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1 Introduction
The following new handover procedures have been introduced in release 14 as a part of the further mobility enhancements work item
	
	Intrafrequency requirements
	Interfrequency requirements

	RACHless handover
	Yes
	Yes

	Make before break handover
	Yes
	No interfrequency MBB handover according to decision in RAN2#96

	RACHless make before break handover
	Yes
	No interfrequency MBB handover according to decision in RAN2#96


Table 1 : New handover procedures introduced in release 14 work item
2 Discussion

In this contribution we discuss the necessary test coverage for the new handover procedures. The existing test cases for intrafrequency and interfrequency handover are considered as a starting point for developing additional tests to cover the new procedures.
	A.5.1.1
E-UTRAN FDD - FDD Intra frequency handover


A.5.1.2
E-UTRAN TDD - TDD Intra frequency handover


A.5.1.3
E-UTRAN FDD – FDD Inter frequency handover


A.5.1.4
E-UTRAN TDD – TDD Inter frequency handover


A.5.1.5
E-UTRAN FDD – FDD Inter frequency handover: unknown target cell


A.5.1.6 
E-UTRAN TDD – TDD Inter frequency handover; unknown Target Cell


A.5.1.7
E-UTRAN FDD – TDD Inter frequency handover


A.5.1.8
E-UTRAN TDD – FDD Inter frequency handover


A.5.1.9
E-UTRAN FDD - FDD Intra frequency handover for 5MHz bandwidth


A.5.1.10
E-UTRAN FDD - FDD Intra frequency handover for UE category 0


A.5.1.11
E-UTRAN HD - FDD Intra frequency handover for UE category 0


A.5.1.12
E-UTRAN TDD - TDD Intra frequency handover for UE category 0


A.5.1.13
E-UTRAN FDD-FDD Intra frequency handover for Cat-M1 UEs in CEModeA


A.5.1.14
E-UTRAN HD-FDD Intra frequency handover for Cat-M1 UEs in CEModeA


A.5.1.15
E-UTRAN TDD Intra frequency handover for Cat-M1 UEs in CEModeA
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Table 2 : Existing test coverage for legacy handover.
For considering additional tests, FDD and TDD duplex modes need to be considered. Since existing handover tests verify FDD-TDD and TDD-FDD handovers (without RACHless or MBB HO) it seems reasonable to test cases where the source and target cell have the same duplex mode. Similarly, we do not think that RACHless or MBB handover tests need to be developed for UE category 0, cat M1 or 5MHz BW. There are no core requirements for cat M1, and for category 0 although the core requirements for mobility enhanced handovers would apply if the devices supported the feature, we think that in practice there may not be too many low category devices supporting such handover enhancements.
One discussion which can be considered is whether test cases with unknown target cell are needed. Previously this has been tested only for legacy interfrequency cases, since an unknown intrafrequency cell strong enough for performing HO to seems unlikely given that that the UE will always try to search for intrafrequency cells. Considering the new procedures, a RACHless HO to an unknown interfrequency cell could be considered, however we also think that it would be desirable to limit the number of new test cases introduced.
Proposal 1 : Test cases consider handover to a known target cell only.

We also think that to limit test case numbers, it may be sufficient to test RACHless and MBB handovers separately, and not to test the combined RACHless + MBB procedure, even though it is valid from a requirements and signalling perspective. The thinking is that it is better not to test combinations of features unless there is some special concern identified, as there should be some confidence that the combined RACHless+MBB handover works if the individual procedures perform correctly.

Proposal 2 : Combined RACHLess + Make before break handover is not tested.

Based on the discussion and proposals the test case list would become

Proposal 3  : The following test case list is considered
	1
	E-UTRAN FDD - FDD Intra frequency RACHless handover


	2
	E-UTRAN FDD - FDD Intra frequency make before break handover


	3
	E-UTRAN TDD - TDD Intra frequency RACHless handover


	4
	E-UTRAN TDD - TDD Intra frequency make before break handover


	5
	E-UTRAN FDD – TDD Inter frequency RACHless handover


	6
	E-UTRAN TDD – FDD Inter frequency RACHless handover


Finally, we discuss some details of the test procedures and configuration

RACHless handover
For RACHless handover, the UE can either be preconfigured with an UL grant in the RRC procedure or it can wait on a UL grant once it starts receiving PDCCH from the target cell.  For the purposes of predictability and visibility it seems better in the test to preconfigure a UL grant and ensure that there is UL data to be transmitted so that the UE will transmit PUCCH/PUSCH as soon as possible. Apart from the omission of the PRACH procedure, the RACHless HO is rather similar to the legacy procedure so tests 1,3,5 and 6 can be quite similar to legacy HO tests, except that the RACHless procedure including UL grant is included in the handover command, and the test requirement is modified according to the handover delay for a RACHless handover as specified in the new core requirements in 36.133

· Dhandover equals the maximum RRC procedure delay to be defined in clause 11.2 in TS 36.331 [2] plus the interruption time for RACH-less handover
· Tinterrupt = 10 + 20 ms (Tsearch=0ms, TIU=10ms)
Proposal 4 : In RACHless handover tests an UL grant is given in the RRC command, and the UE is tested according to the modified test requirement, with the test ending on transmission of PUSCH/PUCCH to the target cell.
Make before break handover
The make before break handover is not faster overall than the legacy procedure since

· Dhandover equals the maximum RRC procedure delay to be defined in clause 11.2 in TS 36.331 [2] plus the handover processing time (equivalent to Tinterrupt as in legacy handover procedure)
· Tinterrupt = [5] ms
One aspect which should be considered is that the existing handover tests do not check Tinterrupt explicitly, but only check the Dhandover which includesTinterrupt. We think that Tinterrupt may be checked explicitly, for example by scheduling the UE on the source cell after the HO command has been given and determining when ACK/NACK feedback stops, the start of the interruption time can be determined, and the end of the interruption occurs when the first PRACH preamble is sent by the UE to the target cell. Since the point of the new make before break handover procedure is to reduce interruption, a modified test procedure where Tinterrupt is explicitly checked should be developed, since otherwise a UE could pass the make before break handover test even if it only implemented the legacy handover procedure.

Proposal 5 : Tests for make before break handover should explicitly verify Tinterrupt eg using ACK/NACK feedback to determine the start of the interruption.
3 Conclusions

Proposal 1 : Test cases consider handover to a known target cell only.

Proposal 2 : Combined RACHLess + Make before break handover is not tested.

Proposal 3  : The following test case list is considered
	1
	E-UTRAN FDD - FDD Intra frequency RACHless handover


	2
	E-UTRAN FDD - FDD Intra frequency make before break handover


	3
	E-UTRAN TDD - TDD Intra frequency RACHless handover


	4
	E-UTRAN TDD - TDD Intra frequency make before break handover


	5
	E-UTRAN FDD – TDD Inter frequency RACHless handover


	6
	E-UTRAN TDD – FDD Inter frequency RACHless handover


Proposal 4 : In RACHless handover tests an UL grant is given in the RRC command, and the UE is tested according to the modified test requirement, with the test ending on transmission of PUSCH/PUCCH to the target cell.
Proposal 5 : Tests for make before break handover should explicitly verify Tinterrupt eg using ACK/NACK feedback to determine the start of the interruption.
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