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1. Introduction
At RAN4#75 meeting, it was proposed a relaxation that the measurement requirements defined for deactivated SCell are applied to the 3rd activated SCell and higher order [1] in 4DL/1UL CA WI. At RAN4#76, RAN4 discussed the relaxation of 3rd SCell measurement in 4DL/1UL CA WIs again. RAN4, however, did not reach a consensus. As a result, the target completion date of 4DL/1UL CA WIs, which is RAN#69, was delayed. On the other hand, RAN#69 approved new WIs of 5DL/1UL CA [2-5]. At this point, this relaxation issue becomes not only 4DL/1UL CA specific issues but also 5DL CA issues. In order to facilitate discussion in 5DL CA WI, this contribution shares the impact of the relaxation of measurement cycle on the network operation in the following manner. First we consider possible deployment scenario for CA. Next, we analyse necessity of measurement on each CC. Finally, we analyse the impact of the relaxation on network operation.
2. Discussion

2.1. Possible deployment scenarios for CA
Deployment scenarios for CA are roughly classified as co-located scenario and non-co-located scenario. In co-located scenario, transmission antennas for all cells for CA are deployed at the common small area. CA scenario #1, #2, and #3 illustrated in annex J of TS36.300 are potential deployment scenarios for co-located scenario. In addition to them, a deployment scenario illustrated in Figure 1 is also another potential deployment scenario, where the number of sectors on a frequency band is different from that on other frequency bands. In non-co-located scenario, transmission antennas for each cell for CA are deployed at different areas. CA scenario #4 is a potential deployment scenario for non-co-located scenario. In general, SCell in this scenario would be a small cell. Size of a small cell depends on neighbor cells whose frequency is the same as that of the small cell. In general, size of a small cell would be dozens of meters. If there are no neighbor cells with the same frequency as that of the small cell, the area where UE can camp on the small cell could be several hundred meters thanks to no interference on that cell.
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Figure 1: potential scenario where the number of sectors on a frequency band is different from that on other frequency bands.
Considering CA with multiple CCs, some cells would be co-located each other but the other cells would not be co-located with any other cells. In addition, in real commercial network, a transmission antenna for a cell cannot always co-locate with another transmission antennas for other cells even if all cells are deployed at the common limited area as illustrated in Figure 1 of [6]. This is because where the transmission antennas are deployed depends on a lot of factors, e.g. installation conditions such as space and cost.
2.2. Necessity of measurement on each CC
For UE in CA operation, mobility procedures, e.g. HO, RLM, and so on, depend on measurement results of PCell. In other words, measurement results of SCell are not used for the mobility procedure. On the other hand, the measurement results of SCell are used for SCell management procedure, e.g. SCell change, SCell release, and so on. Since RAN4#75, RAN4 has discussed whether or not measurement results of a cell can be used for another cell management. Here we further analyze this aspect and observed that there are possible factors to cause different measurement results. These possible factors are summarized in Table 1 and Table 2 as below. 
Observation 1: There are possible factors to cause different measurement results between CCs on configured cells.

Table 1: Possible factors which cause different measurement results between inter band CCs
	
	On RSRP measurements
	On RSRQ measurements

	co-located cells
	Measurement results
	Not always the same
	Not always the same

	
	Reasons
	· Followings depend on frequency band.
· Receiving sensitivity of antenna

· Propagation loss
	· Impact of followings on RSSI depends on frequency band.
· Neighbor cells

· Data traffic

· number of sector

	non-co-located cells
	Measurement results
	Not always the same
	Not always the same

	
	Reasons
	· In addition to the above, propagation loss depends on distance between UE and cell.
	· Same as above.


Table 2: Possible factors which cause different measurement results between intra band CCs
	
	
	On RSRP measurements
	On RSRQ measurements

	co-located cells
	Measurement results
	Always the same
	Not always the same

	
	Reasons
	-
	· Impact of interference from another operator’s cells on RSSI depends on whether or not frequency of a cell is contiguous that of another operator’s cell.

	non-co-located cells
	Not assumed


Table 1 and 2 show analysis of inter band CA and intra band CA, respectively. Regarding the inter band CA, we can see from table 1 that measurement results of RSRP and RSRQ on a cell are not always the same with those on another inter band cell regardless of whether co-located or non-co-located. Here we would like to point out that even if co-located scenario, measurement result of RSRP on a cell is not always same as that on another cell. One of the reasons is the fact that the receiving sensitivity of antenna of UE depends on the frequency band. For example, Table 3 shows experimental evaluation results of TRS test. We used some commercial UEs which support several frequency bands. The values summarized in Table 3 shows the difference between the result of band A and that of other band. RSRP for each cell is subject to the difference of propagation loss in addition to the difference of TRS. Thus, the maximum difference of RSRP would become even larger compared that coming from the difference of TRS only.
	Table 3: Experimental evaluation results of TRS test (difference value from band A [dB])

　
	Band A
	Band B
	Band C
	Band D
	Band E

	UE A
	Reference
	1.7
	1.4
	0.7
	-0.2

	UE B
	
	-2
	-2.7
	0.4
	-2.4

	UE C
	
	1.4
	Not supported
	0.5
	-3.3

	UE D
	
	-3.3
	Not supported
	0.8
	Not supported

	UE E
	
	-4.3
	-3
	Not supported
	Not supported

	UE D
	
	0
	1.5
	Not supported
	Not supported



Observation 2: RSRP and RSRQ on a cell are not always the same with those on another inter band cell regardless of whether co-located or non-co-located.

