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1.  Introduction
At RAN2 #69bis, inter-eNB handover was discussed, with particular focus on whether the source or the target eNB decides the Pcell and Scell(s) to be used after the handover. In [1] it was proposed that the source eNB decides the Pcell, and to assist the target eNB in deciding which Scell(s) to configure, the source eNB provides measurement results of the candidate Scell per CC to the target eNB. This paper looks further into this issue, and proposes some enhancements necessary to support efficient CA operation.
2. Discussion
2.1
Who should perform Pcell and Scell selection
In order to decide the Pcell and Scell(s), the network should be able to take the followings into account:
· Radio conditions (RRM measurements reported by the UE)
· Cell loading at the target eNB
To do so two approaches can be considered:
Approach 1
The source eNB makes the decision – This requires that the source eNB is made aware of the cell loading at each cell under target eNB control. This may be possible through the use of MLB feature, but ensuring up to date information to be available at the source may require frequent exchange of information.

Approach 2
The target eNB makes the decision – This requires that the target eNB to be made aware of the radio conditions for each CC, necessitating a mechanism to forward the relevant RRM measurement results from the source eNB.
To determine which approach is more suitable, it would be worthwhile looking at the Pcell and Scell selection aspects separately.

Regarding Pcell selection

The chosen scheme needs to be backwards compatible, i.e., to allow handovers towards legacy eNBs. In X2-AP and S1-AP, the target cell id needs to be mandatory present in the HO Request/ Required messages. In this respect, the target Pcell always needs to be selected by the source eNB. However, this does not imply that the second approach is not feasible. If the second approach is applied to Pcell selection, the selection by the target eNB can simply override the selection by the source. This should not be a problem, since from X2/ S1 perspective, no restriction seems to be present even today, if the target eNB selects a cell different from the one indicated by the source eNB, as long as the message routing is unchanged.

The second approach was previously discussed during initial stages of Rel-8 standardisation. At that time the approach was rejected, probably because the focus was more about selecting the target cell within a single frequency. In a single frequency case, the radio condition is the dominant factor. Hence, target selection by the source was sufficient. The “vertical” selection aspect was not so realistic, since a Rel-8 UE typically requires measurement gaps in order to perform inter-frequency measurements, i.e., presenting inter-frequency measurement results to the target was more difficult.

A difference in Rel-10 with CA is that, a UE should be measuring on multiple CCs by default during CA. Then, the “vertical” selection aspect would be more realistic. For “vertical” selection, aspects other than radio condition, e.g., load balancing, can be important. For example, the Pcell needs to handle PUCCH and PRACH (except for the PDCCH order case, which is FFS) and loading on these channels is only known by the target eNB. Hence, it would be desirable for the target eNB to be able to select the Pcell. Although this will most likely require multiple KeNB* forwarding, this is already possible in Rel-8/9. Forwarding of RRM measurement results does not seem to be a limiting factor.

Regarding Scell selection

As also described in [1], the configuration to be used after the handover is always created by the target eNB in Rel-8/9. As Scell(s) can also be seen as part of UE configuration, following the Rel-8/9 principle, the second approach seems to be more natural. If the Scell(s) are to be selected by the source eNB and the target eNB needs to obey, the target eNB will have to reject the handover request if any of the selected Scells are not acceptable. Consequently, handover success rate will be impacted. Moreover, adopting the first approach for Scell selection, while adopting the second approach for Pcell, would be very strange and inconsistent.
Therefore in summary, the followings are proposed:

Proposal 1
The source eNB always selects the target Pcell and indicates this in the relevant X2/ S1 messages, to ensure backwards compatibility.
Proposal 2
The target eNB should be able to override the Pcell selection, based on its own policies.

Proposal 3
The target eNB should be able to select the Scell(s) to be configured, based on its own policies.
Proposal 4
The selection result should be conveyed to the UE by the handover command, which is transparent to the source eNB, conforming to the Rel-8/9 principles.
Proposal 5
In order to assist the Pcell/ Scell selection by the target eNB, the source eNB should provide RRM measurement results to the target eNB.

2.2
RRM measurement forwarding

With the proposed approach in section 2.1, the RRM measurement results need to be forwarded to the target eNB. In [1], forwarding of the measurement results was proposed only for the target cell on each CC. However, some further considerations seem to be necessary.

For example, consider the scenario shown in Fig.1, which is based on the Scenario 3 captured in TS 36.300 Annex. In Fig.1, a UE who is connected to eNB-A via cells A11 (Pcell) and A21 (Scell) is being handed over to eNB-B. The best cell on the current PCC is B13 and on the SCC, the best cell from eNB-B is B23. Hence, after the handover, B13 can be the Pcell and B23 can be the Scell.
However, if C22 from eNB-C is stronger than B23, adding B23 may not be desirable from interference perspective. Hence, eNB-B should be made aware of such interferers also, even for cells outside of its own control.
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Fig.1  Inter-eNB handover scenario.
From this case study, it is evident that measurement forwarding for multiple cells is desirable per CC. Forwarding of up to best N cells for each CC should be supported.
How to create such information can be left entirely to the source eNB implementation, e.g., the eNB can accumulate past measurement reports from the UE. However, to be able to forward accurate information, it is desirable if the latest measurement results could be obtained for each CC from the UE, upon receiving a measurement report used to trigger handover. Such information can also be used by the source eNB to make the decision whether to perform inter-eNB handover. Although unnecessary overhead should be avoided in time critical messages like a measurement report, in case of CA, some increase in the message size should be tolerable.
Proposal 6
Forwarding of RRM measurement results for up to best N cells for each CC should be possible.

Proposal 7
It should be possible to configure a UE in CA to report measurement results of CCs other than the CC that triggered the measurement report.
3. Conclusions
Therefore in summary, the followings are proposed:

Proposal 1
The source eNB always selects the target Pcell and indicates this in the relevant X2/ S1 messages, to ensure backwards compatibility.

Proposal 2
The target eNB should be able to override the Pcell selection, based on its own policies.

Proposal 3
The target eNB should be able to select the Scell(s) to be configured, based on its own policies.

Proposal 4
The selection result should be conveyed to the UE by the handover command, which is transparent to the source eNB, conforming to the Rel-8/9 principles.

Proposal 5
In order to assist the Pcell/ Scell selection by the target eNB, the source eNB should provide RRM measurement results to the target eNB.

Proposal 6
Forwarding of RRM measurement results for up to best N cells for each CC should be possible.

Proposal 7
It should be possible to configure a UE in CA to report measurement results of CCs other than the CC that triggered the measurement report.
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