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Introduction

According to the WID on on Further NR mobility enhancements [1] and the core part discussion, following objetives are under discussion.

	To specify mechanism and procedures of L1/L2 based inter-cell mobility for mobility latency reduction

To specify mechanism and procedures of NR-DC with selective activation of the cell groups (at least for SCG) via L3 enhancements:

CHO including target MCG and target SCG in NR-DC

CHO including target MCG and candidate SCGs for CPC/CPA in NR-DC

To study and specify how to reuse the IDLE/INACTIVE mode measurement results which are to be reported during and/or after RRC connection setup/resume in order to improve SCell/SCG setup delay


There was no detailed discussion on performance requirements on further NR mobility enhancements. This contribution providesdiscussion for mobility enhancement except LTM.
Discussion  
2.1 NR-DC with selective activation of cell groups via L3 enhancements

In Rel-17 Conditional PSCell change (CPC)/Conditional PSCell addition (CPA), a CPC/CPA-configured UE has to release the CPC/CPA configurations when completing random access towards the target PSCell. Hence the UE doesn’t have a chance to perform subsequent CPC/CPA without prior CPC/CPA reconfiguration and re-initialization from the network. This will increase the delay for the cell change and increase the signaling overhead, especially in the case of frequent SCG changes when operating FR2. Therefore, MR-DC with selective activation of cell groups aims at enabling subsequent CPC/CPA after SCG change, without reconfiguration and re-initialization on the CPC/CPA preparation from the network, which is the main difference from Rel-17 CPAC. It is necessary to define test cases for NR-DC with selective activation of cell groups via L3 enhancements.
The starting point of subsequent CPC is the time when UE transmits SN RRCReconfigurationcomplete message for the previous PSCell addition or change. The ending point of subsequent CPC in RRM requirements is the transmission of PRACH preamble towards the target PSCell. The subsequent CPC delay requirements is defined as: Tconfig_PSCell_Subsequent_Change_Conditional = TEvent_DU + Tmeasure + TUE_preparation + Tprocessing + T∆ + TPSCell_ DU + 2 ms. TEvent_DU is the delay uncertainty which is the time from when UE transmits SN RRCReconfigurationcomplete message for the previous PSCell addition or change until a condition exists at the measurement reference point which will trigger the subsequent conditional PSCell change. Tmeasure is measurements time. TUE_preparation is UE preparation time. Tprocessing is SW processing time needed by UE, including RF warm up period. T∆ is time for fine time tracking and acquiring full timing information of the target cell. TPSCell_ DU the delay uncertainty in acquiring the first available PRACH occasion in the PSCell.

In last meeting, it was agreed to define RAN4 delay requirement for Subsequent PSCell addition [2]. The subsequent CPA delay requirements are similar as that of subsequent CPC. Even though delay requirements are similar, but considering CPA and CPC are different scenario, it is necessary to define test for both cases. 
Proposal 1: for NR-DC with selective activation of cell groups via L3 enhancements, it is proposed to define tests for both CPA and CPC.

	Issue 4-2-1: test coverage
Candidate solutions:

Option 1: define the following two test cases (CATT)

Intra-frequency CPC from FR1-FR2 NR-DC to FR1-FR2 NR-DC)

Inter-frequency CPC from FR1-FR1 NR-DC to FR1-FR1 NR-DC)

Option 2: define the following two test cases (Apple)

FR1-FR1 NR-DC to FR1-FR1 NR-DC

FR1-FR1 NR-DC to FR1-FR2 NR-DC (with testability issue)

Option 2a: define the following two test cases (vivo)

Intra-frequency CPC from FR1-FR1 NR-DC to FR1-FR1 NR-DC

Inter-frequency CPC from FR1-FR1 NR-DC to FR1-FR2 NR-DC (with testability issue)

Option 3: For subsequent-CPAC testing of PSCell change delay, introduce a new test case to test the delay requirement for PSCell change after a PSCell change. (Nokia)

Option 4: For subsequent-CPAC, it is proposed to define test for both FR1-FR1 NR-DC and FR1-FR2 NR-DC (ZTE)
Option 5: Introduce test cases with multiple configurations for subsequent Conditional PSCell Change to cover different scenarios. UEs capable of multiple DC combinations only need to test one of the test cases or one of the configurations. (MTK)


For test coverage, we support to consider both intra-frequency measurement and inter-frequency measurement. And both FR1+FR1 NR-DC and FR1+FR2 NR-DC need to be considered. Since there is testability issue for FR1+FR2, RAN4 can firstly focus on FR1+FR1.

Proposal 2: for subsequent CPA/C, it is proposed to consider  intra-frequency measurement and inter-frequency measurement.

Proposal 3: for subsequent CPA/C, it is proposed to consider FR1+FR1 NR-DC and FR1+FR2 NR-DC (with testability issue).

