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1. Introduction
To reduce the interruption time during handover, e.g. achieve close to 0ms interruption time, there are three solution categories on the table [1]:
Category 1 (split bearer solutions): Developed based on the split bearer operation defined in R12 DC. Data transmission/reception with both the source cell and target cell is required for a period of time, e.g. from when the target is added as the SN to when the source is released. Here, we call category 1 as DC-based for short.
Category 2 (non-split bearer solutions with dual active protocol stacks at a time): Developed somehow based on the MBB operation defined in R14. With the reception of the HO command, data transmission/reception with the source cell is kept until the source cell is released. There would be data transmission/reception with both the source cell and target cell for a period of time. Here, we call category 2 as eMBB-DU-ACT for short.
Category 3 (non-split bearer solutions with single active protocol stack at a time): Developed based on the MBB operation defined in R14. With the reception of the HO command, data transmission/reception with the source cell is kept until successfully completes the random access procedure to the target. Here, we call category 3 as eMBB-SI-ACT for short.
In this contribution, we try to give some analysis and comparison for the three solution categories from the perspective of RF requirements, applicable deployment scenarios, impact on protocol stacks, impact on specs, application for NR, security handling, capability coordination etc. And based on the comparison, we share our views about the solution selection priorities.
2. Discussion
RF requirements
LS [2] has been sent to RAN4 and RAN1 to ask the feasibility of simultaneous transmission/reception of various UL & DL physical channels/signals to/from two cells with the combination of different scenarios and TRX chains. RAN1 has approved the reply in [3] while no formal reply has been agreed by RAN4 yet. From the reply from RAN1, we can see that to support real simultaneous transmission/reception from two cells, dual Tx/Rx is needed anyway at least for some cases, e.g. for the case of inter-frequency inter-band scenario. Or else, for a UE without dual Tx/Rx or RAN4&RAN1 identified scenarios not supporting simultaneous transmission/reception at all, TDM solutions should be specified.
For Category 1 (DC-based) and Category 2 (eMBB-DU-ACT), data transmission/reception with both the source cell and target cell is required for a period of time. So dual Tx/Rx or TDM solution is required anyway at least for some cases. On the other hand, for Category 3 (eMBB-SI-ACT), only the RACH procedure to the target will be processed in parallel with the data transmission/reception in source, the concurrent time will be quite short. So in case UE has single Tx/Rx only or, for the scenarios where simultaneous transmission/reception would be required, the UE can simply skip the data transmission/reception with the source cell to prioritize the RACH procedure, e.g. skip data transmission to the source cell when colliding with Msg1/Msg3 transmission to the target, without the need of introducing TDM solutions. 
Observation 1: For Category 1 (DC-based) and Category 2 (eMBB-DU-ACT), dual Tx/Rx or TDM solution is required anyway at least for some cases. While for Category 3 (eMBB-SI-ACT), a UE with single Tx/Rx can achieve 0ms interruption for all the cases, without the need of introducing TDM solutions.

Applicable deployment scenarios
[bookmark: OLE_LINK2]Category 1 (DC-based) is developed based on R12 DC. So Category 1 can only be applied to DC deployments, which would be limited by the band combination supported by the UE and the network.
[bookmark: OLE_LINK3]For Category 2 (eMBB-DU-ACT), data transmission/reception with both the source cell and target cell is required for a period of time. So although Category 2 is not restricted by the DC deployments, or in other words the network is not required to be updated to support DC, Category 2 is also limited by the band combination supported by the UE and the network.
[bookmark: OLE_LINK1]For Category 3 (eMBB-SI-ACT), there’s a single protocol stack active at a time. The UE stops data transmission/reception with the source as soon as it successfully completes the random access procedure to the target. In this case, only the RACH procedure to the target would be processed in parallel with the data transmission/reception in source. The UE can simply skip the data transmission/reception with the source cell to prioritize the RACH procedure if necessary. So Category 3 can be applied to all the cases listed in the WI, including inter and intra frequency handover, inter and intra eNB handover, sync and async deployments.
Observation 2: Both Category 1 (DC-based) and Category 2 (eMBB-DU-ACT) are limited by the band combination supported by the UE and the network. And Category 1 (DC-based) can only be applied to DC deployments. While Category 3 (eMBB-SI-ACT) can be applied to all the cases listed in the WI.

Impact on protocol stacks
For Category 1 (DC-based), the split bearer defined in R12 can be reused. So no big impacts on the protocol stacks.
For Category 2 (eMBB-DU-ACT), as discussed in [1], the PDCP functions are actually split into two parts at least at the network side. One for handling the unified SN allocation, reordering and in-order delivery in one node. The other for handling separate (de)ciphering & integrity protection/verification in both nodes (Note: there are different opinions on whether ROHC should be handled in one node or in both nodes). So given that, in our opinion, no matter what we call this solution category, there would be actual impacts on the protocol stacks.
For Category 3 (eMBB-SI-ACT), there’s only a single protocol stack active at a time. The UE performs data transmission/reception with either the source cell or the target cell. So no impact on the protocol stacks.
Observation 3: For Category 1 (DC-based), the split bearer defined now can be reused. For Category 2 (eMBB-DU-ACT), the PDCP functions are split between two nodes at least at the network side. For Category 3 (eMBB-SI-ACT), no impact on the protocol stacks.

