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1. Introduction
In RAN4#102-e meeting, the core requirements for handover with PSCell were specified. This document will discuss the test cases for handover with PSCell, and give our consideration and proposal.

2. Discussion
[bookmark: OLE_LINK113][bookmark: OLE_LINK114]The work for specifying core requirements for handover with PSCell have been completed. From this RAN4 meeting, the test for handover with PSCell should be discussed. The test case list have been given in email discussion. We take to develop test case 9 in the test case list in email discussion before meeting. The TC9 is as following:
	TC No.
	TC
	PCell Handover
	PSCell addition/change
	Purpose
	Clause

	9
	Handover with PSCell from EN-DC to EN-DC with known target PSCell in FR1
	E-UTRA intra-frequency handover
	Source PSCell in FR1 Target known PSCell in FR1
	To verify delay requirements for handover with PSCell from EN-DC to EN-DC
	A.4.3.x1


We think this test case can refer to E-UTRA intra-frequency handover test, and NR intra-frequency handover test. The test configurations for E-UTRA intra-frequency handover and for NR intra-frequency handover can be reused for this test case. The only difference is that NR cells in this test case are used for NR PSCell change.
Proposal 1: The configurations for this test case can refer to the configurations for E-UTRA intra-frequency handover and for NR intra-frequency handover.
So this test case should have four cells and three time periods. Two E-UTRA cells are PCell and E-UTRA neighbour cell for E-UTRA handover on the same E-UTRA carrier. Two NR cells are PSCell and NR neighbour cell for PSCell change on same the NR carrier.
Proposal 2: There are four cells in the test case, two original cells on E-UTRA carrier and NR carrier and two target cells on the same carriers respectively.
The test can consist of three successive time periods, with time durations of T1, T2 and T3 respectively. During T1, the target PCell and PSCell will turn off, and the UE doesn’t have any timing information of target PCell and PSCell. The UE will also be configured event-triggered reporting with Event A3 for neighbour cells in the measurement control information.
During T2, the target PCell and PSCell will turn on, and the UE will send Event A3 reports for E-UTRA target cell and NR target cell. After received the Event A3 reports, the SS will sent RRC message implying handover with PSCell.
During T3, the UE will perform handover with PSCell, and SS will monitor the PRACH send by UE to check whether the delay of handover with PSCell is met.
Proposal 3: The test can consist of three successive time periods, T1, T2 and T3. The target cells turn off during T1, and turn on during T2. UE will send Event A3 reports and receive RRC message implying handover with PSCell during T2, and perform the handover with PSCell during T3.
Based on the requirements specified in clause 5.8 in [2], the handover requirements for handover with PSCell for EN-DC is defined as: the maximum RRC procedure delay + Tsearch + TIU + Tprocessing
Where:
Tsearch is same as the Tsearch defined in section 6.1.2.1.3
TIU is same as the one defined in section 6.1.2.1.3.
Tprocessing is the SW processing time needed by UE, including RF warm up period. Tprocessing = 25 ms if source NR PSCell and target NR PSCell are in the same FR.  Tprocessing = 45 ms if source NR PSCell and target NR PSCell are in the different FR.
The Tsearch and TIU are same as intra-frequency handover. And a margin is 20ms for intra-frequency handover, but Tprocessing = 25 for handover with PSCell here.
According to the definition in clause 11.2 in TS 36.331[3], the maximum RRC procedure delay for ‘RRC connection re-configuration (intra-LTE mobility)’ is 15ms, and is 20ms for ‘RRC connection reconfiguration (NR SCG establishment/ /modification/release)’. 
So, the test handover requirement for handover with PSCell should be the test requirements for intra-frequency handover plus 10ms, i.e. 50ms +10ms = 60ms.
Proposal 4: The test handover requirement for handover with PSCell is defined as 60ms.
The PSCell change delay requirements are specified as:
DHOwithPSCel_PSCell = TRRC_delay + Tprocessing + Tsearch + T∆ + TPSCell_ DU + TPCell_DU + 2 ms
Where:
TRRC_delay is maximum RRC procedure delay to be defined in clause 11.2 in TS 36.331 [3].
Tprocessing is the SW processing time needed by UE, including RF warm up period. Tprocessing = 25 ms if source NR PSCell and target NR PSCell are in the same FR.  Tprocessing = 45 ms if source NR PSCell and target NR PSCell are in the different FR.
Tsearch is same as Tsearch in section 7.31.2
T∆ is same as T∆ in section 7.31.2.
TPSCell_ DU is same as TPSCell_ DU in section 7.31.2.
TPCell_DU is the delay uncertainty due to PCell RACH preamble transmission defined in TS 38.213 [39].
For NR intra-frequency handover requirement is defined as [4]:
	TRRC_delay + Tinterrupt = TRRC_delay + Tsearch + TIU + Tprocessing + T∆ + Tmargin ms
Here the maximum RRC procedure delay for ‘RRC reconfiguration’ in NR is 10ms [5] (need additional 10ms) and Tprocessing = 20ms (need additional 5ms) for NR FR1 intra-frequency handover [4]. Tsearch = 0ms; T∆ = Trs; TPSCell_DU = TIU = 10ms; Tmargin = 2ms, they are same as intra-frequency handover. TPCell_DU = 30ms [2].
So the test requirement for PSCell change delay should test requirements for NR FR1 intra-frequency handover plus 45ms, i.e. 72ms +45ms = 117ms.
Proposal 5: The test requirement for PSCell change delay is defined as 117ms.

Based on above considerations, a draft CR for this test case is present in other paper [6].

3. Conclusion
This document discussed the test for handover with PScell and presented the following proposals:
Proposal 1: The configurations for this test case can refer to the configurations for E-UTRA intra-frequency handover and for NR intra-frequency handover.
Proposal 2: There are four cells in the test case, two original cells on E-UTRA carrier and NR carrier and two target cells on the same carriers respectively.
Proposal 3: The test can consist of three successive time periods, T1, T2 and T3. The target cells turn off during T1, and turn on during T2. UE will send Event A3 reports and receive RRC message implying handover with PSCell during T2, and perform the handover with PSCell during T3.
Proposal 4: The test handover requirement for handover with PSCell is defined as 60ms.
Proposal 5: The test requirement for PSCell change delay is defined as 117ms.
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