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1	Introduction
[bookmark: _GoBack]0 ms interruption during handover is one of the requirements for IMT-2020 submission. In line with the decision taken at RAN#78 [1], 3GPP RAN WG2 was tasked to discuss the topic and verify whether the legacy standard already fulfils the requirement or new mechanisms need to be added. As a result, e-mail thread [2] has been triggered and a follow-up discussion is expected at RAN2#101. This paper analyses the existing solutions and their relevance for IMT-2020 submission.
2	Discussion
As shown in [2], there is a group of companies supporting LTE Release 14 solutions: RACH-less handover and make-before-break handover (details can be found in [3] and [4]) as the candidate mechanisms to ensure 0 ms interruption goal is achieved by Rel-15 freeze. While it is true those enhancements were introduced in order to reduce the service interruption time during LTE mobility events (i.e. handovers, SCG changes), the aim was not to achieve genuine 0 ms interruption, mainly to avoid UE complexities, etc. The following subsections describe in detail what is achievable with LTE Rel-14 solutions and whether those are sufficient to satisfy ITU-R expectations.
2.1	How to define mobility interruption time? 
According to [5], the description is as follows:
	“Mobility interruption time means the shortest time duration supported by the system during which a user terminal cannot exchange user plane packets with any base station during transitions. The target for mobility interruption time should be 0ms. This KPI is for both intra-frequency and inter-frequency mobility for intra-NR mobility.”



Thus, it should be clearly noted, the time when UE executes RA procedure is still regarded as an interruption (i.e. this is not “user plane packet exchange”), contrary to what has been claimed by few companies in the course of [2].
Observation 1: [bookmark: _Ref506461275]Mobility interruption time is measured as a time when the UE cannot exchange user plane packets with any base station. The initiation of RA procedure does not mean the interruption is finished.
The UE theoretically may be able to execute RA procedure for accessing the target cell, while still maintaining the link with the source cell. However, this would require dual Tx/Rx RF and processing chains, while Rel-14 LTE enhancements have not imposed such restrictions on User Equipment.
2.2	LTE RACH-less + make-before-break – RAN4 requirements
After RAN2 defined Rel-14 enhancements to reduce interruption time during handover and SCG change, RAN4 took over and worked on determining related requirements. Those have been reflected in [6], sections 5.1.2.1.2.2 - 5.1.2.1.2.4. It is quite straightforward to observe that no matter if make-before-break is combined with RACH-less or used solely, the interruption time is: 
Tinterrupt = 5 + TUL_grant ms
where: TUL_grant can be omitted when UL grant is provided in RRC message or when RA procedure is not skipped. The respective subsections comprise also another important information (NOTE):
	NOTE:	The same bandwidth of source cell and target cell is assumed.



It is worth underlining that, as the commonly quoted source of the interruption time reduction is to avoid RF re-tuning and assume the source cell and target cell have the same bandwidth. According to [6], 5 ms interruption time was calculated already with the assumption source’s and target’s bandwidth is the same, so skipping RF re-tuning does not provide additional gains.
Observation 2: [bookmark: _Ref506461288]RAN4 requirement in TS 36.133 already assumes source and target have the same bandwidth. No additional gains for interruption reduction may come from avoiding the RF re-tuning.
2.3	LTE make-before-break HO – further issues
One of the biggest issues with make-before-break HO is its unpredictable performance due to a vague procedure in RAN2 specifications covering this solution. As an example, [4] states:
	“…It is up to UE implementation when to stop the uplink transmission/ downlink reception with the source cell(s) to initiate re-tuning for connection to the target cell [16], if makeBeforeBreak is configured…”



while in [3] one can find the following excerpt:
	“…If Make-Before-Break HO is configured, the source eNB decides when to stop transmitting to the UE…”



