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1. Introduction
The requirements for neighbour cell measurements in connected model for NB-IoT was discussed in previous meetings. Based on the discussion in RAN4#101e meeting, the agreements and open issues are captured in WF [1].
2. Discussion
2.1 Requirement for intra-frequency measurement
Regarding the requirement for intra-frequency measurement, the status are quite convergent as follows:
	Issue 1-3-1: Intra-frequency requirements
FFS:
When DRX is not configured:
· Tdetect_intra = 1400 ms
· Tmeasure_intra = 800 ms for NRS-based measurement
· Tmeasure_intra = 1600 ms for NSSS-based measurement
When DRX is configured:
· Tdetect_intra = 5 DRX cycles
· Tmeasure_intra = 5 DRX cycles.



The only remaining issue is about Tdetect_intra in DRX mode. One company had concerns on 5 DRX cycles for detection. We further clarify how it is derived. According to the LS reply to RAN2 [2], for intra-frequency measurement, UE can have use any time occasions for cell detection and measurement without causing interruptions, and the time needed is up to 1400 ms in DRX model and non-DRX mode. Then considering the possible CDRX configurations, the minimum DRX cycle is 256 ms as shown below. Then the maximum DRX cycle is 5 ~ 6 cycles (1400/256). Thus, consider the most extreme case, it is proposed that Tdetect_intra = 6 DRX cycles.
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Proposal 1: 
Intra-frequency cell detection and measurement requirements could be defined as:
When DRX is not configured:
Tdetect_intra = 1400 ms
Tmeasure_intra = 800 ms for NRS-based measurement
Tmeasure_intra = 1600 ms for NSSS-based measurement
When DRX is configured:
Tdetect_intra = 6 DRX cycles
Tmeasure_intra = 5 DRX cycles

2.2 Requirement for inter-frequency measurement
Based on the discussion in email threads and GTW session, companies are not aligned in some conceptions during the discussion. For instance, the terminologies of measurement samples and measurement occasions are used but with different understandings among companies. So we would like to clarify these terminologies are very beginning of the paper to avoid ambiguities. 
First, for measurement samples, which is used to decide how many RS are needed to derive a reliable L1 measurement result. For instance, for NSSS based measurement, according to the agreed simulation assumption, the measurement sample rate is 1 sample/40ms, and the total L1 measurement period is 1600ms, which means UE needs 40 measurement samples (available NSSS) to derive a reliable L1 measurement result. The measurement occasions here are some specific definition for NB IoT inter-frequency measurement. RAN4 used the terminology of occasions in [2] to indicate the vacant slots UE is not scheduled for transmission/reception. So a measurement occasion means a time period that UE can perform inter-frequency measurement according to the conditions for inter-frequency measurement, and within a measurement occasions, there could be one or more measurement samples (RS for measurement). The terminologies are shown in the following example.
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Fig. I measurement samples within one measure occasion
Observation 1: One measurement occasions is a time period available for inter-frequency measurement according to the conditions for inter-frequency measurement which may consist one or more measurement samples for cell detection and measurement.
One of the remaining issue is whether and how to define the minimum length of single measurement occasions for inter-frequency measurement. Current status are summarized as follows:
	Issue 1-2-3: Minimum length of single measurement occasions for inter-frequency measurement
FFS:
Minimum length of occasion for measurement is X ms, where X is FFS
Minimum length of occasion for cell detection is Y ms, where Y is FFS




The motivation is that as there is no NW-configured measurement gap, UE cannot know whether there is available RS for detection and measurement within a certain measurement occasion. For cell detection, UE needs to search the NPSS/NSSS of neighbor cells. Considering the periodicity of NSSS is 20 ms, the measurement occasions has to be longer than 20 ms that UE can find at least one NPSS/NSSS within this measure occasion. If a measurement occasions is shorter than 20 ms (e.g. 10 ms), it is possible that UE cannot find a NSSS of target cell.
Observation 2: The length of a measurement occasion should be longer than minimum length to guarantee that there is at least one RS for cell detection and measurement.
For cell detection, the measurement occasion should be at least 20 ms to cover a NSSS, and considering the time needed for RF tuning, the minimum length of measurement occasions for cell detection is proposed to be 21 ms. Similarly, for measurement, it is further divided in to NRS based measurement and NSSS based measurement. For NSSS based measurement, same as cell detection, the minimum length is proposed to be 21 ms. For NRS based measurement, according to the NRS availability in TS 36.211 as follows. It is proposed that the minimum length of a measurement occasion for NRS based measurement should be 11 ms.
	Before a UE obtains operationModeInfo:
-     If frame structure type 1 is used, the UE may assume narrowband reference signals (NRSs) are transmitted in subframes #0 and #4 and in subframes #9 not containing NSSS. 
-     If frame structure type 2 is used, the UE may assume narrowband reference signals (NRSs) are transmitted in subframes #9 and in subframes #0 not containing NSSS.



