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1. Introduction
In RAN4#82 meeting, there were lots of discussions on test cases for further enhanced mobility [1-4].  A way forward [5] on tests and corresponding test list [6] were approved. It was agreed to introduce intra-frequency and inter-frequency tests for RACH-less handover. The test for initial PUSCH transmission timing was also agreed to be defined but how the test is designed is to be further studied. There was no consensus on tests for make-before-break handover solution. 
In this contribution, we provide views on tests for RACH-less handover, make-before-break handover and tests for initial PUSCH transmission timing after RACH-less handover.
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 test cases
It is agreed to introduce following test cases for RACH-less handover to verify at least handover delay requirements under different scenarios.
· E-UTRAN FDD - FDD Intra frequency RACH-less handover

· E-UTRAN TDD - TDD Intra frequency RACH-less handover

· E-UTRAN FDD – TDD Inter frequency RACH-less handover

· E-UTRAN TDD – FDD Inter frequency RACH-less handover
The difference from legacy handover is that random access is skipped during the RACH-less handover. The other procedure of handover is same as legacy one. Therefore, the test configuration in A.5.1.1 – A.5.1.4 for legacy handover requirements can be reused with some modification to comply with RACH-less handover. The PRACH configuration should be removed from the test configuration. For RACH-less handover UL grant is provided by RRC signalling. If UE doesn’t get the UL grant from RRC signalling from source cell, UE should monitor the PDCCH of target cell to get UL grant. It is preferable that in the test UL grant is provided via RRC signalling. 
In TS36.133 following UL grant configuration is specified. Corresponding parameters should be provided in the test setup for RACH-less handover.
RACH-Skip-r14 ::=




SEQUENCE {


targetTA-r14




CHOICE {



ta0-r14






NULL,



ptag-r14





NULL,



pstag-r14





NULL,



mcg-STAG-r14 




STAG-Id-r11,



scg-STAG-r14 




STAG-Id-r11


},

ul-ConfigInfo-r14



SEQUENCE {


numberOfConfUL-Processes-r14


INTEGER (1..8),


ul-SchedInterval-r14


ENUMERATED {sf2, sf5, sf10},



ul-StartSubframe-r14


INTEGER (0..9),



ul-Grant-r14




BIT STRING (SIZE (16))


}















OPTIONAL
-- Need OR

}

All the other test configurations can reuse existing handover test cases.
For RACH-less handover initial PUSCH transmission timing requirements are also specified. It is agreed that corresponding test cases should be introduced verify the requirements. Two options to specify the test cases are provided.
· Option 1: in RACH-less handover test

· Option 2: in new tests to be defined in section A.7.1.x in TS36.133 

In general, we think the UE behavior of initial PUSCH transmission timing would be same for RACH-less and RACH based handover.  The initial transmission timing error requirements are specified in section 7 in TS 36.133.
The UE initial transmission timing error shall be less than or equal to (Te where the timing error limit value Te is specified in Table 7.1.2-1. This requirement applies when it is the first transmission in a DRX, eDRX_CONN cycle for PUCCH, PUSCH and SRS or it is the first transmission after RACH-less handover or it is the PRACH transmission. The reference point for the UE initial transmit timing control requirement shall be the downlink timing of the reference cell minus 
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. The downlink timing is defined as the time when the first detected path (in time) of the corresponding downlink frame is received from the reference cell. NTA_Ref for PRACH is defined as 0.
As TA is signaled by network under both cases the timing error comes from the accuracy of downlink timing estimation. No matter RACH-less or RACH based handover the UE behavior of downlink timing estimation would be the same. It seems there is nothing new to be tested on initial transmission timing error from UE behavior perspective.
Observation 1: The UE behavior of downlink timing estimation would be the same for RACH-less and RACH based handover.
If RAN4 decides to introduce tests to verify initial PUSCH transmission timing after RACH-less handover, it is preferable that it is tested jointly in the RACH-less handover test in order to reduce test number and cost. The timing adjustment accuracy is not necessarily to be tested and only initial transmission timing error is need to be tested, so it is feasible that initial transmission timing error can be tested after RACH-less handover.
Proposal 1: Initial transmission timing error requirements are verified in RACH-less handover test if RAN4 decides to specify the test cases.

