRC Re-establishment for known case= 10 +8320 + 80 ms (Defined in A.6.1.32)
T5 = 8520 ms

	Serving
	NRSRP>s-MeasureIntra
NRSRP: -89 dBm
s-MeasureIntra = -95
Noc = -98 dBm
SINR: 9 dB
	NRSRP<s-MeasureIntra
NRSRP: -101 dBm
s-MeasureIntra = -95
Noc = -98 dBm
SINR : -3 dB
	NRSRP<s-MeasureIntra
NRSRP: -101 dBm
s-MeasureIntra = -95
Noc = -98 dBm
SINR : -8.5 dB (> SINR in A.7.3.66)
	NRSRP：-Infinity
Noc = -98 dBm
SINR: -Infinity
	NRSRP：-Infinity
Noc = -98 dBm
SINR: -Infinity

	Neighbor
	NRSRP：-Infinity
SINR =-Infinity
Noc = -98 dBm

	NRSRP：-Infinity
SINR=-Infinity
Noc = -98 dBm

	NRSRP = -94 dBm
SINR 2.2 dB
Noc = -98 dBm

	NRSRP = -94 dBm
SINR  4 dB
Noc = -98 dBm

	NRSRP = -94 dBm
SINR 4 dB
Noc = -98 dBm


	Other configuration 
	T310 = 0
T311 = 15000
s-MeasureIntra = -95
s-MeasureDeltaP = 6
t-MeasureDeltaP = 60
non-DRX
Rmax = 8




Some clarifications on the suggested configurations in above table. First, s-MeasureIntra and NRSRP of serving cell is to guarantee that UE will not triggering measurement before T2, and the measurement accuracy in 9.1.22 is considered. The SINR configuration of serving cell is to guarantee that UE will trigger OOS before T4. The SINR level and Noc are mainly reused from test cases for RLM and RRC-Reestablishment.
For inter-frequency cases, there is a little difference from intra-frequency case, where the minimum measurement occasions should be guaranteed which is agreed to be 200 ms for detection and 50 ms for measurement. As suggested above, inter-frequency case should be defined in DRX mode. The DRX configuration is suggested to be 256 ms cycle with onduration = pp1 (Rmax=8, G=1) to have the inactive period longer than 200ms. Most other configurations are same as that for intra-frequency cases as following table.
Table II. Inter-frequency test cases configurations.
	
	T1
	T2
	T3
	T4
	T5

	Leng of time period
	5 s
	T2 > serving cell measurement = 5 DRX
T2 = 1300 ms
	T3> neighbour measurement = 14 + 8 DRX
T3 = 5700 ms
	T4>RLM +T310 = 20 DRX + T310 
(T310 = 0)
T4= 5200 ms
	T5 > RRC Re-establishment for known case= 10 +8320 + 80 ms (Defined in A.6.1.32)
T5 = 8520 ms

	Serving
	NRSRP>s-MeasureInter
NRSRP: -89 dBm
s-MeasureInter = -95
Noc = -98 dBm
SINR : 9 dB
	NRSRP<s-MeasureInter
NRSRP: -101 dBm
s-MeasureInter = -95
Noc = -98 dBm
SINR : -3 dB
	NRSRP<s-MeasureInter
NRSRP: -101 dBm
s-MeasureInter = -95
Noc = -98 dBm
SINR: -3 dB (>SNR2 in A.7.3.66)
	NRSRP：-Infinity
Noc = -98 dBm
SINR: -Infinity
	NRSRP：-Infinity
Noc = -98 dBm
SINR: -Infinity

	Neighbor
	NRSRP：-Infinity
SINR =-Infinity
Noc = -98 dBm

	NRSRP：-Infinity
SINR=-Infinity
Noc = -98 dBm

	NRSRP = -94 dBm
SINR 4 dB
Noc = -98 dBm

	NRSRP = -94 dBm
SINR  4 dB
Noc = -98 dBm

	NRSRP = -94 dBm
SINR 4 dB
Noc = -98 dBm


	Other configuration 
	T310 = 0
T311 = 15000
s-MeasureInter = -95
s-MeasureDeltaP = 6
t-MeasureDeltaP = 60
DRX: 256ms
Rmax = 8




Proposal 4: Define test cases based on configurations in Table I and Table II.

3. Conclusions
Observation 1: The feature is to shorten the RRC Re-establishment delay by utilizing information obtained during neighbour cell measurement before RLF.
Proposal 1: Define the test cases with following time period:
T1: During T1, the serving cell NRSRP should be higher than the threshold for neighbour cell measurement to guarantee that UE will not trigger neighbour cell measurement. The existing accuracy requirements of serving cell measurement should be considered.
T2: During T2, the serving cell NRSRP should fulfil the threshold for neighbour cell measurement, and at same time the SINR level should guarantee that UE will not triggering OOS. T2 should be longer than the time needed for serving cell measurement.
T3: During T3, the serving cell NRSRP shall keep the same level as that in T2 and the target neighbour cell shall be turned on from T3. T2 should be longer than the time needed for neighbour cell measurement.
T4: During T4, the SINR should be set lower than Qout and UE shall trigger RLF. T4 should be longer than the time needed for OOS evaluation.	
T5: During T5, UE is expected to perform RRC Re-establishment to the target neighbour cell. T5 should be longer than the delay for RRC Re-establishment for known case.
The test requirement is to verify that whether UE can start RRC re-establishment to target Cell before the end of T5.
Observation 2: No matter whether serving cell is in NC or EC, the requirements are same which is to search the target cell in NC.
Proposal 2: Define test cases when serving cell and neighbour cell in normal coverage. Define intra-frequency test cases in non-DRX and inter-frequency test cases in DRX.
Proposal 3: Define following test cases:
1.	HD-FDD intra-frequency neighbour cell measurement under normal coverage in non-DRX in SA.
2.	TDD intra-frequency neighbour cell measurement under normal coverage in non-DRX in SA.
3.	HD-FDD inter-frequency neighbour cell measurement under normal coverage in DRX in SA.
4.	TDD inter-frequency neighbour cell measurement under normal coverage in DRX in SA.
Proposal 4: Define test cases based on configurations in Table I and Table II.
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