Proposal 2: 
Minimum length of occasion for cell detection is 21 ms.
Minimum length of occasion for NRS based measurement is 11 ms, and 21ms for NSSS based measurement.
Regarding how to formulate the requirements for inter-frequency measurement and detection. Companies have different views on whether to define the requirements based on the number of samples or measurement occasions time. The current status are summarized as follows. From our understanding, there is no significant difference between two options. One is to guarantee that there is enough samples available to derive a reliable measurement result and the other is to guarantee that the available measurement time is longer that what is needed. We are fine to formulate the measurement time based on number of samples based on the agreement on sampling rate and number of samples.
 
	Issue 1-3-2: Inter-frequency Measurement requirements
FFS:
· Option 1: 
· RRM measurement requirements on a target carrier different from the serving carrier is defined as: 
· Tmeasure_inter = 5*min(5000, Ta)
· Where Tmin ≤ Ta ≤ 5000 ms
· Tmin=80 ms is the minimum time interval between two successive measurement occasions.
· Assuming DL subframes containing NRS signals of the measured cell is available within (5, Ta) at the UE assuming the measured cell is an identified cell.
· Option 2: 
· Tmeasure_inter =   Ceil(Tmeasure_basic/Ninter_NB_occasion)* Tmeasure_NB_interval
· Where Tmeasure_basic is 800ms for NRS-based measurement and 1600ms for NSSS-based measurement, Ninter_NB_occasion is the minimum length of available occasions during measurement period, and Tinter_NB_interval is the maximum interval between two available occasions during measurement period.


We provide the previous agreement on number of samples and sampling rate for L1 measurement for NRS-based measurement and NSSS based. For NSSS-based measurement, according to the agreed simulation assumption and results [3], the measurement sampling rate is assumed to be 1 sample/40 ms and 1600 ms is the agreed measurement period. So according to previous agreement, for NSSS-based measurement, number of samples is 40 and sampling rate is assumed to be 1 sample/40 ms.
Observation 3: Based on previous agreement, for NSSS-based measurement, number of samples is 40 and sampling rate is assumed to be 1 sample/40 ms.
For NRS-based measurement, according to [4], the sampling rate is 60 NRS within 800 ms and the number of samples it assumed to be 60.
Observation 4: Based on previous agreement, for NRS-based measurement, number of samples is 60 and sampling rate is assumed to be 60 sample/800 ms.
	R4-1709045
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Thus, based on analysis above, to guarantee that UE can obtain enough number of samples to derive a reliable L1 measurement, the number of samples within measurement occasions should be larger than what is presented in observation 3 and 4. Thus, we modify the formula in option 1 in the WF to better reflect the total time needed.
Tmeasure_inter = , 
where Ta,i is the interval between available measurement samples, where Ta,i ≥ 20 ms for NRS and 40 ms for NSSS. N = 60 for NRS-based measurement and 40 for NSSS based measurement.
In above formula the minimum interval between two samples (20 ms for NRS-based measurement and 40 ms for NSSS-based measurement) are reused from assumed sampling rate according to previous agreement, where 20 ms for NRS-based measurement is derived by rounding up of 60 samples/800ms. In last meeting, there is another left issue is whether and how to define the minimum interval between samples for neighbour cell measurement. We believe the motivation is similar to the sampling rate as mentioned above. Thus, the most straightforward approach is to follow the previous assumption. Thus, with the minimum length of Ta,i for NRS and NSSS based measurement, it can already serve the purpose and there is no need to further specify the interval for filtering.
Proposal 3:
Requirements for inter-frequency measurement on a carrier different from serving carrier requirements is defined as:
 Tmeasure_inter = , 
where Ta,i is the interval between available measurement samples, where Ta,i ≥ 20 ms for NRS and Ta,i ≥ 40 ms for NSSS. N = 60 for NRS-based measurement and 40 for NSSS based measurement.
Proposal 4: There is no need to define minimum interval for filtering provided that Ta,i ≥ 20 ms for NRS and Ta,i ≥ 40 ms for NSSS
For inter-frequency cell detection, one alternative is to follow the same approach as proposal 3 where N is number of samples for cell detection. However, according to previous agreement about number of samples needed for cell detection [5], it requires 200 instances for cell detection, which is larger than the agreed number in the LS reply (1400ms). Thus, we prefer to use the 1400 ms as the baseline to derive the time needed for cell detection. Thus, the requirements for inter-frequency cell detection are proposed as follows:
T detect_inter = , where La,i is the interval between available measurement occasions. And N is the number of occasions when  ≥1400ms and  < 1400ms, and La,i is the length of each available measurement occasions.
Proposal 5: T detect_inter = , where Ta, is the interval between available measurement occasions. And N is the number of occasions when  ≥1400ms and  < 1400ms, and La,i is the length of each available measurement occasions.