2.2 Enhanced CHO 

For enhanced CHO, according to the WID [1], both CHO including target MCG and target SCG, and CHO including target MCG and candidate SCG for CPC/CPA are included. And RAN4 defined core requirements for both cases. It is proposed to define test for both cases.

2.2.1 CHO including target MCG and target SCG in NR-DC(obj.3)
According to previous discussion, for CHO including target MCG and target SCG, some companies propose not to define tests since conditional handover and handover with PSCell have already been verified in legacy tests. We have different views. In legacy, conditional handover and handover with PSCell are two indepedent precodure and tested sperately. However, for CHO including target MCG and target SCG, CHO and PSCell change are triggered by a single RRC command. And they can be performed sequenctially or in parallel pending on configuarion. If SMTC of the target unknown PSCell is configured in targetcellSMTC-SCG-r16 but not configured in reconfigurationWithSync, CHO and PSCell change are perfomed in sequence. Otherwise, they are performed in parallel. Based on above analysis, we cannot conclude that  the performance is guaranteed if UE pass legacy tests for CHO and PSCell change. It is necessary to define test for CHO including target MCG and target SCG.

Proposal 4: it is proposed to define tests for CHO including target MCG and target SCG (obj.3).

As discussed above, delay requirements for both parallel processing and sequential processing are specified. It is necessary to define tests for both cases, similar as we did for Rel-17 HO with PSCell.

Proposal 5: for CHO including target MCG and target SCG (obj.3), it is proposed to define test cases to cover both parallel processing and sequential processing.
According to core part discussion, conditional handover including target MCG in FR1 and target SCG in FR1 in NR-DC and conditional handover including target MCG in FR1 and target SCG in FR2 in NR-DC are considered. In detail, following scenarios are included. It is proposed to define test cases for all the scenarios. As for the testability issue for FR1+FR2, RAN4 can firstly specify the  tests with the clarification that UE does not need to pass the tests until the issue are solved, similar way as for legacy tests.

FR1-FR1 NR-DC to FR1-FR1 NR-DC, 

FR1-FR2 NR-DC to FR1-FR1 NR-DC. 

FR1-FR1 NR-DC to FR1-FR2 NR-DC, 

FR1-FR2 NR-DC to FR1-FR2 NR-DC. 

Proposal 6: for CHO including target MCG and target SCG (obj.3), it is proposed to define tests for following scenarios:

FR1-FR1 NR-DC to FR1-FR1 NR-DC, 

FR1-FR2 NR-DC to FR1-FR1 NR-DC,

FR1-FR1 NR-DC to FR1-FR2 NR-DC, 

FR1-FR2 NR-DC to FR1-FR2 NR-DC. 

For CHO including target MCG and target SCG in NR-DC, both PCell handover delay and PSCell change delay are specified. It was agreed that PCell handover delay is defined as: DCHOwithPSCell_PCell = TRRC + TEvent_DU + Tmeasure + Tprocessing + TIU + T∆ + Tmargin + TCHO_execution. And PSCell handover delay is defined as: TRRC + TEvent_DU + Tmeasure + TCHO_execution + Tprocessing + Tsearch_PCell_Conditional + Tsearch_PSCell + T∆_PSCell + TPSCell_ DU + 2 ms. Both need to be considered for the test design.

Proposal 7: for CHO including target MCG and target SCG in NR-DC (obj.3), it is proposed to define test to cover both PCell handover delay and PSCell handover delay.
2.2.2 CHO including target MCG and candidate SCG for CPC/CPA in NR-DC (obj.4)
For CHO including target MCG and candidate SCG for CPC/CPA in NR-DC, similar discussion as CHO including target MCG and target SCG, it is proposed to define tests.
Proposal 8: it is proposed to define tests for CHO including target MCG and candidate SCG for CPC/CPA in NR-DC (obj.4).

In detail, following scenarios are considered. It is proposed to define test cases for all the scenarios. As for the testability issue for FR1+FR2, RAN4 can firstly specify the  tests with the clarification that UE does not need to pass the tests until the issue are solved, similar way as for legacy tests.

FR1-FR1 NR-DC to FR1-FR1 NR-DC, 

FR1-FR2 NR-DC to FR1-FR1 NR-DC. 

FR1-FR1 NR-DC to FR1-FR2 NR-DC, 

FR1-FR2 NR-DC to FR1-FR2 NR-DC. 

Proposal 9: for CHO including target MCG and candidate SCG for CPC/CPA in NR-DC (obj.4), it is proposed to define tests for following scenarios:

FR1-FR1 NR-DC to FR1-FR1 NR-DC, 

FR1-FR2 NR-DC to FR1-FR1 NR-DC,

FR1-FR1 NR-DC to FR1-FR2 NR-DC, 

FR1-FR2 NR-DC to FR1-FR2 NR-DC. 