2.2 Make-before-break handover test cases
The test cases for make-before-break handover are FFS.

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. RAN4 defined requirements for interruption time which allows UE interrupt transmission and reception with source cell during the handover procedure. If no new test is defined, then a UE passes legacy handover test can declare it supports make-before-break handover with 5 ms interruption to the source cell which actually it can not guarantee. In the practical network it will consume resources in the network for nothing if network schedules the UE during handover.
Observation 2: If no tests for make-before-break handover then there would be resource consuming in vain in the network.

The main purpose of the test is to verify that UE can keep transmission and reception with source cell and interruption should within the specified time limit during handover procedure while it fulfils the handover delay requirement. The UE should be scheduled by source cell during the test and ACK/NACK is to be counted to verify the interruption time. The handover delay can be verified with interruption time jointly.

Proposal 2: Introduce test cases for make-before-break handover to verify handover delay and interruption time requirements.

One solution to verify interruption time is to count missed ACK/NACK during handover. There is concern about the interruption time and its mapping to ACK/NACK count. The UE would not feedback ACK/NACK during the interruption time and not feedback ACK/NACK for the scheduling during interruption time. In this case the number of missed ACK/NACK should be doubled compared to interruption time.
The requirements for make-before-break handover are defined for intra-frequency handover without bandwidth change. There would be no RF tuning during the handover procedure. The 5 ms interruption time is caused due to stabilization of timing tracking loop and frequency tracking loop etc. If it is assumed that only one tracking loop is implemented for source and target cell, one possible implementation is that UE trains the timing/frequency tracking loop of target cell just before the PUSCH transmission. In this case the missed ACK/NACK count is the same as interruption time. If UE has different tracking loop for source and target cell respectively, then the interruption time would be 0 ms or 1 ms considering asynchronous of source and target cell. Consequently the missed ACK/NACK should be less than 5. In summary the interruption time and missed ACK/NACK count can be mapped one to one, i.e. interruption time of 5ms corresponds to 5 missed ACK/NACK.
Proposal 3: The mapping of interruption time and missed ACK/NACK count should be one to one, i.e. t ms interruption time corresponds to 5 missed ACK/NACK.

The test configuration in A.5.1.1 – A.5.1.2 in TS 36.133 for legacy handover requirements can be reused for make-before-break handover test cases. Only the missed ACK/NACK number during handover should be counted in the test to verify interruption time. In the existing test the UE shall start to transmit the PRACH to Cell 2 less than 50 ms from the beginning of time period T3, so the missed ACK/NACK number should be 5 from the beginning of time period T3 to UE starts to transmit PRACH to cell 2.
Proposal 4: Reused existing handover test cases in A.5.1.1 and A.5.1.2 to define test cases for make-before-break handover with additional verification of interruption time.

3. Conclusion
In this contribution, we provide views on tests for RACH-less handover, make-before-break handover and tests for initial PUSCH transmission timing after RACH-less handover. Following proposals are present.
Proposal 1: Initial transmission timing error requirements are verified in RACH-less handover test if RAN4 decides to specify the test cases.

Proposal 2: Introduce test cases for make-before-break handover to verify handover delay and interruption time requirements.

Proposal 3: The mapping of interruption time and missed ACK/NACK count should be one to one, i.e. t ms interruption time corresponds to 5 missed ACK/NACK.

Proposal 4: Reused existing handover test cases in A.5.1.1 and A.5.1.2 to define test cases for make-before-break handover with additional verification of interruption time.

Draft CRs for test cases design are proposed in our companion paper [7-8].
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