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1. Introduction
Carrier aggregation were specified in 3GPP as a key feature for E-UTRA to enhance the throughput of both network and UE. However, CA UE still follow the same legacy mobility procedure as single carrier UE, which may cause interruption/delay to all the component carriers and may result into a big throughput loss during handover. It’s desirable to improve the mobility procedure for CA UEs to maintain the high date rate traffic during handover procedure and the study item of enhanced carrier aggregation mobility is therefore proposed for this purpose.
In this contributions, we compare the legacy CA mobility with expected enhanced CA mobility to disclose the throughput gain from the enhancement.
2. Scope of SI
2.1. 
Legacy mobility for CA

· Scenario 1: 
In the figure 1, UE is working in carrier aggregation status of Cell1 (PCell) + Cell3 (SCell), where the connection on Cell1 is almost used for signaling, e.g. scheduling, feedback, and etc. and connection on Cell3 is almost used for load distribution, e.g. to support high data rate traffic. If UE is moving from Cell1 area to Cell2 area and HO event is triggered because of low RSRP/RSRQ of Cell1, eNB will send HO command (RRC reconfiguration) to UE and then UE will disconnected from cell 1 and cell 3. The all data traffic will be stopped until UE access to new cell(Cell2). However, even UE successfully accessed Cell2 it still needs to wait for SCell configuration and activation for supporting high data rate traffic. 
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Figure 1. Legacy CA UE handover
The HO delay and Scell activation requirement is in TS36.133, which could be 130ms and 34ms in the worst case, so the data loss duration could be up to 164ms given Cell2 configured SCell as soon as possible. It’s obvious that the high data rate cannot be maintained during the legacy HO procedure for CA UE.
· Scenario 2: 
In the figure 2, UE is working in carrier aggregation status of Cell1 (PCell) + Cell2 (SCell) + Cell3 (SCell) to support high data rate traffic. If UE is moving from Cell1 area to Cell4 area and HO event is triggered because of low RSRP/RSRQ of Cell1, eNB will send HO command (RRC reconfiguration) to UE and then UE will disconnected from Cell 1, Cell2 and Cell 3. The all data traffic will be stopped until UE access to new cell(Cell4). However, even UE successfully accessed Cell4 it still needs to wait for SCell configuration and activation to use Cell5 and Cell 6 for supporting high data rate traffic. It seems like the data rate during HO is shrunk from multiple connections (cell1,2,3 in source) to single connection (only cell 4 in target), and after HO UE still needs time to recover the data rate due to the CA configuration and activation delay.
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Figure 2. Legacy CA UE handover
The HO delay and Scell activation requirement is in TS36.133, which could be 130ms and 34ms in the worst case, so the data loss duration could be up to (3*130ms + 2*34ms) given Cell4 configured SCell(Cell5 and Cell6) as soon as possible(3 is the component carrier amount including PCC, 2 is the amount of expected SCC). Like scenario 1, it’s also obvious that the high data rate cannot be maintained during the legacy HO procedure for CA UE.

2.2. Scope of the new SI of enhanced carrier aggregation mobility
As discussed in above sections, the big data loss is observed during HO for CA UE. In order to maintain the data rate during HO some enhancements are desirable in HO procedure and configuration. The enhanced mobility mechanism is proposed in this section.
· Enhancement for scenario 1: Pcell-only HO based on shared RRH in the overlap area
Compared with legacy HO procedure in scenario 1 in section 2.1, in figure 3,  if UE is moving from Cell1 area to Cell2 area and HO event is triggered because of low RSRP/RSRQ of Cell1, eNB will send HO command (RRC reconfiguration) to UE and then UE will disconnected from cell 1(source PCell) ONLY. The data on SCell(Cell3) will be maintained during the HO. After UE successfully accessed Cell2(target PCell), the UE can work in CA status of Cell2(PCell) + Cell3(SCell)   and activation for Cell3 is not needed during the HO.
In this enhancement, it’s assume that the RRH in the overlapped area between Cell1 and Cell2 can be shared by Cell1 and Cell2, and therefore the connection on Cell3 can always keep active during the PCell HO. Considering the make-before-break HO feature, UE can keep the PCell connection with both Cell1 and Cell2 during the HO, and the maximum HO interruption is only up to 5ms, that is, the possible data loss duration is up to 5ms. 
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Figure 3. Pcell-only HO
Since the data traffic on cell3 can be maintained, the data loss duration for enhanced mobility in scenario 1 is 5ms, which is much less than the legacy HO procedure for CA UE.
· Enhancement for scenario 2: Multiple connections/carrier based HO

In figure 4, if UE is moving from Cell1 area to Cell4 area and HO event is triggered because of low RSRP/RSRQ of Cell1, eNB will send HO command (RRC reconfiguration) to UE and then UE will disconnected from Cell 1, Cell2 and Cell3. Different from legacy HO procedure in scenario 2 in section 2.1, UE will activate Cell4, Cell5 and Cell6 simultaneously during HO, that is, UE access Cell4, Cell5 and Cell6 simultaneously. In this case, UE will work in CA status of Cell4(PCell) + Cell5(SCell) + Cell6(SCell) immediately after HO, in which additional configuration and activation is not needed after HO. That means UE can recover the CA status immediately after HO which is helpful to the high data rate maintenance. 
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Figure 4. Multiple connections/carrier based HO
The data loss duration for enhanced mobility in scenario 2 is (3*130)ms, which is 14.8% throughput improvement over the legacy HO procedure for CA UE. If make-before-break HO feature is configured, the data loss duration for enhanced mobility in scenario 2 will be (3*5ms) due to the 5ms MBB HO interruption.
2.3. Justification for enhanced carrier aggregation mobility
The summary of benefit from enhanced CA mobility is shown as below,
Table 1. Benefit from enhanced CA mobility

	Benefits from this enhancement(with MBB)

	Enhanced CA mobility
	Interruption or data loss duration(ms)

	
	Enh. Case
	R14 legacy case

	Enh. Scenario 1
	5ms*Nscell
	164 ms*Nscell

	Enh. Scenario 2
	5ms*(1+Nscell)
	164ms*(Nscell) +130ms

	· 5ms is the HO interruption under make before break.

· 164ms is sum of HO delay(130ms) and Scell activation time(34ms) in the worst case

· Nscell is the amount of Scell

· (1+Nscell) is the amount of Scell and Pcell


3. Conclusions

In this contributions, we compare the legacy CA mobility with expected enhanced CA mobility to disclose the throughput gain from the enhancement. 
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