Impact on specs
[bookmark: OLE_LINK4]For Category 1 (DC-based), per the analysis in our companion contribution [4], the various aspects of the Role Change procedure, including the content of the Role Change command message, the RRC handling with the reception of the Role Change command, the PDCP handling with the reception of the Role Change command and the Role Change procedure over Xn interface should be specified. The applicable target key after Role Change (e.g. S-KgNB or KgNB) should be determined. In this category, the UE shall maintain two sets of keys when maintaining the simultaneous source and target connectivity. And there would be key ambiguity issue that should be resolved.
For Category 2 (eMBB-DU-ACT), data transmission/reception with both the source cell and target cell is required for a period of time. Similar as for Category 1 (DC-based), the UE should keep context both for the source and the target and maintain two sets of keys. So the new RRC handling, PDCP handling with the reception of the handover command to keep dual active protocol stacks should be defined. 
For Category 3 (eMBB-SI-ACT), there’s only a single protocol stack active at a time. The procedure defined for R14 MBB can be reused with some minor update, e.g. update to specify that the UE stops data transmission/reception with the source cell when successfully completes the random access procedure to the target.
Observation 4: For Category 1 (DC-based), various aspects of the Role Change procedure, the applicable target key after Role Change and the key ambiguity issue should be figured out. For Category 2 (eMBB-DU-ACT), the new RRC and PDCP handling with the reception of the handover command to keep dual active protocol stacks should be defined. While for Category 3 (eMBB-SI-ACT), the procedure defined for R14 MBB can be reused with some minor update.

Application for NR
For Category 1 (DC-based), once specified in LTE, a similar mechanism can be easily applied for NR.
For Category 2 (eMBB-DU-ACT), generally speaking, we can design a unified solution which can work both for LTE and NR. However, it should be noted that during the email discussion [1], majority companies indicated that separate ROHC should be executed at the source node and target node in parallel. However, as we indicated during the email discussion, dual ROHC can work in LTE because data delivered from RLC is in order. While in NR, data delivered from RLC is out of order. And due to the fact that data would be split to the source and target, so ROHC could only be performed in one single node, i.e. after the unified PDCP reordering and duplication detection. 
For Category 3 (eMBB-SI-ACT), once specified in LTE, a similar mechanism can be also applied for NR.
Observation 5: For Category 1 (DC-based) and Category 3 (eMBB-SI-ACT), once specified in LTE, the same mechanism can be applied for NR. For Category 2 (eMBB-DU-ACT), it’s better to find a unified solution which can work both for LTE and NR.

Security handling
For Category 1 (DC-based) and Category 2 (eMBB-DU-ACT), data transmission/reception with both the source cell and target cell is required for a period of time, so the UE shall maintain two sets of keys. While for Category 3 (eMBB-SI-ACT), there’s only a single protocol stack active at a time. So the UE needs to maintain one set of keys at a time. Besides, per the analysis in our companion contribution [4], for Category 1 (DC-based), solutions should be figured out for the key ambiguity issue.
Observation 6: For Category 1 (DC-based) and Category 2 (eMBB-DU-ACT), the UE shall maintain two sets of keys. While for Category 3 (eMBB-SI-ACT), the UE needs only to maintain one set of keys at a time. And the key ambiguity issue should be ironed out for Category 1 (DC-based) in addition. 

Capability coordination
Per analysis in our companion contribution [5], for Category 1 (DC-based) and Category 2 (eMBB-DU-ACT), data transmission/reception with both the source cell and target cell is required for a period of time. So capability coordination between source node and target node is required, including band combination, UL transmission power and maxSCH-TB-BitsDL/maxSCH-TB-BitsUL etc. While for Category 3 (eMBB-SI-ACT), there’s only a single protocol stack active at a time. So the capability coordination is not required between source node and target node, and the UE shall always prioritize the RACH procedure in target cell.
Observation 7: For Category 1 (DC-based) and Category 2 (eMBB-DU-ACT), capability coordination between source node and target node is required. While for Category 3 (eMBB-SI-ACT), no capability coordination is required.
Table 1 provides a summary for the comparison of the three solution categories:
Table 1. Comparison summary
	Metrics
	Category 1 (DC-based)
	Category 2 (eMBB-DU-ACT)
	Category 3 (eMBB-SI-ACT)

	RF requirement
	Dual Tx/Rx or TDM solution is required anyway at least for some cases;
(-)
	Dual Tx/Rx or TDM solution is required anyway at least for some cases;
(-)
	Single Tx/Rx without TDM solutions can work for all cases;
(+)

