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1. Introduction
The requirements for mobility enhancements have been discussed in the past few meetings. In RAN4#80 Bis, a way forward identifying what should be studied further to finalize the requirements for RACH-less and “make before break” was agreed [1]. In this paper we discuss the requirements for “make before break”.
2. Discussion
In [1] it was identified that the total delay from receiving the HO message until executing RACH in the target cell is comprised of the RRC reconfiguration delay(defined in RAN2 as 15ms) and the actual interruption time defined in RAN4 that the UE needs to switch to the new cell. This is currently defined as:

Tinterrupt = Tsearch + TIU + 20 ms
For the case of make before break, the target cell should already be known to the UE so Tsearch=0 and Tiu would depend on the uncertainty of the RACH occasion in the target cell. The 20ms extra delay from Tinterrupt are given for the UE to perform tight time and frequency synchronization to the target cell so that it is ready to decode DL transmissions and perform UL transmissions. In order to enable a hand over procedure that is as close as possible to make before break, the 20ms delay should be reduced as much as possible. 
In order to reduce this delay, the UE would have to be able to start the fine synchronization procedure to the target cell before it stops the communication with the serving cell. Hence, the UE must be able to run multiple frequency/time tracking loops on different cells at the same time. It should be noted that there would be some delay between the moment that the UE receives the HO command message and starts tracking the target cell since UE has to decode this message and start the RRC reconfiguration procedure(HO procedure in this case) so the additional tracking loop would be started at some point during the RRC reconfiguration procedure.
If the UE has the capability to run multiple tracking loops, the 20ms delay could be reduced to about 5-10ms for the intra-frequency case. This delay would apply to an intra-frequency case in which the bandwidth of the serving is the same as the bandwidth of the target cell (no RF bandwidth change). It should be noted that this delay is assumed for the case of FDD where at least 4 DL subframes/frame are available(excluding MBSFN). For the case of TDD an additional delay depending on the number of available DL subframes should be expected. 

Overall, the HO delay would be RRC configuration delay(15ms)+Tiu+5ms=20ms+Tiu for FDD.
For the intra-frequency case when the serving and target cells have different channel bandwidths, the tracking loop for the target cell cannot be started before the UE receiver bandwidth is reconfigured so it is not feasible to reduce the HO delay. Hence, the enhanced requirement above should apply only for the case when the channel bandwidth is the same(typical case).
Similarly for the case of inter-frequency, the synchronization to the target cell would only be possible after the RF chain is re-tuned to the frequency of the target cell. It might be possible that the target cell is supported on a different RF chain and synchronization could be started earlier like in the case of intra-frequency, however, the capability signaling would have to be similar to that used for gapless measurements making it very complex. Also, the synchronization delay would be longer since the extra time needed to power up the RF chain should be accounted for so the reduction in overall delay would be smaller than the intra-frequency case.
It should be pointed out that if the UE can perform gapless measurements on a certain frequency, this does not necessarily mean it would use the same RF chain for data transmissions on that frequency. Also, the UE has to warm up the Tx chain and this could cause interruptions that are not seen with gapless measurements. Hence, a separate capability from that used for gapless measurements would be needed for inter-frequency “make before break”.
Considering the above, the inter-frequency make before break would have very limited applicability with a very complicated capability framework while only improving the HO delay by at most 10ms. Therefore, make before break should not be supported in the inter-frequency case.
3. Conclusion
In this paper we briefly analyzed the requirements for make before break hand over that are being discussed under the mobility enhancements work item. 
Based on our analysis we propose to limit the requirement applicability to the intra-frequency case without channel bandwidth change. For FDD, the new RAN4 delay requirement should be:

Tinterrupt =TIU + 5 ms
An additional delay is expected for TDD depending on the number of available DL subframes after the HO command is received.
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