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1 Introduction

In RAN2#85bis, it has been discussed the need of the multi-carrier configuration during the handover to UTRAN ([1]). It was agreed to study the addition of multi-carrier configuration in handover to UTRAN command.
In this document, we provide our understandings on this enhancement. In addition, we also provide further considerations on improving inter-RAT handover.
2 Discussion
2.1 Which features could be considered for inter-RAT handover
For a PS inter-RAT handover, the data rates for the UE are different between UTRAN and E-UTRAN, so the multi-carrier feature could help the UE having a relatively high data rate. In this case, the user experience could keep consistent after inter-RAT handover.

There are many features in UMTS to achieve high data rate (shown in table 1).
Table 1: Features that could be considered for inter-RAT handover
	Downlink
	1
	DC-HSDPA on adjacent frequencies, non-contiguous frequencies, or in different bands

	
	2
	DC-HSDPA with MIMO on adjacent frequencies, non-contiguous frequencies, or in different bands

	
	3
	4C-HSDPA on adjacent frequencies, non-contiguous frequencies, or in different bands

	
	4
	8C-HSDPA

	
	5
	MIMO

	
	6
	MIMO mode with four transmit antennas

	
	7
	Multiflow

	Uplink
	8
	DC-HSUPA

	
	9
	UL CLTD & OLTD

	
	10
	UL MIMO


From our point of view, some features could be considered with higher priorities (the future of deployment), such as DC-HSDPA and DC-HSUPA, while the left features can be further discussed on the need.
Proposal 1: It is proposed to consider introducing the following features in HANDOVER to UTRAN command: DC-HSDPA, DC-HSDPA with MIMO, 4C-HSDPA, DC-HSUPA, MIMO and Multiflow.
Proposal 2: It is proposed to discuss the need of introducing the following features in HANDOVER to UTRAN command: 8C-HSPDA, MIMO mode with four transmit antennas, UL CLTD & OLTD and UL MIMO.
2.2 Transfer of UE capabilities during inter-RAT handover
Currently in the IE "INTER RAT HANDOVER INFO", the UE could send its capabilities through E-UTRAN to the target UTRAN.
So far there are four main IEs related to UE capabilities:
(1) UE radio access capability

(2) UE radio access capability extension

(3) UE radio access capability compressed

(4) UE radio access capability comp 2
After a review of the above IEs, we find that most of UE capabilities are available, however some are not available. In the IE "UE radio access capability", there are some UE capabilities which are marked with CV-not_iRAT_HoInfo, i.e. these IEs are not needed in the INTER RAT HANDOVER INFO message, and we list them in the following table.
10.3.3.42
UE radio access capability

	Information Element/Group name
	Need
	Multi
	Type and reference
	Semantics description
	Version

	Radio Access Capability Band Combination List
	CV-not_iRAT_HoInfo
	1 to 16
	
	The absence of this IE indicates that the UE does not support Dual Band Operation. 
	REL-9

	>Band Combination 
	MP
	
	Integer(1..256)
	The integer value n indicates that the nth DB-DC Configuration (A,B) in table 5.0AA in [21] is supported by the UE.
	REL-9

	[……]
	
	
	
	
	

	Support for dual cell with MIMO operation in different bands
	CV-not_iRAT_HoInfo
	
	Enumerated (TRUE)
	The absence of this IE indicates that the UE does not support dual cell with MIMO operation in different bands
	REL-10

	Multiflow capability
	CV-not_iRAT_HoInfo
	
	UE Multiflow capability 10.3.3.21ba
	
	REL-11

	Support of STTD on DL Control Channels when Multiflow operation is active
	CV-not_iRAT_HoInfo
	
	Enumerated (TRUE)
	The absence of this IE indicates that a Multiflow capable UE does not support STTD on DL Control Channels (HS-SCCH, F-DPCH, E-AGCH, E-HICH, E-RGCH, F-TPICH) when Multiflow operation is active. 
	REL-11


There is a need to remove this restriction if proposal 1 is agreed, otherwise, the network has no idea on UE capabilities so that part of configurations will not be considered in the UTRAN side.
Proposal 3: It is proposed to make it available for the following UE capabilities if included in the INTER RAT HANDOVER INFO message:

