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1	Introduction 
LTE mobility enhancements, which were specified in Rel-14, introduced two features that aim at decreasing overall handover time: MBB and RACH-less. As similar mobility enhancements are being considered now for NR in Rel-16 [1], companies present further technical analysis on whether same design principles as in LTE would be applicable for NR or new solutions should be developed. 
Referring more specifically to the "make-before-break" feature, one of the open questions for the RAN WG4 RRM was how to devise new performance requirements for a UE supporting the corresponding mobility enhancements. Some discussions already took place during the RAN4#92bis meeting, but no conclusion was reached. In this discussion paper we present our further considerations referring to some decisions that were done for LTE Rel-14 enhancements. 
2	Handover delay and interruption time 
Referring to TS 38.133, the handover delay procedure comprises the RRC procedure delay and the interruption defined as time between end of the last TTI containing the RRC command on the old PDSCH and the time the UE starts transmission of the new PRACH, excluding the RRC procedure delay. Following the same line of reasoning as for the LTE Rel-14 MBB feature, there is no need to change the overall definition of the handover delay and the interruption time because the major principle remains the same. However, what RAN WG4 needs to devise further is the actual interruption which should be smaller when compared to the legacy baseline performance numbers. 
Observation 1a:	The general framework for the handover delay and interruption time definitions can remain the same.
Observation 1b:	RAN WG4 needs to devise further improved performance requirements for the interruption time.
The interruption time formula for NR takes different forms and values depending on the FR1 or FR2 handover, which for the sake of brevity can be generalized by the following formula:
Tinterrupt = Tsearch + TIU + Tprocessing+ T∆ ms
Where T_iu is the interruption uncertainty in acquiring the first available PRACH occasion in the new cell, and T_processing can take different values ranging from 20 to 40ms. Referring back to LTE Rel-14 discussions, one of the fundamental assumptions that RAN WG4 needs to make is whether we assume 1Rx or 2Rx UE architecture. With the 2Rx UE architecture, a UE can always keep one chain associated with the serving cell while tuning to the target one thus theoretically achieving close to 0ms interruption time. At least for LTE Rel-14 mobility enhancements, the 1Rx UE architecture assumption was made resulting in the T_processing time of 5ms. And the main rational behind it was the fact that LTE mobility enhancements could be applied to UEs with lower capabilities, which cannot necessarily always tune two Rx chains to the same frequency. There were also proposals to assume 2Rx UE architecture, with which T_processing could be 0..1ms. And, of course, LTE assumption for 1Rx UE architecture does not mean that a particular UE implementation cannot leverage 2 Rx chains thus achieving better performance than 
Observation 2a:	With an assumption of 1Rx UE architecture, T_processing cannot be assumed to be close to 0ms (e.g. 5ms for the LTE Rel-14 MBB feature).
Observation 2b:	On the other hand, 2Rx UE architecture would put a high requirement on the UE side since a UE will have to be able to tune 2 Rx chains to (any) serving frequency.
Hence, we elaborate further on some aspects of the overall interruption time depending on whether 1Rx or 2Rx UE architecture is assumed:
-	1Rx. Most likely we will not be able to assume that T_iu is equal to zero because a UE will not receive data (form a serving cell) while performing RACH procedure. Furthermore, T_processing time will be obviously larger than 0ms for the reasons explained above;
[bookmark: _GoBack]-	2Rx. Since a UE can in principle receive data from both serving and the target cell, T_iu can be assumed (close to) 0ms because RACH procedure on the target cell should not interrupt data reception on the serving one. As for the T_processing time, activation of the Rx chain for target cell and deactivation of the Rx chain associated with the serving call could cause some interruptions. 

[bookmark: _Toc20916033][bookmark: _Toc20916044][bookmark: _Toc20916796]Proposal 1:	RAN WG4 should decide which UE architecture, 1Rx or 2Rx, should be assumed as a baseline to devise further performance requirements.  
[bookmark: _Toc20916797]Proposal 2:	A choice for a particular UE architecture type should be done based on the realistic estimation of the final interruption time.  
3	Conclusions
In this discussion paper we have presented our further considerations on the handover delay and the interruption time for a case when a UE maintains connection to both serving and the target cells. As presented in the paper, the overall framework can remain the same, but we need to revise further anticipated interruption time, which in turn depends heavily on the assumption of whether 1 or 2Rx chain UE architecture is assumed.  
Proposal 1:	RAN WG4 should decide which UE architecture, 1Rx or 2Rx, should be assumed as a baseline to devise further performance requirements.
Proposal 2:	A choice for a particular UE architecture type should be done based on the realistic estimation of the final interruption time.
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