2.3 Multiple carriers operation
When UE is required to perform neighbour cell measurement on multiple carries, according to the previous RAN4 agreement, the time for cell detection and measurement shall be number of carriers, which is common understanding in measurement requirement in different RATs as UE needs to take turn to measure different layers.
	R4-2115374
Issue 1-1-5: Multiple carriers for neighbour cell measurements.
· Agreements :
· The UE with the support of CONNECTED mode neighbor cell measurements shall support neighbour cell measurements on at least same number of carriers in CONNECTED mode as in IDLE mode, including the carrier which is same as the serving carrier and at least two carriers, which are different from the serving carrier. 
· Detection and measurement delay shall be scaled by the number of measured carriers
· Note: it is RAN4 understanding that support of CONNECTED mode neighbor cell measurements is an optional UE capability




Regarding how to formulate the requirements for detection and measurement, the issues is not that controversial. No matter how to define the requirement of single carrier, the overall delay should be scaled by number of carriers. 
Proposal 6: 
Requirements for cell detection and measurement when UE is required to monitor multiple carriers are defined as:
Tdetect = Tdetect _intra+Nfreq* Tdetect_inter
Tmeasure = Tmeasure _intra+Nfreq* Tmeasure_inter
Where Nfreq is number of inter-frequency layers to be measured according to the measurement capability.
Another remaining issue is the relation between carriers measured in IDLE mode and carriers for RRC Reestablishment. The status are captured as follows:
	Issue 1-2-1: Carriers measured in IDLE mode
FFS for following options:
○ Option 1: The UE may continue measuring on neighbour cells detected in RRC_IDLE/INACTIVE modes continuously (e.g. every 5 seconds) after transition to RRC_CONNECTED state provided the carrier of the detected cell is one of the configured carriers for RRC connection reestablishment. 
○ Option 2: Carriers to perform neighbour cell measurement in connected mode is up to UE implementation, which could be the carriers detected in IDLE mode. 



Companies commented that the meaning of “configured carriers for RRC connection reestablishment”. We have the similar understanding that for RRC connection reestablishment, there is no configurations on which carries UE shall perform the Reestablishment not even for NB-IoT but also in other RATs. It is the most common implementation that UE conduct Reestablishment on carriers using history information on carriers detected in IDLE mode. Option 1 seems to specify that UE has to perform Reestablishment on these carriers, which is not relevant to the connected mode neighbour cell measurement. In legacy requirements, RAN4 doesn't define such restrictions in different RATs. And for carriers to perform neighbour cell measurements, according to RAN2 agreement, it is up to UE implementation to choose carrier for measurement. So we fail to see what the RAN4’s impact is on choosing the carries for measurement.
	RAN2 115e
· Provision of information regarding which cells/carriers to be considered is not supported. It is up to UE implementation to choose and prioritize carrier/cell list for measurement.



Proposal 7: There is no RAN4’s spec impacts on which carriers UE shall choose to perform connected mode neighbour cell measurement.
There is another left issue about whether to deprioritize defining CONNECTED mode neighbour cell measurement requirements when the serving cell is in enhanced coverage. From RRM requirement perspective, there is no big difference when the serving cell is in normal coverage or in enhanced coverage. But considering the realistic scenario, it maybe the corner case that UE to perform neighbour cell measurement to save time in Re-establishment when the serving cell is in EC. In general, defining requirements for such case won’t bring much specification effort but it is not the typical scenarios for this feature. Thus, we have slight preference that also deprioritize defining CONNECTED mode neighbour cell measurement requirements when the serving cell is in enhanced coverage.
Proposal 8: Deprioritize defining CONNECTED mode neighbour cell measurement requirements when the serving cell is in enhanced coverage
2.4 Adding channel quality reporting table for 16-QAM NB-IoT
RAN1 has send an LS to RAN4 to inform the agreements about channel quality reporting for 16-QAM [6]. According to RAN1’s assumption, the agreed mapping table should be included in RAN4 spec. 
	It is RAN1’s assumption that the channel quality reporting table will be captured in spec by RAN4, and the corresponding signalling will be captured in spec by RAN2.



