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Discussion and decision
1.  Introduction
In [1] a new event trigger, namely A7, was proposed as follows:

· Event A7 (Scell < Pcell + offset)
This could be used to trigger Scell removal, when it became relatively poor in quality compared to the Pcell. However, this was not agreed in RAN2 #70, since other means such as A2-SCC, A3 with reportOnLeave, or CQI were felt sufficient for the use case.
This paper describes why the new event A7 is thought to be necessary.
2. Discussion
In [1] a new Event A7 was proposed, which is triggered when an Scell becomes offset worse than the Pcell. This event is useful to remove unnecessary Scells, as shown in Fig.1.
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Fig.1  SCC addition and removal by use of Event A3 and A7.
When this proposal was discussed in RAN2 #70, comments were received that existing tools, i.e., A2-SCC, A3 with reportOnLeave option, or CQI, are sufficient for the use case. However, we think these are not appropriate and Event A7 is needed for the following reasons:

· Why A2-SCC is not sufficient:
Simulation results of [2, 3] have shown that CA is more effective, when CCs having comparable quality are aggregated. Hence, CC management based on relative quality to the Pcell is important. The specifications should hence support sufficient tools to allow such type of CC management.
As Event A2 is only based on a fixed threshold, A2 is not enough for efficient CC management.

· Why A3 with reportOnLeave is not sufficient:
Event A3 with reportOnLeave option would only allow reporting of cells that have been reported earlier by the A3. To support the Scell removal use case, an A3-PCC needs to be configured against the SCC with the reportOnLeave option enabled. The A3-PCC would be used to add an Scell in the first place. However, the A3-PCC must be kept even after the Scell has been added, just for the “leave” option. However, this has some undesirable consequences.

An Scell is not always added by A3-PCC. For example, upon handover, the target eNB can configure an Scell immediately using the handover command, based on the information provided from the source eNB. Hence, if A3 with reportOnLeave is to be used, an A3 MR will always have to be reported after a handover.
The fact that VarMeasReport is reset upon handover also intensifies the problem, since the fact that A3-PCC is maintained will immediately cause an MR after handover, also on the Scells that were continued. If VarMeasReport is to be reset upon any Pcell or Scell change, the problem is even worse. That is, one A3 MR will be triggered for every Scell that is configured, after every Pcell or Scell change. Although the MR overhead imposed on the PUSCH might be negligible, such MRs will disrupt the eNB CPU. In general mechanisms that create unnecessary C-plane traffic upon handover should be avoided as much as possible, since that will create burst of C-plane traffic in “train crossing border” scenarios.

Moreover, if A3-PCC is kept even after Scell addition, the eNB will have to handle unnecessary subsequent MRs triggered by other cells on the same CC. For example, A3-PCC may be triggered by neighbour cells that cannot be aggregated due to coming from a different eNB. Such MRs will be reported just to be ignored by the eNB, while still disrupting the eNB CPU.
If A7 is supported, such problems are alleviated. This is since the A3-PCC configured against an NCC, used to trigger Scell addition, can be removed upon Scell addition. In replacement, A7 can be configured against the Scell. With A7, only one MR is reported, that is used to trigger Scell removal. (Simulation results in the Annex show these principles in detail.)

· Why CQI is not sufficient:
CQI is typically only reported when data transmission is actively ongoing. When the UE enters DRX or deactivation is applied, CQI will not be available. Hence, the eNB will first have to activate the Scell just to get CQIs reported. Then, the CQI needs to be filtered and compared with that of Pcell internally in the eNB. This will take some time to get reliable outcome, and all this time, the CQI resources are wasted. Such processing may also cause considerable impact to the eNB implementation.

Moreover, CQI and RRM measurements have different properties and accuracy. CQI is an SIR-based metric, whereas RRM measurements are based on RSRP or RSRQ. Hence, if A3 (RSRP) is used for Scell addition and CQI is used for Scell removal, ping-pong between addition and removal may occur.
In our view Scell addition/ removal is an essential part of RRM, and should be handled by RRC from protocol architecture point of view. Use of CQI or other L1/ L2 features is not prohibited, but sufficient means should be available in the RRC.
For the above reasons, Event A7 is deemed necessary.
Proposal
A new Event A7 (Scell < Pcell + offset) should be defined, where “Scell” corresponds to the serving cell on the linked measObject. A7 can only be linked to an SCC.