Regarding the intra band CA, table 2 shows that measurement result of RSRP on a cell is the same with that on another intra band cell. On the other hand, we can see from table 2 that measurement results of RSRQ on a cell are not always the same with that on another intra band cell even if co-located. This is because an adjacent cell of a certain cell may be spectrum for another operator and this operators’ eNB may not be completely co-located with the cell so that the cell may suffer interference from this adjacent operators’ cell. Then RSRQ on the cell may be lower than that on another intra band cell. 
Observation 3: RSRQ on a cell are not always the same with those on another intra band cell even if co-located.

2.3. Impact of relaxation of measurement cycle
CA is one of the most effective features which can achieve high throughput. If UE supports CA with multiple CCs such as 5CCs and supports high UE category such as DL UE category 15, it is essential to keep using as many activated CCs as possible from the view point of throughput as far as the cell quality is better than a certain threshold. In order to achieve this purpose, once SCells are configured, proper SCell change procedure becomes important. 

If UE follows the current requirements for measurement on SCC, i.e. measurement requirements for activated SCell, measurement results of the SCC can be reported immediately after entering a neighbour cell on the SCC as summarised in Table 4. Even if the UE moves at 30km/h that is middle speed, it would be possible for NW to properly change SCell. 

On the other hand, if UE follows the requirements for the deactivated SCell measurement on SCC, the measurement reports of the SCC are delayed. The impact of delay depends on measCycleSCell and it is approximately up to 30 times longer than that of the current requirements. This additional delay would have large impact on SCell management under small cell deployment scenarios. For example, when the UE moves at 10km/h, the UE would not report the measurement results before going through a candidate cell if large measCycleSCell such as 1024 or 1280 is configured. When the UE moves at 30km/h, the UE would not report it before going through a candidate cell, even if middle measCycleSCell such as 512 or 640 is configured.
Observation 4: UE may not report the measurement results before going through a candidate cell due to the relaxation. 
Table 4: Relation between the measurement cycle and distance
	Measurement requirement
	measCycleSCell [ms]
	cell identification plus measurement delay [ms]
	Distance before reporting[m]

	
	
	
	3km/h
	10km/h
	30km/h

	Activated SCell
	-
	1000
	0.83
	2.78
	5.56

	deactivated SCell 
	160
	4000
	3.33
	11.11
	22.22

	
	256
	6400
	5.33
	17.78
	35.56

	
	320
	8000
	6.67
	22.22
	44.44

	
	512
	12800
	10.67
	35.56
	71.11

	
	640
	16000
	13.33
	44.44
	88.89

	
	1024
	25600
	21.33
	71.11
	142.22

	
	1280
	32000
	26.67
	88.89
	177.78


This means that even if the UE supports CA with multiple CCs and an operator deploys many cells for CA, many CCs are not always used effectively due to the relaxed measurement cycle. Of course, short measCycleSCell could reduce the impact on the delay of measurement report. It, however, also requests frequent measurement on SCC with the deactivated SCell and would increase power consumption due to the deactivated SCell measurement.

Observation 5: Even if the UE supports CA with multiple CCs and an operator deploys many cells for CA, many CCs are not always used effectively due to the relaxed measurement cycle.

Power consumption is also one of the important aspects for operators. UE, however, consumes their battery due to not only measurement of intra-frequency cells but also displaying their screen, controlling their application, and so on. If power consumption is not dominant factor, the gain of this relaxation of measurement cycle would be limited. Even if this relaxation is not introduced, if an operator would like to give priority to the battery saving, the operator can choose to deactivate some SCells or not to configure some SCells. Then power consumption can be reduced. Based on the above analysis, we propose that current measurement requirements for the activated SCell should be kept for up to 5CC CA.
Proposal: Measurement requirements defined for the measurements on cells of SCC with activated SCell are applied to all the SCCs with activated SCells up to 5DL CC CA.
3. Conclusion
This contribution shared the impact of the relaxation of measurement cycle on the network operation in the following manner. First we considered possible deployment scenario for CA. Next, we analysed necessity of measurement on each CC. Finally, we analysed the impact of the relaxation on network operation. Our observations and proposal are as below;

Observation 1: There are possible factors to cause different measurement results between CCs on configured cells.

Observation 2: RSRP and RSRQ on a cell are not always the same with those on another inter band cell regardless of whether co-located or non-co-located.

Observation 3: RSRQ on a cell are not always the same with those on another intra band cell even if co-located.

Observation 4: UE may not report the measurement results before going through a candidate cell due to the relaxation. 

Observation 5: Even if the UE supports CA with multiple CCs and an operator deploys many cells for CA, many CCs are not always used effectively due to the relaxed measurement cycle.

Proposal: Measurement requirements defined for the measurements on cells of SCC with activated SCell are applied to all the SCCs with activated SCells up to 5DL CC CA.
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