According to the RAN4 working plan for this topic, the channel quality reporting to support 16-QAM in NB-IoT will be discussed in Demod session. As only performance requirements will be defined in Demod specification, it is suggested to capture the table in RRM spec [8], and the performance requirements of channel quality reporting of 16-QAM will be discussed in Demod session. 
Proposal 9: Capture the mapping table for channel quality reporting of 16-QAM in 36.133, and the corresponding performance requirements will be discussed in Demod session.
3. Conclusions
Proposal 1: 
Intra-frequency cell detection and measurement requirements could be defined as:
When DRX is not configured:
Tdetect_intra = 1400 ms
Tmeasure_intra = 800 ms for NRS-based measurement
Tmeasure_intra = 1600 ms for NSSS-based measurement
When DRX is configured:
Tdetect_intra = 6 DRX cycles
Tmeasure_intra = 5 DRX cycles
Observation 1: One measurement occasions is a time period available for inter-frequency measurement according to the conditions for inter-frequency measurement which may consist one or more measurement samples for cell detection and measurement.
Observation 2: The length of a measurement occasion should be longer than minimum length to guarantee that there is at least one RS for cell detection and measurement.

Proposal 2: 
Minimum length of occasion for cell detection is 21 ms.
Minimum length of occasion for NRS based measurement is 11 ms, and 21ms for NSSS based measurement.
Observation 3: Based on previous agreement, for NSSS-based measurement, number of samples is 40 and sampling rate is assumed to be 1 sample/40 ms.
Observation 4: Based on previous agreement, for NRS-based measurement, number of samples is 60 and sampling rate is assumed to be 60 sample/800 ms.
Proposal 3:
Requirements for inter-frequency measurement on a carrier different from serving carrier requirements is defined as:
 Tmeasure_inter = , 
where Ta,i is the interval between available measurement samples, where Ta,i ≥ 20 ms for NRS and Ta,i ≥ 40 ms for NSSS. N = 60 for NRS-based measurement and 40 for NSSS based measurement.
Proposal 4: There is no need to define minimum interval for filtering provided that Ta,i ≥ 20 ms for NRS and Ta,i ≥ 40 ms for NSSS
Proposal 5: T detect_inter = , where Ta, is the interval between available measurement occasions. And N is the number of occasions when  ≥1400ms and  < 1400ms, and La,i is the length of each available measurement occasions.
Proposal 6: 
Requirements for cell detection and measurement when UE is required to monitor multiple carriers are defined as:
Tdetect = Tdetect _intra+Nfreq* Tdetect_inter
Tmeasure = Tmeasure _intra+Nfreq* Tmeasure_inter
Where Nfreq is number of inter-frequency layers to be measured according to the measurement capability.
Proposal 7: There is no RAN4’s spec impacts on which carriers UE shall choose to perform connected mode neighbour cell measurement.
Proposal 8: Deprioritize defining CONNECTED mode neighbour cell measurement requirements when the serving cell is in enhanced coverage
Proposal 9: Capture the mapping table for channel quality reporting of 16-QAM in 36.133, and the corresponding performance requirements will be discussed in Demod session.
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-2. Simulation assumption

Table 1 Simulation assumption for measurement accuracy improvement:

Parameters Value Comments
Measurement bandwidth. 1 resource blocks. Both RSRP and RSRQ measured over 1 RB
System bandwidth. 1 resource blocks.
L1 measurement period. 200ms, 400ms, 800 ms,
1600ms.
Measurement sampling rate. 1 sample/40ms Implementation dependent (NOTE 1)
L3 filtering. Disabled
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Following parameters need to be included in the assumptions for alignment of results:

Frequency error:

* +/-50Hz @2 GHz

Minimum number of subframes containing NRS per L1 measurement period used by the UE for

NRSRP/NRSRQ measurements:

* For L1 measurement period of 400 ms: 30 subframes containing NRS

* For L1 period of 800 ms: 60 subframes containing NRS

* Time window over which coherent combining is done is to be disclosed by the companies for alignment
purpose.

Measurement periods in non-DRX: 400 ms (normal coverage) and 800 ms (enhanced coverage)

Measurement accuracy requirements derived for maximum value obtained at the 5t and 95t percentiles of
CDF
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