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1 Introduction

 Until current stage, the protocol aspect of dual connectivity solution would have been studied in perspective of when a UE adds/modifies/releases dual connectivity mode or a UE with dual connectivity changes the corresponding SeNB in a MeNB coverage [1]. Meanwhile, MCG HO procedure would not have been treated yet.
 In this paper, firstly, it will be discussed whether MCG HO on dual connectivity is allowed or not (MCG HO is only allowed on non-dual connecitivity, that means SCG should be released before MCG HO.). And then, assuming that MCG HO on dual connectivity is allowed, three possible MCG HO operation scenarios on dual connectivity will be introduced and issue points for each scenario will be analyzed in L2/L3 protocol point of view.
2 MCG HO on non-dual connectivity vs. dual connectivity

 In this section, MCG HO on dual connectivity and non-dual connectivity will be compared and the necessity of MCG HO on dual connectivity will be discussed.
1) MCG HO on non-dual connectivity (SCG release and then MCG HO):
When UE on dual connectivity moves to MCG HO region (the signal strength of source MeNB is lower than of taget MeNB), source MeNB should release SCG before performing MCG HO.

	Pros.
	Cons.

	- Legacy HO procedure could be reused. However, in order to reduce the impact of delayed HO command, some enhancement might be needed.
	- There would be delay on HO command by 20~120ms (2 × backhadul delay due to SCG release procedure) according to backhaul delay because SCG release between source MeNB and source SeNB should be completed before HO command is dilivered to UE by source MeNB (called as delayed HO command in this contribution).
- If UE with high or middle mobility is assumed, frequent HOs would cause more delayed HO commands.
- In order to reduce the impact of delayed HO command, current HO procedure might need to be enhanced.

- For shared small cell case, described as (iii) in Figure 1, the benefit of no HO interruption on RBs of SCG during MCG HO is not available. In this paper, the HO procedure will be called as HO with shared SCG.


2) MCG HO on dual connectivity:

When UE on dual connectivity moves to MCG HO region, source MeNB would perform MCG HO with enhanced handover procedure according to scenarios being introduced in section 3.
	Pros.
	Cons.

	- Enhanced HO procedure could alleviate delayed HO command.
- The benefit of HO with shared SCG could be obtained.
	- Enhanced HO procedure is required.


 Regarding whether to perform MCG HO on dual connectivity or not, delayed HO command should be discussed. HetNet WI simulation results could indirectly show the impact of delayed HO command, i.e. 20~120ms, is not negligible (refering to simulation results with relation to TTT and DRX, i.e. 5.5.1.1, 5.5.1.2, and 5.5.5 in [2].). Hence, even though MCG HO on dual connectivity is not allowed, some enhancement would be required in order to resolve delayed HO command. That is, regardless of whether to allow MCG HO on dual connectivity or not, some enhancement would be required in order to resolve delayed HO command.
Observation 1: Dual connectivity on SCE would require some enhancement of HO procedure in order to resolve delayed HO command regardless of the allowance of MCG HO on dual connectivity.

 Additionally, the benefit of HO with shared SCG would be very useful aspect on dual connectivity to enhance HO performance in viewpoint of user seamless service experience and reduction of signaling overhead to CN (esp. in condition that UP 1A is used for dual connectivity) [3].
Observation 2: The benefit of HO with shared SCG would be useful aspect on dual connectivity in viewpoint of user seamless service experience and reduction of signaling overhead to CN.

 Thus, it is prefered that MCG HO on dual connectivity is performed by enhanced HO procedure. It is expected for the enhancement to resolve delyaed HO command and achieve the benefit of HO with shared SCG.

Proposal 1: It is prefered that MCG HO on dual connectivity is performed by enhanced HO procedure.

3 MCG HO operation scenarios on dual connectivity
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Figure 1: Possible MCG HO operation scenarios on dual connectivity
 Above figure shows possible MCG HO operation scenarios on SCE. Each alternative means as followings;
(i) UE with dual connectivity handover to neighbor macro cell coverage without any neighbor small cell coverage:

Because the HO region is in only target macro cell coverage and not folded with any neighbor small cell coverage, UE with dual connectivity could not maintain dual connectivity after HO. Hence, RBs (Radio Bearers) served by the source SeNB and MeNB on dual connectivity would be combined, and then served only by one target MeNB. For combining RBs, some enhancement would be requied on HO procedure.
Observation 3: RBs served by the source SeNB and MeNB on dual connectivity would be combined, and then served by on target MeNB. In order to combine RBs, some enhancement would be required on HO procedure.

(ii) UE with dual connectivity handover to neighbor macro cell coverage with another small cell coverage:

There could be two HO procedures; a parallel one (simultaneous change of MeNB and SeNB), or a serial one (SeNB change after MeNB change is completed). 

Regarding a parallel approach, UE could maintain dual connectivity. When handover happens, UE would take dual eNB change and the mapping algorithm of RBs between source eNBs and target eNBs would be too complex. Further, the only benefit comparing to a serial approach is that only one RRCConnectionReconfiguration step would be saved. However, the conservation seems negligible time gap.

Regarding a serial approach, the HO procedure is the same as operation scenario (i) above in protocol perspective.
Hence, this operation scenario could be covered by operation scenario (i).

Observation 4: Parallelel HO procedure for this scenario is too complex and the gain seems negligible. If serial approach is applied, the operation scenario could be covered by operation scenario (i).
(iii) UE with dual connectivity handover to neighbor macro cell coverage with the same small cell coverage:
UE could maintain dual connectivity without change of SeNB. When handover happens, UE would change only MeNB while maintaining SeNB. This scenario seems to have already been treated as one of challenge issues in current version of TR36.842 [1].
If some enhancement is developed for this scenario, the benefit from no HO interruption on RBs of SCG during MCG HO could be obtained. Further, signaling overhead to CN could be reduced by no change of SeNB, esp. for UP 1A [3].

Meanwhile, in the same manner as (ii), if UE does not maintain dual connectivity, the HO procedure is the same as operation scenario (i).
Observation 5: The benefit of HO with shared SCG could be obtained in scenario (iii).

According to above observations, we propose as following;

Proposal 2: It is proposed that Scenario (i) and scenario (iii) is baseline for SCE WI.
4 Conclusion

<MCG HO on dual connectivity vs. non-dual connectivity>
Observation 1: Dual connectivity on SCE would require some enhancement of HO procedure in order to resolve delayed HO command regardless of the allowance of MCG HO on dual connectivity.
Observation 2: The benefit of HO with shared SCG would be useful aspect on dual connectivity in viewpoint of user seamless service experience and reduction of signaling overhead to CN.
<Scenario (i)>

Observation 3: RBs served by the source SeNB and MeNB on dual connectivity would be combined, and then served by on target MeNB. In order to combine RBs, some enhancement would be required on HO procedure.
<Scenario (ii)>
Observation 4: Parallelel HO procedure for this scenario is too complex and the gain seems negligible. If serial approach is applied, the operation scenario could be covered by operation scenario (i).
<Scenario (iii)>
Observation 5: The benefit of HO with shared SCG could be obtained in scenario (iii).
Proposal 1: It is prefered that MCG HO on dual connectivity is performed by enhanced HO procedure.
Proposal 2: It is proposed that Scenario (i) and scenario (iii) is baseline for SCE WI.
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