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1	Introduction
RAN#80 plenary approved a Work Item (WI) titled “NR mobility enhancements” to enhance the basic mobility functions available in NR Release 15[1]. One of the objectives of the WI is to:
	· 	To study solution(s) to improve HO/SCG change reliability and robustness especially considering challenges in high/med frequency focusing on the following identified solutions but not limited.  
· Conditional handover  
· Fast handover failure recovery 



In this paper, we delve into the conditional handover mechanism related interruption time requirements in NR.
2	Discussion
Due to lack of time in Release 15 time frame, only basic handover is introduced in NR as part of Release 15 specification.  The basic handover is mainly based on LTE handover mechanism in which network controls UE mobility based on UE measurement reporting. In the basic handover, source gNB triggers handover by sending HO request to target gNB and after receiving ACK from the target gNB, the source gNB initiates handover by sending HO command (reconfigurationWithSync) with target cell configuration. The UE sends PRACH to the target cell after RRC reconfiguration is applied with target cell configuration. However, instances where the signal degrades quickly due to which the UE fails to receive the HO command from the network are also not uncommon. NR also allows operation at FR2 or high frequencies where the signal quality change and degradation are more adverse than that of FR1 or lower frequency ranges. When the UE moves or rotates, the UE can experience very fast signal degradation. A UE in NR FR2 also experiences a very different channel condition between LoS and non LoS in NR and the path-loss/ signal strength can be largely different in beams or between LOS and non-LOS. It may result in higher handover failure and large ping-pong rate. Sighting these challenges in handover, a conditional handover mechanism is agreed to be introduced as part of release 16 mobility enhancements.
The approved WI [1], indicates that RAN2 should avoid increasing signalling over head for the mobility enhancements in release 16. It additionally indicates that LTE mobility enhancements should be used as baseline for fast handover failure recovery, Make-before-break and RACH-less handover. However, a baseline requirement for conditional handover has not been discussed and agreed. As any handover, there are two main performance aspects to conditional handover – interruption time during handover, and robustness of handover. The primary objective of conditional handover is to improve the mobility robustness over the existing basic handover procedure of release 15. Also, there is ongoing work towards reducing the handover interruption time to 0ms as part of Release 16 mobility enhancements in NR. However, the baseline interruption time that conditional handover shall support has not been captured in the WI and not been discussed in RAN2. 
Observation 1: The baseline interruption time requirements for conditional handover is not defined in the work item. 
Interruption time caused during handover [2] is the accumulation of time required to search the target cell, timer to acquire the full timing information of the target cell, time required for UE processing and the delay caused for acquiring the first available PRACH on the new cell, where in the UE processing time can be up to 40ms based on the operating frequency of the source and target cells. The interruption time for the basic handover in release 15 specifications is defined as ‘the 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’. The target for interruption time caused during handover in release 16 enhancement is 0ms. Further, in RAN2#106 meeting, release 16 interruption time is agreed as ‘the shortest time duration supported by the system during which a user terminal is not able to exchange user plane packets with any base station during transitions’. It is also possible to relax the interruption time for conditional handover, as compared to basic handover and just provide a more robust handover scheme instead (i.e. the interruption of CHO could be more than release 15 basic handover). Therefore, there are 3 different alternatives that can be assumed as interruption timer requirement during conditional handover. 
Observation 2: There are three alternatives to assume as interruption time during CHO
· ALT 1: Keep the interruption time requirement same as that of Release 15 basic handover 
· ALT 2: Adopt the interruption time requirement of release 16 solution to reduce mobility interruption time 
· ALT 3: Interruption time of CHO can be more that Release 15 basic handover.  

The target for interruption time caused during handover in release 16 enhancement is 0ms. This is specific to the objective related to interruption reduction and does not concern to mobility robustness improvement using CHO. Moreover, the ability to achieve 0ms interruption is related to UE hardware and RF capability. Therefore, it is not efficient to impose all UEs to adhere to the interruption time requirements as required for 0ms mobility interruption. 0ms interruption time based handover only improves the interruption delay and does not affect the robustness of handover procedure as compared to that of Release 15 basic. Likewise, improved mobility robustness using conditional handover should improve the mobility robustness without impacting the interruption time. A UE should not be penalised with higher interruption while performing release 16 enhancement based condition handover. Instead, mobility robustness improvement should be provided to a UE as an advantage over the existing handover interruption performance. Therefore, CHO is expected to assume release 15 interruption time. However, there is no common understanding regarding the interruption time requirement for CHO and request RAN2 to discuss. 

Proposal 1: RAN2 to discuss and have a common understanding whether CHO independently will perform better or worse than Rel-15 normal HO.
Proposal 2: Send LS to RAN4 to refine the interruption time definition for CHO and confirm whether it is better or worse than Rel-15 normal HO.  
3	Conclusion
The contribution discussed the interruption time requirement for conditional handover. Different alternatives are discussed, and the following observations and proposal are made.
Observation 1: The baseline interruption time requirements for conditional handover is not defined in the work item.
Observation 2: There are three alternatives to assume as interruption time during CHO
· ALT 1: Keep the interruption time requirement same as that of Release 15 basic handover 
· ALT 2: Adopt the interruption time requirement of release 16 solution to reduce mobility interruption time 
· ALT 3: Interruption time of CHO can be more that Release 15 basic handover.  
Proposal 1: RAN2 to discuss and have a common understanding whether CHO independently will perform better or worse than Rel-15 normal HO.
Proposal 2: Send LS to RAN4 to refine the interruption time definition for CHO and confirm whether it is better or worse than Rel-15 normal HO.  
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