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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#101-bis-e meeting, the agreements and open issues are captured in WF [1].
2. Discussion

2.1 Requirement for inter-frequency measurement
Based on the discussion in last meeting, the requirements for inter-frequency measurement and detection are agreed as follows:
	Issue 1-2-4: Detailed requirements for inter-frequency measurement
Agreement：
Requirements for inter-frequency measurement on a carrier different from serving carrier requirements is defined as:
Tmeasure_inter = ∑(i=1)N Min(5000,Ta,i )ms,
· where Ta,i is the interval between available measurement samples in measurement occasions according to the conditions for inter-frequency measurement. And UE is not required to monitor NRS and NSSS more frequent than once per 20ms and once per 40ms, 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.
· UE will restart the measurement when the interval between two samples are larger than 5000 ms, and the delay requirements are extended accordingly.
· The requirements apply when the Tmeasure_inter is less than X seconds. X is FFS.

Issue 1-2-5: Detailed requirements for inter-frequency detection:
Agreement：
Requirements for inter-frequency detection on a carrier different from serving carrier requirements is defined as:
Tdetect_inter = ∑(i=1)N Min(5000,Ta,i )ms,
· where Ta,i is the interval between available measurement samples in measurement occasions according to the conditions for inter-frequency measurement. And UE is not required to monitor NPSS/NSSS more frequent than once per 40ms, where Ta,i ≥ 40 ms, and N = 70.
· UE will restart the detection when the interval between two samples are larger than 5000 ms, and the delay requirements are extended accordingly.
· The requirements apply when the Tdetect_inter is less than X seconds. X is FFS.




We would like to first elaborate the sample-based approach and how to derive the requirements accordingly. According to the agreement of measurement delay, the delay is derived by counting the number of available samples until UE get enough number of samples (e.g. 40 for NSSS measurement). The definition of available samples is the samples within the available measurement occasions which fulfills the conditions for inter-frequency measurement. Thus, based on the above analysis, we can already derive the value of total delay as the number of NSSS in each occasions are deterministic. In addition, the lower bound and upper bound of interval between two samples is to have some conditions for UE implementations: 1) UE is not required to monitor every RS according to the sampling rate; 2) UE may not able to monitor the RS if the interval is too long.
Then the above two conditions are needed. One example on how to derive the value is shown in following fig. 1. Consider only 4 samples are needed for simplification. Then the total delay is Ta,1 + Ta,2 + Ta,3 + Ta,4 = 40+40+200+40 = 320 ms.
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Fig .1 Example on driving the total delay.
One of the remaining issue is about the conditions on minimum length of a measurement occasions. 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. One of the consideration is to guarantee that UE can obtain at least one RS for measurement/detection in one occasions. As discussed in last meeting, it will leads to too much RF retuning operation when UE can only get one sample in each occasion. And also it implies that UE is in heavy data traffic, and the total delay will be very long. Thus, it doesn’t make much sense to let UE perform inter-frequency measurement under this case (long delay and large overhead). Thus, we support to have a longer period as condition for each measurement period. Based on the options in last meeting, we propose as compromised solution that minimum length of an occasion for measurement and detection are 50 ms/100 ms respectively.
Proposal 1: 
Minimum length of occasion for measurements:  50 ms
Minimum length of occasion for cell detection:  100 ms
Another remaining issue is about having a cap on total delay brought up in last meeting. The motivation is similar as having conditions on minimum length of occasions. If UE barely has usable sample for measurement which means UE is in heavy data traffic, the measurement delay could be extremely long if without any limitation. Regarding the value of this X seconds. We proposed 50 seconds in last meeting. We give more analysis here for better understanding. One approach to define the limitation of inter-frequency measurement/detection is to follow the delay for intra-frequency measurement. The longest delay for intra-frequency measurement detection can be derived based maximum DRX cycle length, which is around 10 seconds. So the maximum delay for intra-frequency measurement/detection is aground 50 seconds (5*DRX cycle) and 60 seconds (6*DRX cycles).
[image: ]
Companies proposed to set the limitation for inter-frequency as 5 seconds or 10 seconds. However, it is not reasonable to define the limitation for inter-frequency shorter than that of intra-frequency since UE has more measurement opportunities for measurement. Thus, we propose to set the limitation for inter-frequency measurement/detection same as the maximum length of intra-frequency case, which is 50-60 seconds. 
Observation 1: It is reasonable to define the limitation for inter-frequency measurement/detection same as the maximum length of intra-frequency case which is 50-60 seconds. 
Proposal 2: 
The requirements apply when the Tdetect_inter and Tmeasure_inter is less than 50 seconds.

