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Discussion and decision
1. Introduction
In RAN2#70bis, no conclusion was reached on whether UE reporting of an additional “snapshot” measurements is necessary. The intention of the additional snapshot measurement is to provide the serving eNB with information about radio condition of carriers that do not correspond to the measurement object. A few potential alternatives for this additional snapshot measurement were mentioned during the discussion.

In this document we discuss options that are intended for providing measurements from multiple carriers to the serving eNB at the time of handover trigger.
2. Discussion
2.1. Option 1:
Based on event A6
It was mentioned that a conservative offset setting of event A6 (formerly known as A3-SCC) can be used by the eNB to obtain measurements from SCCs prior to handover event. We understood this corresponds to a set of event configurations in which the eNB try to make sure that event A6 for SCC(s) is met before a handover-triggering measurement event (e.g. A3-PCC) is reported by the UE.

The following figure 1-a shows an example  in which event A3 is used for handover trigger with event offset A. The eNB also configures an event A6 with the offset B that is intended to be “conservative” with respect to the aforementioned event A3. Obviously the eNB would want to obtain a fresh measurement result so that the obtained information can assist the handover. Therefore the eNB has a target time window within which it would like to receive measurement results for SCC(s). This window is indicated by T_advance. The figure 1-a therefore shows an ideal case where the event A6 is triggered exactly at T_advance before the event A3 is triggered.
This configuration only works when the coverage difference between PCC and SCC(s) is known to the eNB and is relatively uniform regardless of UEs’ mobility (e.g. CA scenario 1 in [1]). There are however other deployments where this is not the case (e.g. CA scenario 3 in [1]). In those deployments, having a single offset, offset B, will result in too early or too late measurement report with respect to the window determined by T_advance. 
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Figure 1-a:  Conservative offset configuration for SCC

Figure 1-b:  Too early reporting for SCC Figure 1-c:  Too late reporting for SCC


We do not think it is an easy task for an operator to figure out the correct offset values of the event A6 for the purpose of assisting multicarrier handover. Having multiple event A3 instance for a single SCC could be seen as a solution, however we do not think it is desirable from the view point of signalling overhead.
Observation 1:
Relying on a “conservative event configurations” is not a viable solution
2.2. Option 2:
Configuring periodical reporting for SCCs
Another possible solution is to rely on periodical reporting for SCCs. Considering signalling overhead, a sensible solution here would be to configure periodical reporting only when necessary.
An additional event A3, configured for PCC with “Offset X”, shown in the figure-2 below, can be used as an indication that handover is imminent. When the eNB has received a reporting associated with this event, it configures periodical measurement for SCCs. It should be noted that the existing “periodical reporting after event trigger” (configured by reportAmount and reportInterval) cannot be used for this purpose since it only reports measurement results from the measurement object.
One issue to consider is the setting of the offset X. There is uncertainty about the number of measurement reports that the eNB can obtain  because of the following factors.

· Time until the very first measurement report gets sent

· Report interval
· UE speed

The optimal setting of offset X scales with how fast the radio condition changes. A setting accounts for very high speed results in too many reporting on average. Also the UE can be stationary at a location very close to a handover region. In such a scenario the event triggered with the offset X can be totally a false alarm and the UE is asked to perform periodical reporting potentially for a long time. Also there can be multiple events intended as a handover trigger. In that case each event needs to have a corresponding event with the offset X and associated periodical reporting.
Therefore this option has the same issue as the option 1. That is, requiring cumbersome operational effort to fine tune event setting by the operator. One could argue however that this option may be slightly easier to manage since the offset is applied again the same object (i.e. PCC) as the one for the event triggering the handover.
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Figure 2:

Trade-off between making sure reporting and reducing overhead
Observation 2:
Configuring periodical measurement can lead to significantly increased measurement reports
2.3. Option 3:
Additional measurement snapshot reporting
Snapshot measurement reporting requires changes in Measurement Report so that the UE can send a list of cells on multiple frequencies. From the view point of overall system overhead, this solution will result in less overhead than other options discussed in the previous section because of less number of Measurement Reports to be transmitted over the air.

While this option directly increases the size of Measurement Report, we should also consider the fact that also the option 2 and 3 increase the SRB load when a handover is about to happen. Effectively the option 1 and 2 are equivalent to increasing the size of Measurement Report and can delay the delivery of the final Measurement Report triggering the handover.
We tried to produce a pseudo ASN.1 code representing the “snapshot”. We have assumed reporting of the best cell per component carrier. It should be noted that for the field dl-CarrierFreq, we used the measurement object identity, in order to reduce the overhead incurred.
	measResultListSCell
::=
SEQUENCE (SIZE (1..maxSCCs)) OF MeasResultSCell 

MeasResultSCell
::=
SEQUENCE {

PhysCellId

PhysCellId,

               -- 9 bits

dl-CarrierFreq
MeasObjectId,
               -- 5 bits

rsrpResult

RSRP-Range,

          -- 7 bits

rsrqResult

RSRQ-Range

          -- 6 bits


}

maxSCCs =
INTEGER ::= 8
                               -- 3 bits


The additional overhead that is needed for the snapshot reporting is, (3 + n*27) bits, where n is number of candidate SCells. For the typical aggregation setting of 2 or 3 component carriers, the additional overhead is 30bits or 57 bits.

Significance of those numbers can be considered with respect to a typical size of today’s measurement report. Here we note that in [2] RAN2 recommended Measurement Report size of 128 bits for mobility enhancement study in release-9. This gives us 23% and 44% increase for 2 carrier and 3 carrier cases respectively.

We also consider that CA handover is not always limited by coverage. In a deployment scenario where different carrier is assigned to PCC of each eNB, we can expect increased overlapping coverage from the view point of PCCs. So the handover can happen when the UL radio condition is still good enough.
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Figure-1: Increased PCC overlap in CA setting
2.4. Summary

In summary, we do not think the “work-around” solutions relying on existing mechanisms (i.e. option 1 and 2) are sufficient solutions for proving multicarrier measurements to the serving eNB at the time of handover. The option 3 is a straightforward solution to the issue with small changes to the specifications.

Proposal 1:
Support a reporting of “snapshot” multicarrier measurement results

It would not be desirable always having to include those measurements in Measurement Report message. A simple on./off control by the network can be introduced so that the network can choose not to receive the snapshot measurement results for multiple carriers.

Proposal 2:
Support a network control for the inclusion of the “snapshot” in UE measurement reports
How many cells per carrier the specification shall allow the UE  to report (e.g. only best cell per carrier or multiple cells) is FFS. 
3. Conclusion
In this document we have discussed three options for providing measurement results from multi-carriers. We concluded that support for an additional measurement is necessary to assist multicarrier handover.
Proposal 1:
Support a reporting of “snapshot” multicarrier measurement results

Proposal 2:
Support a network control for the inclusion of the “snapshot” in UE measurement reports
How many cells per carrier the specification shall allow the UE  to report (e.g. only best cell per carrier or multiple cells) is FFS.
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