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Discussion and Decision
1      Introduction
New WI “Even further Mobility enhancement in E-UTRAN” was approved in [1]. The objective of the WI are:

· Specify further enhancements to achieve following targets, [RAN2/3]

· reduce user data interruption during handover, which targets as close as possible to 0ms, i.e. relaxed requirements could be considered. 

· improve the robustness during handover,

· Specify necessary core requirements for the identified solutions [RAN4]

The work is split into two phases:

· Study Phase, to evaluate the proposed solutions, e.g. simultaneous connectivity with both source and target eNB, conditional handover and enhancements to make-before-break, including support of carrier aggregation in source and carrier aggregation in target eNB during handover, and do down selection or merger, if necessary.

· Work Phase, to specify the chosen solution(s)

This contribution is to perform detail study on the options for simultaneous connectivity. 

2      Discussion

Simultaneous connectivity handover is one of the potential solution to achieve 0ms interruption time goal both in LTE and NR. One may extend make-before-break introduced in LTE, they will have similar option as to how to resolve some of the main issues. 
In simultaneous-connectivity, the UE will go through the following 3 phases:

· Single connected with serving cell (this is before handover starts)

· Multi-connected with both serving and target cell (this is during handover)

· Single connected with target cell (this is after serving cell is released) 
2.1     Scnearios
There are the following scenarios:

· Scenario 1: Both serving cell and target cell are in the same carrier (intra-frequency case)

· Scenario 2: Serving cell and target cell are within the UE support CA band combination

· Scenario 3: Serving cell and target cell are within CA band combination supporting DC
· Scenario 4: Serving cell and target cell are in different carrier (inter-frequency case) and not fall into scenario 2 and 3
During Rel14 mobility enhancement WI, RAN2 in LS [1] asked RAN4 if simultaneously Rx/Tx is possible and the reply LS [2] is copied and pasted below: 
Questions related to the make-before-break solution(s):

Q4: Is it feasible that the UE performs simultaneous reception from two intra-frequency cells in either synchronous or asynchronous network? (RAN4)

Answers to Q4:
UE can always receive signals from intra-frequency cells in either synchronous or asynchronous network as long as bandwidth of neighbour cells is within the bandwidth of the serving cell. For one subframe of data UE received in serving cell, it also contains one subframe of data in intra-frequency neighbour cells under synchronous network, but only contains partial of two consecutive subframe of data in intra-frequency neighbour cells under asynchronous network.

Q5: Is it feasible that the UE performs simultaneous transmission to two intra-frequency cells in either synchronous or asynchronous network in the following two cases? (RAN1/RAN4)

Case 1: PUSCH/PUCCH/SRS to one intra-frequency cell and PUSCH/PUCCH/SRS/PRACH preamble to another intra-frequency cell

Case 2: PUSCH/PUCCH/SRS to one intra-frequency cell and PRACH preamble in the other intra-frequency cell

Answers to Q5: 

· It is not RAN4 decision regarding simultaneous transmission. 
The LS replied is not so clear that if simultaneous tx/rx can be performed for scenariintra-frequency case. Therefore, it is desirable to ask RAN4 again to get better information. Furthermore, considering time limitation, it would be good to ask the feasibility in the context of both LTE and NR.  
For scenario 2 and 3, it may be reasonable guess the UE should be able to perform simultaneous tx/rx in those cases. It would be good to get confirmation from RAN4 if these scenarios can be supported. 

In scenario 4, since the serving cell and target cell are not within the UE capable CA band combination and DC CA band combination. It is logical to believe that the UE will not be able to perform simultaneously tx/rx. Therefore, it is desirable to ask RAN4 again to get better information.

Proposal 1: RAN2 send an LS to RAN4 to get feedback on the feasibility of simultaneous TX/RX for simultaneous connectivity for both LTE and NR especially for scenario 1 and 4.   

2.2     Architecture options for simultaneous connectivity handover
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Figure 1: (1) Split-bearer architecture






(2) Non split-bearer architecture

In general, there are 2 options to support simultaneous connectivity HO shown in Figure 1: (1) Split-bearer (DC based) and (2) non split-bearer. 

In split bearer (DC) architecture, the serving cell of the UE is MeNB and target cell will be added as SeNB during HO preparation. Current SeNB addition and release procedures can be reused or HO Request/Acknowledge can be enhanced to add the target as SeNB. The PDCP PDU will be forwarded from MeNB to SeNB to the UE during handover. The new procedure will be required to change the anchor (MeNB) after path switch, where the source can perform legacy data forwarding. The bearer change will be from source-terminated MCG bearer (before handover) to source-terminated split bearer (during handover) and target-terminated split bearer (during handover) to target-terminated MCG bearer (after handover). Before the path switch, the UE will be using source security key and after path switch, the UE will be using target security key. Therefore, key indication will be needed to indicate to the UE which key to use.  
For non-split bearer architecture, the UE will connect to both serving cell and target cell with two full protocol stacks. The UE will maintain 2 set of security key (one for serving cell and one for target cell). The source will forward partial PDCP PDU (after ROHC) and the SN to target cell. The target cell then performs the integrity protection and ciphering on the partial PDCP PDU. The UE will perform integrity protection and deciphering when packet is received using the corresponding key. The UE will store and reorder the combined PDCP packet from both serving and target cell. 
Comparison summary:

	
	Split bearer
	Non-split bearer

	Before path switch
	the protocol is (source security key is used)

· Source path: PDCP/RLC (LCHx1) for DRB1

· Target path: RLC (LCHx2) for DRB1

Note
	the protocol is (source security key is used in source path, target key is used in target path)
· Source path: PDCP/RLC (LCHx1) for DRB1

· Target path: PDCP/RLC (LCHx2) for DRB1

	After path switch
	the protocol is (target security key is used)
· Source path (if source path is still there): RLC (LCHy1 different from LCHx1 or based on key indicator for which key (source or target) to use in PDCP header) for DRB1 

· Target path: PDCP/RLC (LCHy2 different from LCHx2 or based on key indicator for which key (source or target) to use in PDCP header) for DRB1
	the protocol is same, but the source path can be released:

· Source path: PDCP/RLC (LCHx1) for DRB1

· Target path: PDCP/RLC (LCHx2) for DRB1

	Pros
	do not need to modify the reordering function of PDCP
	No need to indicate which security to use 

	Cons
	· Needs to indicate which security key to use upon the anchor change after path switch; 

· The UE has to maintain two target path configuration (before/after path switch)
· Both network and UE have to support DC
	Needs to resolve reordering across serving and target across two PDCP entities


Note: for split bearer approach, the network may configure source terminated split bearer and target terminated split bearer simultaneously;
Proposal 2: RAN2 discuss on the following two architecture options for simultaneous connectivity HO solution. 
· (1) Split-bearer (DC based) 

· (2) Non split-bearer

3      Conclusion

Proposal 1: RAN2 send an LS to RAN4 to get feedback on the feasibility of simultaneous TX/RX for simultaneous connectivity for both LTE and NR especially for scenario 1 and 4.   

Proposal 2: RAN2 discuss on the following two architecture options for simultaneous connectivity HO solution. 

· (1) Split-bearer (DC based) 

· (2) Non split-bearer
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