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1	Introduction
During the RAN2#93bis meeting in April 2016 two types of solutions to cater for the LTE HO shortcomings have been discussed: RACH-less HO (so-called: Solution 1) and make-before-break HO (so-called: Solution 2). RAN2 has identified a couple of open issues and decided to consult them with other WGs by sending an LS in [2]. In addition, RAN2 has decided to continue the considerations on various aspect of Solution 2 in the post-meeting e-mail discussion (i.e. [93bis#28][LTE/Mobility enhancement], report available in [3]) This paper further elaborates on possible implications of introducing “make-before-break” type of HO for LTE.
2	Discussion
2.1	Keeping the unreliable link with a source cell
One of the main assumptions shared by “make-before-break” proponents is that it is feasible to still maintain a reliable connection with a source cell upon the reception of RRCConnectionReconfiguration including mobilityControlInfo. Since HO is typically triggered due to deteriorating radio conditions, keeping the source cell link upon receiving HO command might not be a realistic expectation in all scenarios and might require changing the handover triggering conditions. 
Another issue that potentially will have to be resolved if certain make-before-break solution is agreed is related to retransmissions. It appears to be a justified supposition that DL transmission from the source cell occurring upon the reception of HO command (i.e. from Phase II onwards, according to the nomenclature proposed in [3]) may end up in incorrect data reception and the resulting necessity of retransmission. Handling those retransmissions to source cell while the HO is being executed could require additional complexity over single-link operation.  
Observation 1: [bookmark: _Ref450834719]It may not be a realistic assumption that from Phase II onwards the connection to source cell allows to continue the data transmission. It may result in retransmissions which could be challenging to handle during the HO.

2.2	Impact on MRO and HO timers
In the discussion of make-before-break solutions, various implications have been considered but the impact on Mobility Robustness Optimisation (MRO) related and SON related definitions and mechanisms has not really been considered so far. In our understanding, an introduction of almost any kind of make-before-break solution will yield the necessity to reconsider the validity of MRO concepts presented e.g. in [5], subsection 22.4. As an example – current description of “Too Late Handover” or “Too Early Handover” contains such terms as “successful handover” or “handover failure”. With the requirement to keep the connection to a source cell upon HO command, it may be necessary to redefine when actually a HO success or failure should be reported. Similar concerns have been expressed and described in detail in [4], a paper submitted to RAN3#92 meeting. 
In the legacy specification T304 is triggered upon the reception of HO command (i.e. in Phase II, as defined in [3]). However, in make-before-break HO the actions upon timer expiry (currently denoted by “HO failure”) presumably might not be applicable. It seems to be a well-grounded assumption that if the link to source cell is maintained and operational there is no need to report HO failure and start resulting actions. Thus, if make-before-break HO is agreed, the handling of HO failure (and in particular the timer T304) would need to be redefined, and potentially even a new set of relevant timers might have to be introduced. 
Observation 2: [bookmark: _Ref450834733]The introduction of make-before-break HO for LTE may require redefinition of some MRO aspects, HO-related timers and actions upon declaring HO failure.

2.3	Security key for make-before-break HO
As pointed out during the related e-mail discussion (i.e. [93bis#28][LTE/Mobility enhancement]), solutions classified as Category B, C, or D may have certain issues associated with security key handling. In the legacy LTE specification, UE can get rid of the source cell/eNB security key upon the reception of HO command. In the make-before-break approach evaluated here, the UE seems to be expected to keep two (or more) PDCP security keys for integrity and ciphering, corresponding to the source and target cell. Such aspect has been underlined e.g. for Option 7 in [3]. This would mean a change in the security architecture and would require consultation with SA3.
Observation 3: [bookmark: _Ref450834747]Make-before-break HO can yield the issue with security key which may have to be consulted with other 3GPP WGs.
2.4	make-before-break HO for Dual Connectivity
Categories B, C and D proposed in [3] assume that the UE is supposed to simultaneously transmit or receive not only from/to the source cell but also from/to “another intra-frequency cell”. The following excerpt from [3] provides the principles of this classification:  
· Category B: No simultaneous Tx but need simultaneous Rx of PSS/SSS/CRS from another intra-frequency cell. Option 1/2a/4a/Option 6(1)
· Category C: Simultaneous Tx of PRACH to another intra-frequency cell and simultaneous Rx of PDSCH/PDCCH from another intra-frequency cell. Option 6(2)
· Category D: Simultaneous Tx of PRACH/PUSCH/PUCCH/SRS to another intra-frequency cell and simultaneous Rx of PDSCH/PDCCH from another intra-frequency cell. Option 3/5/7/8/Option 6(3)
However, a singular form of the word “cell” is definitely not applicable to DC case. For example the tables for Option 6 in [3] clearly depict that UE has to receive DL transmission from three cells in parallel. This possible complexity has to be emphasized and taken into account in the process of choosing the ultimate solution. 
Observation 4: [bookmark: _Ref450834769]Make-before-break HO for Dual Connectivity case might require simultaneous reception or transmission from/to three cells, i.e. source PCell, source PSCell and target PCell or PSCell.
2.5	Option 4 with RACH-less approach
To progress with the Work Item, it would be desirable to focus on only a single Option from the solution group 2. An optimal solution would be the one having the lowest “pain versus gain” factor (i.e. providing the largest service interruption savings at the expense of reasonably low complexity). Among the Options listed in [3] we regard Option 4 as having a reasonable balance between the level of functionality enhancement and implementation complexity. As a result, should RAN2 decide to go towards “make-before-break” HO for LTE, Option 4 can serve as a solid basis for further considerations.
Observation 5: [bookmark: _Ref450834804]Option 4 seems to guarantee a decent trade-off between the complexity and the gain for make-before-break HO in LTE.
Summarizing it briefly, all issues pointed out in the clauses 2.1 – 2.5 lead to the following proposal:
Proposal 1: [bookmark: _Ref450834839]RAN2 is kindly asked to choose at most one solution from the solution group 2 to be further considered in the Work Item.


3	Conclusion
This paper analyzed various possible implications of make-before-break HO, if it is agreed as a remedy for data service interruption during the handover in LTE. The following Observations and Proposals have been made in this paper:
Observation 1: It may not be a realistic assumption that from Phase II onwards the connection to source cell allows to continue the data transmission. It may result in retransmissions which could be challenging to handle during the HO.
Observation 2: The introduction of make-before-break HO for LTE may require redefinition of some MRO aspects, HO-related timers and actions upon declaring HO failure.
Observation 3: Make-before-break HO can yield the issue with security key which may have to be consulted with other 3GPP WGs.
Observation 4: Make-before-break HO for Dual Connectivity case might require simultaneous reception or transmission from/to three cells, i.e. source PCell, source PSCell and target PCell or PSCell.
Observation 5: Option 4 seems to guarantee a decent trade-off between the complexity and the gain for make-before-break HO in LTE.
Proposal 1: RAN2 is kindly asked to choose at most one solution from the solution group 2 to be further considered in the Work Item.
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