3. Conclusions
To assist efficient CA operation, the following new event trigger is proposed:

Proposal
A new Event A7 (Scell < Pcell + offset) should be defined, where “Scell” corresponds to the serving cell on the linked measObject. A7 can only be linked to an SCC.
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Annex
System level simulations were performed to evaluate how the number of measurement reports and reconfigurations are impacted by the use of “A3 with reportOnLeave” or “A7”. The following MR triggers are considered:
#1
Intra-freq A3, triggered when “Ncell > Pcell + 3 dB”, for intra-freq Pcell change/ handover

#2
Inter-freq A3, triggered when “Ncell > Pcell + 3 dB”, for inter-freq Pcell change/ handover

#3
A6, triggered when “Ncell > Scell + 3 dB”, for intra-freq and intra-eNB Scell change; MRs triggered for inter-eNB cells are ignored by the eNB

#4
Inter-freq A3, triggered when “Ncell > Pcell – 3 dB”, for Scell addition; MRs triggered for inter-eNB cells are ignored by the eNB

#5
Inter-freq A3 (reportOnLeave of #4), triggered when “Cell in cellsTriggeredList < Pcell – 6 dB”, for Scell removal

#6
A7, triggered when “Scell < Pcell – 6 dB”, for Scell removal

The following two cases are compared:
Case 1:  Scell removal is based on #6 (A7)
· Initially (when no Scells are configured) only #1/ #2/ #4 are configured.

· Pcell change/ handover is performed based on #1/ #2.

· Scell is added if an intra-eNB cell is reported by #4. MeasConfig removes #4 and adds #3/ #6.
· Scell change takes place, if an intra-eNB cell is reported by #3.

· Scell is removed upon #6. MeasConfig removes #3/ #6 and adds #4.

Case 2:  Scell removal is based on #5 (A3 with reportOnLeave)
· Initially (when no Scells are configured) only #1/ #2/ #4 are configured.

· Pcell change/ handover is performed based on #1/ #2.

· Scell is added if an intra-eNB cell is reported by #4. MeasConfig adds #3.

· Scell change takes place, if an intra-eNB cell is reported by #3.

· Scell is removed upon #5. MeasConfig removes #3.
In both cases upon Pcell change/ handover, it is assumed that VarMeasResults (including cellsTriggeredList) are reset. Hence, MRs may be reported just after a Pcell change/ handover for e.g., trigger #4 for already configured Scells and trigger #3/ #4 for inter-eNB cells that were ignored by the eNB.

Simulation parameters are summarized in Table 1.

Table 1  Simulation parameters.
	Deployment scenario
	Scenario #1/ #3 [4]

	ISD
	500 m

	Antenna tilting
	15 deg

	UE velocity
	50 km/h

	Load
	1.0 (full load)

	TTT
	400 ms (common to all events)

	L3 filter coefficient
	4

	Transmission of RRC messages
	MR: 2 RBs, R = 0.47

HO command: 7 RBs, R = 0.29

	Simulation time
	1,000 s * 100 UE


Simulation results are shown in Fig.1, 2, 3 and 4.
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(a) Scenario #1                                   (b) Scenario #3
Fig.1  Frequency of transmitted MRs [1/s].
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(a) Scenario #1                                   (b) Scenario #3

Fig.2  Frequency of reconfigurations [1/s].
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(a) Scenario #1                                   (b) Scenario #3

Fig.3  CA duration ratio [percent].
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(a) Scenario #1                                   (b) Scenario #3

Fig.4  Estimated user throughput (for comparison purpose only) [Mb/s].

From Fig.1, we can see that the “A3 with reportOnLeave” approach creates significantly larger amount of MRs (i.e., four times than when “A7” is used instead, in case of Scenario #1).
In case of Scenario #3, the use of “A3 with reportOnLeave” resulted in less frequent reconfigurations. This is because in some cases, unnecessary Scells could not be removed due to missing triggers. That is, upon intra-eNB Pcell change (i.e., swapping of Pcell and Scell), the new Pcell is 3 dB better than the previous Pcell (new Scell). Then, for this new Scell, no A3 (trigger #4) is reported, since the Scell is already -3 dB lower than the Pcell. Hence, the Scell loses a trigger (trigger #5) for removal. Although use of a lower threshold for removal (trigger #5) can be considered, this will restrict threshold settings for CA. Hence, the “A3 with reportOnLeave” approach has limitations for CA management.
To add, in the above case (Scenario #3 with use of “A3 with reportOnLeave”), since unnecessary Scells could not be removed, the CA duration ratio is larger (Fig.3(b)). This resulted in lower estimated user throughput (Fig.4(b)), since the UE will contend for resources on the Scell, even though the Scell may be poor in quality.

Therefore, if “A7” is not supported and “A3 with reportOnLeave” needs to be used instead, the following problems are foreseen:

· The number of unnecessary MRs is considerably increased.

· Desirable Scell removal triggers (MRs) cannot always be obtained depending on threshold settings (implies limitation for CA management).

If “A7” is supported, these problems are alleviated.
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