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1. Introduction
In the last RAN4 meeting, handover requirements for further enhanced mobility have been agreed in [1] and have been introduced to TS 36.133 [2]. The test case should be designed accordingly to verify the new introduced handover requirements.

In this contribution, we provide views on test cases design for verifying requirements for further enhanced mobility solutions.
2. Discussion
The handover requirements for further mobility enhancement are introduced in Rel-14 of TS36.133. The test cases should be designed to verify the requirements for the new feature.
2.1 RACH-less handover
The difference from legacy handover is that random access is skipped during the RACH-less handover. The other procedure is same as legacy one. The handover delay is reduced because there is no waiting time for PRACH occasion and no random access which is not included in the requirements though. 
Taking the difference between legacy handover and RACH-less handover into consideration, the handover delay should be tested as it is different than in current spec. Regarding the test configuration the existing test cases for verifying legacy handover requirements can be reused. It needs to be updated a little bit to indicate that RACH-less handover is configured in the RRC message. The uplink grant is also configured in the RRC message so it should also be explicitly set in the test cases as the test requirements are based on the uplink grant configuration.
The handover delay after UE received the RRC handover message and before the initial PUSCH transmission is to be tested.
The RACH-less handover requirements are introduced for intra-frequency (FDD, TDD and HD-FDD) handover and inter-frequency (FDD-FDD, TDD-TDD, FDD-TDD and TDD-FDD) handover, respectively. 
Regarding the intra-frequency handover requirements for RACH-less handover we think test cases for FDD intra frequency and TDD intra frequency should be defined to verify the requirements. For HD-FDD handover requirements the test cases in current spec are defined for UE category 0, Cat-M1 UEs in CEModeA and Cat-M1 UEs in CEModeB. Generally it would be better to define one test for HD-FDD UE in order to reduce test numbers, but UE category 0 and Cat-M1 UEs are different type UE so it is necessary to define test for each type of UE. For Cat-M1 UEs either CEModeA or CEModeB can be selected to determine test configuration.
Inter-frequency RACH-less handover requirements also include many cases. We think FDD-FDD and TDD-TDD inter frequency requirements are fundamental and should be verified. The FDD-TDD and TDD-FDD case can be tested by the previous two tests.
Proposal 1: Define following test cases for RACH-less handover:
· FDD intra frequency RACH-less handover test
· TDD intra frequency RACH-less handover test

· FDD-FDD inter frequency RACH-less handover test

· TDD-TDD inter frequency RACH-less handover test

· HD-FDD intra frequency RACH-less handover test  for UE category 0
· HD-FDD intra frequency RACH-less handover test for Cat-M1 UEs in CEModeA
2.2 Make-before-break handover
The entire procedure of make-before-break handover itself is the same as legacy handover. The difference is that UE continue uplink transmission and downlink reception with source cell after UE receive the RRC message for handover. It is up to UE implementation when to stop transmission/reception with source cell. RAN4 defined requirements for interruption time which allows UE interrupt transmission and reception with source cell.
Since the handover procedure is the same as legacy one the test parameters in current handover test cases can be reused for test setup for the make-before-break handover. Surely the RRC message should indicate that the make-before-break handover is configured. 
The main purpose of the test is to verify that UE can keep transmission and reception with source cell during handover procedure. The UE should be scheduled by source cell during the test and ACK/NACK is needed to be counted to verify the interruption time. The handover delay can be verified with interruption time jointly.

The make-before-break handover requirements are introduced for intra-frequency (FDD, TDD and HD-FDD) handover only. 

Regarding the intra-frequency handover requirements for make-before-break handover we think test cases for FDD intra frequency and TDD intra frequency should be defined to verify the requirements.
HD-FDD intra frequency handover test case is a little bit complicated. As interruption time is to be tested the UE should be scheduled in source cell during the test, but it is not easy to design the test to count ACK/NACK feedback due to half duplex. One possible solution is to leave it to UE implementation to meet the requirements and no test is designed for HD-FDD make-before-handover. 

Observation 1: HD-FDD intra-frequency test cases for make-before-break handover need to be further studied.
Proposal 2: Define following test cases for make-before-break handover:
· FDD intra frequency make-before-break handover test

· TDD intra frequency make-before-break handover test

Proposal 3: Interruption time requirements together with handover delay requirements needs to be verified for make-before-break handover.
2.3 Combination of Make-before-break and RACH-less handover
The combination of make-before-break and RACH-less handover is that random access is skipped and PUSCH is transmitted directly in pre-allocated UL grant or by monitoring PDCCH during make-before-handover. The test design would be quite similar with make-before-break handover except that RACH-less is indicated and corresponding UL grant is configured in the RRC message.
The test is to verify that UE can keep transmission and reception with source cell during handover procedure and start transmit PUSCH without random access which leads to different handover delay. 
Similar with make-before-break handover we think test cases for FDD intra frequency and TDD intra frequency should be defined to verify the requirements of combined solutions. For HD-FDD intra frequency handover it may either leave it to UE implementation to meet the requirements or design new test to verify the requirements.
Observation 2: HD-FDD intra-frequency test cases for combination of make-before-break and RACH-less handover need to be further studied.
Proposal 4: Define following test cases for combination of make-before-break and RACH-less handover:
· FDD intra frequency handover test

· TDD intra frequency handover test

Proposal 5: Interruption time requirements together with handover delay requirements needs to be verified for combination of make-before-break and RACH-less handover.
Based on observation 1 and 2 we think HD-FDD intra-frequency test cases need further study.

Proposal 6: FFS HD-FDD intra-frequency test cases for make-before-break handover and combination of make-before-break and RACH-less handover.
2.4 Initial transmission timing requirements after RACH-less handover
Initial transmission requirements after RACH-less handover are also introduced for further mobility enhancement. The requirements is the same as legacy first transmission for PUSCH expect it is after RACH-less handover other than in a DRX or other cases. From this perspective there is nothing new to be tested.
Proposal 7: No new tests for initial transmission time requirements to be introduced.
3. Conclusion
In this contribution, we provide views on test cases design for verifying requirements for further enhanced mobility solutions. Following proposals are present.
Proposal 1: Define following test cases for RACH-less handover:
· FDD intra frequency RACH-less handover test

· TDD intra frequency RACH-less handover test

· FDD-FDD inter frequency RACH-less handover test

· TDD-TDD inter frequency RACH-less handover test

· HD-FDD intra frequency RACH-less handover test  for UE category 0
· HD-FDD intra frequency RACH-less handover test for Cat-M1 UEs in CEModeA
Proposal 2: Define following test cases for make-before-break handover:
· FDD intra frequency make-before-break handover test

· TDD intra frequency make-before-break handover test

Proposal 3: Interruption time requirements together with handover delay requirements needs to be verified for make-before-break handover.
Proposal 4: Define following test cases for combination of make-before-break and RACH-less handover:
· FDD intra frequency handover test

· TDD intra frequency handover test

Proposal 5: Interruption time requirements together with handover delay requirements needs to be verified for combination of make-before-break and RACH-less handover.
Proposal 6: FFS HD-FDD intra-frequency test cases for make-before-break handover and combination of make-before-break and RACH-less handover.
Proposal 7: No new tests for initial transmission time requirements to be introduced.
A set of baseline test cases are proposed in our companion paper [3] which are to be introduced to verify handover requirements.
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