When the CHO execution condition is met but no CPC execution condition is met, if there is an available CHO-only or Rel-17 CHO with SCG configuration for which the CHO condition is met, the UE performs the CHO-only or Rel-17 CHO with SCG execution. In May meeting, RAN4 agreed that if complementary CHO-only configuration is provided, legacy conditional handover can be reused for conditional PCell handover if complementary CHO-only configuration is provided. Eventhough legacy conditional handover requirements are reused, but it is necessary to define test to verify UE behaviour, i.e. when the CHO execution condition is met but no CPC execution condition is met, if there is an available CHO-only or Rel-17 CHO with SCG configuration for which the CHO condition is met, the UE performs the CHO-only or Rel-17 CHO with SCG execution.
When UE is NOT provided with CHO-only configuration, according to RAN2 agreements,  execution of CHO+CPAC is considered when BOTH conditions are met. In last meeting, it was agreed that DCHOwithCPAC_PCell is TRRC + TEvent_DU + max(Tmeasure_CHO, Tmeasure_CPA/CPC) + Tprocessing + TIU + T∆ + Tmargin + TCHO_execution. DCHOwithPSCell_PSCell is TRRC + TEvent_DU + max(Tmeasure_CHO, Tmeasure_CPA/CPC) + TCHO_execution + Tprocessing + T∆_PSCell + TPSCell_ DU + 2 ms. This is new scenario, and it is necessary to define test for this case. 

Pending on whether CHO-only configuration is provided or not, UE behaviour is different, it is necessary to define test for both cases.
Proposal 10: for CHO including target MCG and candidate SCG for CPC/CPA, it is proposed to define tests for following cases:

when the CHO execution condition is met but no CPAC execution condition is met, and CHO-only configuration is provided (the motivation is to verify that CHO is executed without waiting for the CPAC execution condition is met)
CHO-only configuration is not provided (the motivation is to verify that CHO+CPAC is executed when BOTH conditions are met)
2.3 Improvement on SCell/SCG setup delay
For solution based on existing measurement, validity check on measurement results are introduced. The measurements results are considered as valid if both of the following conditions are satisfied:
If accuracy requirements are met, the measurement results are valid for IDLE/INACTIVE measurements within the last X seconds before msg1 transmission for RRC resume/setup request.

X value is network configured. If network doesn’t provide configuration of X, UE is not required to perform validity check. 

Candidate values for X: 5s, 10s, 20s, 50s, 100s.

The reported measurement results satisfy measurement accuracy at the measurement instance.

Since this procedure is newly introduced. It is proposed to define test for validity check on measurement results.

Proposal 11: for improvement on SCell/SCG setup delay, it is proposed to define test for validity check on measurement results.
Conclusion

This contribution provides initial discussion on performance requirements for mobility enhancement except LTM. The proposals are:

Proposal 1: for NR-DC with selective activation of cell groups via L3 enhancements, it is proposed to define tests for both CPA and CPC.

Proposal 2: for subsequent CPA/C, it is proposed to consider  intra-frequency measurement and inter-frequency measurement.

Proposal 3: for subsequent CPA/C, it is proposed to consider FR1+FR1 NR-DC and FR1+FR2 NR-DC (with testability issue).

Proposal 4: it is proposed to define tests for CHO including target MCG and target SCG (obj.3).

Proposal 5: for CHO including target MCG and target SCG (obj.3), it is proposed to define test cases to cover both parallel processing and sequential processing.
Proposal 6: for CHO including target MCG and target SCG (obj.3), it is proposed to define tests for following scenarios:

FR1-FR1 NR-DC to FR1-FR1 NR-DC, 

FR1-FR2 NR-DC to FR1-FR1 NR-DC,

FR1-FR1 NR-DC to FR1-FR2 NR-DC, 

FR1-FR2 NR-DC to FR1-FR2 NR-DC. 

Proposal 7: for CHO including target MCG and target SCG in NR-DC (obj.3), it is proposed to define test to cover both PCell handover delay and PSCell handover delay.
Proposal 8: it is proposed to define tests for CHO including target MCG and candidate SCG for CPC/CPA in NR-DC (obj.4).

Proposal 9: for CHO including target MCG and candidate SCG for CPC/CPA in NR-DC (obj.4), it is proposed to define tests for following scenarios:

FR1-FR1 NR-DC to FR1-FR1 NR-DC, 

FR1-FR2 NR-DC to FR1-FR1 NR-DC,

FR1-FR1 NR-DC to FR1-FR2 NR-DC, 

FR1-FR2 NR-DC to FR1-FR2 NR-DC. 

Proposal 10: for CHO including target MCG and candidate SCG for CPC/CPA, it is proposed to define tests for following cases:

when the CHO execution condition is met but no CPAC execution condition is met, and CHO-only configuration is provided (the motivation is to verify that CHO is executed without waiting for the CPAC execution condition is met)
CHO-only configuration is not provided (the motivation is to verify that CHO+CPAC is executed when BOTH conditions are met)
Proposal 11: for improvement on SCell/SCG setup delay, it is proposed to define test for validity check on measurement results.
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