2.3 Multiple carriers operation
Regarding the requirements involving multiple carriers, one of the remaining issue is whether to define additional measurement behaviour that UE shall continue measure the cell detected in RRC_IDLE/INACTIVE mode after transition to RRC_CONNECTED mode as follows. Based on explanation from proponent companies, the motivation is clearer that UE shall continue measurement on intra-frequency neighbour cell immediately enters RRC_CONNECTED mode. However, as also commented by companies, it is some new behaviour compared with RAN2’s design. According to RAN2’s agreement, UE is only required to start monitoring neighbour cell when the criteria is met and UE is not in relaxed monitoring. While the following proposal is to say that UE needs to start intra-frequency measurement regardless of the above two criteria defined in RAN2. 
	Issue 1-3-2: Carriers for neighbour cell measurement  
FFS:
Option 1:
The UE continues measuring on at least one neighbour cell detected in RRC_IDLE/INACTIVE modes at least once every 5 seconds after transition to RRC_CONNECTED state provided that it belongs to the serving carrier frequency and meets the side condition (Es/Iot >= -6 dB).




From our understanding, it is more like an UE implementation which may have benefits, and it should not have spec impact as it contradicts with RAN2’s design on starting the neighbour cell measurement. Thus, we would like to focus on the neighbour cell measurement defined in RAN2 in this WI, and whether UE continues measurement on cells detected in RRC_IDLE/INACTIVE mode is left to UE implementation without spec impact.
Observation 1: According to RAN2 design, UE will start neighbour cell measurement when criteria is met and UE is not in relaxed monitoring. 
Proposal 3: Follow the neighbour cell measurement defined in RAN2, and whether UE continues measurement on cells detected in RRC_IDLE/INACTIVE mode is left to UE implementation without spec impact
Another remaining issue is also related to RAN2 design on whether to have additional triggering conditions. The status are as follows:
	Issue 1-5-1: Whether to have additional triggering conditions 
FFS:
Option 1: In addition to the already agreed triggering conditions, the UE shall initiate the neighbour cell measurements if K number of out-of-sync indications are detected in the cell.



First based on RAN2 discussion and agreements, triggering by OOS signal was once discussed but not supported finally. So at this stage of REl-17, we prefer not to reopen the discussion which has been considered by RAN2. Secondly, according to proponent company’s analysis, the motivation is that the measurement delay of OOS may be shorter than that for neighbour cell measurement. Regarding to this issue, we didn't see the problem if neighbour cell is triggered later than OOS signal. If NW wants UE to start neighbour cell measurement earlier, NW can simply configure a larger threshold (SIntraSearchP-Conn/ SnonIntraSearchP-Conn), then it can make sure that UE start measurement even before first OOS. So, it is not very clear why trigger neighbour cell by K OOS can serve the purpose. Thus, we suggest to follow RAN2 design about neighbour cell measurement triggering and no need to have further discussion in RAN4.
Proposal 4: It is suggested to follow RAN2 design about neighbour cell measurement triggering and no need to have further discussion in RAN4.
3. Conclusions
Proposal 1: 
Minimum length of occasion for measurements:  50 ms
Minimum length of occasion for cell detection:  100 ms
Proposal 2: 
The requirements apply when the Tdetect_inter and Tmeasure_inter is less than 50 seconds.
Observation 1: According to RAN2 design, UE will start neighbour cell measurement when criteria is met and UE is not in relaxed monitoring. 
Proposal 3: Follow the neighbour cell measurement defined in RAN2, and whether UE continues measurement on cells detected in RRC_IDLE/INACTIVE mode is left to UE implementation without spec impact
Proposal 4: It is suggested to follow RAN2 design about neighbour cell measurement triggering and no need to have further discussion in RAN4.
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CHOICE {

NULL,
SEQUENCE {«
ENUMERATED {«
opl, pp2, pp3, pp4, pp8, pplé, pp32, spare},«
ENUMERATED {«
op0, ppl, pp2, pp3, pp4, pp8, pPpPlé, pp32},«
ENUMERATED {«
op0, ppl, pp2, pp4, ppé, pp8, pplé, pp24,«
pp33, sparel, spare6, spareS,o
spared, spare3, spare2, sparel},«
ENUMERATED {«
s£256, s£512, sf1024, sf1536, s£2048, s£3072,¢
s£4096, sf4608, s£6144, s£7680, sf8192, s£9216,0
spared, spare3, spare2, sparel},«
INTEGER (0..255),¢
ENUMERATED {«
op0, ppl, pp2, pp4, ppé, pp8, pplé, pp24,«
pp33, pp40, ppé4, pp80, pp96,«
ppll2, ppl28, pplé0, pp320}«
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