It is rather easy to notice the unpredictability and unclear behaviour, allowing e.g. the UE to suddenly ignore data exchange with the source cell or allowing a decision to stop serving the UE, taken by the source cell, without any further notice towards the UE. Furthermore, it has been defined that the source cell connection should be kept “…after the reception of RRCConnectionReconfiguration message with mobilityControlInformation before the UE executes initial uplink transmission to the target cell…”, what does not accurately refer to any solid point in time and the performance is to a large extent UE-specific. It also implies 0 ms interruption cannot be achieved, if the UE stops the exchange with the source before it can exchange the data with the target. Eventually, nothing has changed with respect to the UE’s behaviour concerning immediate start of HO execution, upon HO command reception, so 1 TRX UEs can only save the time for reading RRCConnectionReconfiguration (step 7) with make-before-break enhancement as they should commence synchronizing to the target cell and abandon the source cell link before, as quoted above. 
Observation 3: [bookmark: _Ref506461305]make-before-break handover is defined in a vague way and the procedure does not ensure any predictable performance. It is unclear exactly when the link between UE and the source cell shall be discarded (and which entity takes such decision). Furthermore, the benefits for 1 TRX UEs are virtually non-existent.
2.4	Any chance to see the daylight?
Most involved stakeholders believe a way to resolve this issue is to find a scenario where IMT-2020 interruption requirement (as defined in [5]) is fulfilled. As EN-DC is also a technology subject to IMT-2020 submission, one can think whether there would a mobility scenario in EN-DC, where this requirement was true. It is not fulfilled for MN handover, even though SN is retained, data service is interrupted due to key change, etc. However, perhaps SN change procedure for EN-DC would meet these restrictions, as long as MN continuously keeps exchanging packets with the UE?
Proposal 1: [bookmark: _Ref506463566]RAN2 is kindly asked to evaluate whether SN change procedure for EN-DC is able to fulfil the IMT-2020 requirements concerning 0 ms mobility interruption.
Even if Proposal 1 is reasonable and RAN2 agrees this scenario is sufficient to satisfy ITU-R expectations, a solution which would address larger number of use cases is also desired, likely not in Rel-15 due to time constraints. The work on defining such solution should consider the agreement made at RAN2#97bis [7]:
	=>	We will progress handover with 0ms interruption with dual tx/rx targeting to define a single solution



Thus, in order to have a genuine 0 ms interruption solution, addressing multiple scenarios, dual TRX at the UE side appears to be unavoidable. In another paper by Nokia [8], we describe an efficient solution which ensures 0 ms interruption during mobility events could be achieved, by exploiting Dual Connectivity principles when executing the handover. Other companies have proposed very similar procedures. This approach could be adopted and specified in the standard within the Rel-16 timeframe, if Rel-15 schedule is already too tight.
Observation 4: [bookmark: _Ref506463551]Future work on 0 ms mobility interruption should consider the agreement made during RAN2#97bis on dual Tx/Rx requirement to achieve the 0 ms goal. 

Proposal 2: [bookmark: _Ref506463579]RAN2 is asked to consider the solution described in [8] as an effective means to ensure 0 ms mobility interruption is achieved in various scenarios. 
3	Conclusion
This paper focused on 0 ms mobility interruption requirement for IMT-2020. In the course of the paper the following observations and proposals have been made:
Observation 1: Mobility interruption time is measured as a time when the UE cannot exchange user plane packets with any base station. The initiation of RA procedure does not mean the interruption is finished.
Observation 2: RAN4 requirement in TS 36.133 already assumes source and target have the same bandwidth. No additional gains for interruption reduction may come from avoiding the RF re-tuning.
Observation 3: make-before-break handover is defined in a vague way and the procedure does not ensure any predictable performance. It is unclear exactly when the link between UE and the source cell shall be discarded (and which entity takes such decision). Furthermore, the benefits for 1 TRX UEs are virtually non-existent.
Observation 4: Future work on 0 ms mobility interruption should consider the agreement made during RAN2#97bis on dual Tx/Rx requirement to achieve the 0 ms goal.
Proposal 1: RAN2 is kindly asked to evaluate whether SN change procedure for EN-DC is able to fulfil the IMT-2020 requirements concerning 0 ms mobility interruption.
Proposal 2: RAN2 is asked to consider the solution described in [8] as an effective means to ensure 0 ms mobility interruption is achieved in various scenarios.
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