- "Radio Access Capability Band Combination List"
- "Support for dual cell with MIMO operation in different bands"
- "Multiflow capability"
- "Support of STTD on DL Control Channels when Multiflow operation is active"
2.3 Further considerations on inter-RAT handover
In addition to multi-carrier configuration in the inter-RAT handover, we would like to provide our opinions on enhancements on exchanging information between UTRAN and E-UTRAN.
2.3.1 Exchange of handover type information
For inter-RAT handover from E-UTRAN to UTRAN, it may be triggered by offloading reason or coverage reason. In figure 1, we show an example of coverage based handover in position A, and an example of offloading based handover in position B. Currently from the UTRAN point of view, it has no idea on the handover type, and thus it may lead to impacts on the network performance.
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Figure 1: coverage based handover and offloading based handover
For example, if the inter-RAT handover is triggered due to the bad coverage of an E-UTRAN cell (position A), the robustness is the key factor during the handover. If the UTRAN can know the handover type, it can decide to not include multi-carrier configuration in the handover message in order to make the message short.
If there is an offloading based handover (position B in figure 1), the network can decide to include multi-carrier configuration in the handover message, because in this case the coverage of E-UTRAN cells is good enough.
Proposal 4: It is proposed to discuss the need of indicating handover type in E-UTRAN during inter-RAT handover from E-UTRAN to UTRAN.
2.3.2 Exchange of cell measured results information
Currently for inter-RAT handover from E-UTRAN to UTRAN, the UE will measure and report cell measured results of UTRAN cells (maybe one or several), and then the E-UTRAN cell select one target UTRAN cell (based on implementations) and send it to the UTRAN network.
Here is an example in figure 2, if E-UTRAN cell 1 is located in the soft handover region between cell 2 and cell 3 (both are UTRAN cells), we think that it may lead to handover failures if the UTRAN network only knows cell 2 or cell 3 from E-UTRAN.
If the E-UTRAN cell could send cell measured results of both cell 2 and cell 3 to the target RAT, the UTRAN could decide to select a better cell (considering cell load, cell user numbers and other factors), or directly configure soft handover operation in order for better handover performance.
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Figure 2: one scenario of requiring cell measured results for more than one UTRAN cell (on the same frequency)
Another case is multi frequency deployments scenario and an example is shown in figure 3.
In this figure there are two UTRAN cells and they are on different frequencies. In the UTRAN network itself, operators may have strategies on distributing UEs on different frequencies, e.g. a UE will be firstly moved to cell 3 if it has a PS traffic with high bit rate (PS streaming). If the UTRAN can know the cell measured results of both cells from E-UTRAN, the legacy strategies can be naturally followed, otherwise it is not possible.
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Figure 3: another scenario of requiring cell measured results for more than one UTRAN cell (on multiple frequencies)
As a summary, the UTRAN network could optimize its configurations if there are cell measured results for more UTRAN cells during inter-RAT handover. So it is proposed:
Proposal 5: It is proposed to discuss the need of indicating cell measured results for more than one UTRAN cell during inter-RAT handover from E-UTRAN to UTRAN.

2.3.3 Exchange of data rate information

It is known that E-UTRAN network could provide higher data rate than UTRAN network generally, however, currently there is no way for the target RAT to get any data rate information (of the UE) from the source RAT. If an inter-RAT handover is triggered by offloading reason, it may lead to two issues due to lack of data rate information:
(1) Impacts on consistent user experience from E-UTRAN to UTRAN
Here is an example as shown in figure 4.
For UE-X, if the UE enjoyed high data rate in E-UTRAN, it will be good if such information can be also transferred to UTRAN. In this case, the UTRAN could decide to configure multi-carrier for the UE. Otherwise, single carrier may be configured and user experience is impacted.
For UE-Y, since the data rate is not so high, the UTRAN could decide to configure single carrier for the UE so that user experience is consistent between E-UTRAN and UTRAN.
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Figure 4: impacts on consistent user experience from E-UTRAN to UTRAN
(2) Inefficient handover from E-UTRAN to UTRAN
During handover from E-UTRAN to UTRAN, if the target UTRAN cell is highly loaded, user experience will be even worse in UTRAN compared to in E-UTRAN, so inefficient handovers occur. It is shown in figure 5.
From our point of view, the UTRAN could decide to reject this handover based on the data rate sent from E-UTRAN, and the UE will stay in E-UTRAN.
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Figure 5: inefficient handover from E-UTRAN to UTRAN
Based on the above analysis, we see the use cases to include data rate information (or something similar) so that the target RAT could make a wise decision.
Proposal 6: It is proposed to discuss the need to indicating UE’s data rate information in E-UTRAN during inter-RAT handover from E-UTRAN to UTRAN.
For proposal 4, 5 and 6, there may be impacts on S1 and Iu interface, so there is a need to send LS to RAN3 if the proposals are agreed in RAN2.
Proposal 7: If one of proposal 4, 5 and 6 is agreed, send LS to RAN3 conveying the requesting to work on the details of proposals.
Regarding proposal 4, 5 and 6, if there is an inter-RAT handover from UTRAN to E-UTRAN, it should also be considered because there are similar use cases, e.g. E-UTRAN can make a wise decision on configuration if it has more information from UTRAN side.
Proposal 8: It is proposed to discuss proposal 4, 5 and 6 in case of inter-RAT handover from UTRAN to E-UTRAN.
3 Conclusion

Proposal 1: It is proposed to consider introducing the following features in HANDOVER to UTRAN command: DC-HSDPA, DC-HSDPA with MIMO, 4C-HSDPA, DC-HSUPA, MIMO and Multiflow.

Proposal 2: It is proposed to discuss the need of introducing the following features in HANDOVER to UTRAN command: 8C-HSPDA, MIMO mode with four transmit antennas, UL CLTD & OLTD and UL MIMO.
Proposal 3: It is proposed to make it available for the following UE capabilities if included in the INTER RAT HANDOVER INFO message:

- "Radio Access Capability Band Combination List"
- "Support for dual cell with MIMO operation in different bands"
- "Multiflow capability"
- "Support of STTD on DL Control Channels when Multiflow operation is active"
Proposal 4: It is proposed to discuss the need of indicating handover type in E-UTRAN during inter-RAT handover from E-UTRAN to UTRAN.

Proposal 5: It is proposed to discuss the need of indicating cell measured results for more than one UTRAN cell during inter-RAT handover from E-UTRAN to UTRAN.

Proposal 6: It is proposed to discuss the need to indicating UE’s data rate information in E-UTRAN during inter-RAT handover from E-UTRAN to UTRAN.
Proposal 7: If one of proposal 4, 5 and 6 is agreed, send LS to RAN3 conveying the requesting to work on the details of proposals.

Proposal 8: It is proposed to discuss proposal 4, 5 and 6 in case of inter-RAT handover from UTRAN to E-UTRAN.
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