	Applicable deployment scenarios
	Can only be applied to DC deployments;
Limited by the band combination supported by the UE and the network;
(-)
	Limited by the band combination supported by the UE and the network;
(-)
	Can be applied to all the cases listed in the WI;
(+)

	Impact on protocol stacks
	The defined split bearer can be reused. No big impacts on the protocol stacks;
(+)
	PDCP functions are split between two nodes at least at the network side. There would be actual impacts on the protocol stacks
(-)
	No impact on the protocol stacks
(+)

	Impact on specs
	Various aspects of the Role Change procedure should be specified;
The applicable target key after Role Change should be determined;
The key ambiguity issue should be figured out;
(-)
	The new RRC handling, PDCP handling with the reception of the handover command to keep dual active protocol stacks should be defined;
(-)
	The procedure defined for R14 MBB can be reused with some minor update;
(+)

	Application for NR
	The same mechanism specified can be applied for NR;
(+)
	Depend on the solution detail, e.g. the ROCH handling. Better to find a unified solution which can work both for LTE and NR;
(+)
	The same mechanism specified can be applied for NR;
(+)

	Security handling
	The UE shall maintain two sets of keys;
Solutions should be figured out for the key ambiguity issue;
(-)

	The UE shall maintain two sets of keys;
(-)
	The UE needs to maintain one set of keys at a time;
(+)

	Capability coordination
	Capability coordination between source node and target node is required;
(-)
	Capability coordination between source node and target node is required;
(-)
	No capability coordination is required;
(+)



[bookmark: _GoBack]From the comparison summary in Table 1, we can see that Category 3 (eMBB-SI-ACT) excels in all of the metrics. So we propose to prioritize Category 3 (eMBB-SI-ACT) in LTE_feMob. Category 1 (DC-based) and Category 2 (eMBB-DU-ACT) are almost the same on all the metrics. Although majority companies favored Category 2 (eMBB-DU-ACT) during the email discussion [1], considering that the category is limited by the band combination as in DC, the PDCP entity is actually split into two parts which would have a big impact on the network and spec, and the new RRC handling/PDCP handling is as much as complex as for DC based solutions, we propose to down prioritized Category 1 (DC-based) and Category 2 (eMBB-DU-ACT) in LTE_feMob. 
Proposal 1: Category 3 (eMBB-SI-ACT) solution should be specified with first priority in LTE_feMob.
Proposal 2: Considering the complexity, Category 1 (DC-based) and Category 2 (eMBB-DU-ACT) solutions should be down-prioritized in LTE_feMob.
3. Conclusion and proposals
In this contribution, we try to compare the three solution categories for interruption time reduction on the table. By the comparison, we have the following observations and proposals:
Observations:
Observation 1: For Category 1 (DC-based) and Category 2 (eMBB-DU-ACT), dual Tx/Rx or TDM solution is required anyway at least for some cases. While for Category 3 (eMBB-SI-ACT), a UE with single Tx/Rx can achieve 0ms interruption for all the cases, without the need of introducing TDM solutions.
Observation 2: Both Category 1 (DC-based) and Category 2 (eMBB-DU-ACT) are limited by the band combination supported by the UE and the network. And Category 1 (DC-based) can only be applied to DC deployments. While Category 3 (eMBB-SI-ACT) can be applied to all the cases listed in the WI.
Observation 3: For Category 1 (DC-based), the split bearer defined now can be reused. For Category 2 (eMBB-DU-ACT), the PDCP functions are split between two nodes at least at the network side. For Category 3 (eMBB-SI-ACT), no impact on the protocol stacks.
Observation 4: For Category 1 (DC-based), various aspects of the Role Change procedure, the applicable target key after Role Change and the key ambiguity issue should be figured out. For Category 2 (eMBB-DU-ACT), the new RRC and PDCP handling with the reception of the handover command to keep dual active protocol stacks should be defined. While for Category 3 (eMBB-SI-ACT), the procedure defined for R14 MBB can be reused with some minor update.
Observation 5: For Category 1 (DC-based) and Category 3 (eMBB-SI-ACT), once specified in LTE, the same mechanism can be applied for NR. For Category 2 (eMBB-DU-ACT), it’s better to find a unified solution which can work both for LTE and NR.
Observation 6: For Category 1 (DC-based) and Category 2 (eMBB-DU-ACT), the UE shall maintain two sets of keys. While for Category 3 (eMBB-SI-ACT), the UE needs only to maintain one set of keys at a time. And the key ambiguity issue should be ironed out for Category 1 (DC-based) in addition. 
Observation 7: For Category 1 (DC-based) and Category 2 (eMBB-DU-ACT), capability coordination between source node and target node is required. While for Category 3 (eMBB-SI-ACT), no capability coordination is required.
Proposals:
Proposal 1: Category 3 (eMBB-SI-ACT) solution should be specified with first priority in LTE_feMob.
Proposal 2: Considering the complexity, Category 1 (DC-based) and Category 2 (eMBB-DU-ACT) solutions should be down-prioritized in LTE_feMob.
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