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1 Introduction
According to agreement of Rel-17 Work plan, HO with PSCell related requirement will be specified:
	(1) HO with PSCell [RAN4]
· Determine the scenarios for HO with PSCell for which RRM requirements are to be specified
· from NR SA to EN-DC
· from EN-DC to EN-DC
· from NE-DC to NE-DC
· from NR-DC to NR-DC
· Study the UE behavior for HO with PSCell
· Existing requirements for HO and PSCell addition as baseline
· Timeline and interaction between HO and PSCell addition
·  Specify RRM requirements for HO with PSCell based on agreed UE behavior


In this contribution, we will provide our views.
2 UE behaviour for HO with PSCell in NR-DC to NR-DC
Here, we first analyze the UE behavior for HO with PSCell in NR-DC to NR-DC case.
The delay for NR handover is :
THO_delay = TRRC_delay + Tsearch + Tprocessing +TIU +  T∆ + Tmargin ms
The delay for PSCell addtiton:
Tconfig_PSCell = TRRC_delay + Tsearch + Tprocessing + TPSCell_ DU + T∆ + 2 ms
From the above two equations, the most components for PCell and PSCell are identical. When UE performs HO with PSCell, besides the change of PCell, UE also needs to add the NR PSCell, so the procedure includes both HO and PSCell addition. The total delay depends on if target is known and whether some of the procedures about PCell and PSCell can be processed in parallel. 
TRRC_delay
TRRC_delay is the RRC procedure delay as specified in TS 38.331. One RRC commend can include HO with PSCell, therefore, TRRC_delay can be processed one time.
Tsearch
Tsearch is the time required to search the target cell. Suppose Tsearch_PCell and Tsearch_PSCell are the time required to search the target PCell and PSCell respectively. if target cell is known, cell search can be skipped. If target cell is unknown, whether cell search can be applied simultaneously for both PCell and PSCell depends on the NR-DC configuration. If PCell and PSCell are in different FR, then UE can perform cell search for PCell and PSCell independently as different searcher are assumed for FR1 and FR2. If they are in the same FR,  whether cell search can be applied simultaneously for both PCell and PSCell depends on UE implementation, some scaling factor may be considered.
Proposal 1: For HO with PSCell from NR-DC to NR-DC, if target PCell and PSCell are in different FR, cell search can be performed independently as different searcher for FR1 and FR2 are assumed. If target PCell and PSCell are in the same FR, scaling factor may be considered.
T∆
T∆ is time for fine time tracking and acquiring full timing information of the target cell. If PSCell is not changed, the cell ID didn’t change. No timing tracking for PSCell is needed. T∆_PSCell for PSCell  is 0. If PSCell is changed, similar with cell search time, the total time tracking will be performed independently or partially overlapped for PCell and PSCell. 
Proposal 2: For HO with PSCell from NR-DC to NR-DC, if PSCell is not changed, no timing tracking for PSCell is needed. if PSCell is changed, timing tracking for PSCell is needed, scaling factor may be considered.
Tprocessing
Tprocessing is the SW processing time needed by UE, including RF warm up period. It can be split into software(SW) processing time (Tprocessing_SW) and RF warm up time(Tprocessing_RF). 
UE SW processing of PSCell can be processed in parallel with that of PCell handover. Some extension may also be needed depends on the UE implementation. Therefore, Tprocessing is Tprocessing_SW, which equals to [20]ms. The exact number can be further discussed.
Currently in RAN4, the main scenario for NR-DC are FR1+FR1,FR1+FR2, FR2+FR2. For FR1+FR1 case, if PCell handover from FR1 to FR1, no RF warm up time is needed. if PSCell changed from FR1 to FR1 or from FR2 to FR2, no RF warm up time is needed. if PSCell is changed across different FR, extra RF timing =20ms is needed. therefore,  Tprocessing_RF will depend on different scenarios. 
Proposal 3: For HO with PSCell from NR-DC to NR-DC,  Tprocessing can be split into software processing (Tprocessing_SW) and RF warm up time(Tprocessing_RF). Tprocessing_SW=[20]ms needs further discussion if some extension is needed. Tprocessing_RF will be dependent on different scenarios, i.e. whether PCell or PSCell change across FRs. 
TIU and TPSCell_ DU  
TIU and TPSCell_ DU  are the interruption uncertainty in acquiring the first available PRACH occasion in the PCell and PSCell. The uncertainty in acquiring the first available PRACH occasion in the PCell and PSCell will be max(TIU, TPSCell_ DU ). 
Proposal 4: For HO with PSCell from NR-DC to NR-DC, the uncertainty in acquiring the first available PRACH occasion in the PCell and PSCell will be max(TIU, TPSCell_ DU ). 
Tmargin
Tmargin is time for SSB post-processing. Tmargin can be up to 2ms. Tmargin to can be considered independently for PCell and PSCell either. If PSCell is not changed, Tmargin_PSCell for PSCell  is 0. 
3 UE behaviour for HO with PSCell from NR SA to EN-DC
PCell handover from NR to E-UTRAN:
THO_delay = TRRC_delay + Tsearch + TIU + 20 ms
NR PSCell addition in E-UTRAN:
Tconfig_PSCell = TRRC_delay + Tprocessing + Tsearch + T∆ + TPSCell_ DU + 2 ms
From NR to EN-DC case, NR PCell will change to PSCell in E-TURAN. 
TRRC_delay
One RRC commend can include HO with PSCell, therefore, TRRC_delay can be processed one time.
Tsearch and T∆
Since PSCell is already known, Tsearch and T∆ for PSCell can be skipped. 
Proposal 5: For HO with PSCell from NR SA to EN-DC,  Tsearch and T∆ for PSCell can be skipped.
Tprocessing
It’s also possible to split Tprocessing  into two parts. SW processing and RF warm up. In this case, NR PCell will change to PSCell in E-TURAN, the RF warm up time for PSCell is not needed. For E-URTAN, there is no RF warming up time. similar with NR-DC to NR-DC case, UE SW processing of PSCell can be processed in parallel with that of PCell handover. Some extension may also be needed depends on the UE implementation. Therefore, Tprocessing is Tprocessing_SW, which equals to [20]ms. The exact number can be further discussed.
Proposal 6: For HO with PSCell from NR SA to EN-DC,  Tprocessing only includes software processing time (Tprocessing_SW). Tprocessing_SW=[20]ms needs further discussion if some extension is needed. 
TIU and TPSCell_ DU  
TIU and TPSCell_ DU  are the interruption uncertainty in acquiring the first available PRACH occasion in the PCell and PSCell. The uncertainty in acquiring the first available PRACH occasion in the PCell and PSCell will be max(TIU, TPSCell_ DU ). 


4 Conclusion
In this contribution, we provide our views regarding the HO with PSCell:
Proposal 1: For HO with PSCell from NR-DC to NR-DC, if target PCell and PSCell are in different FR, cell search can be performed independently as different searcher for FR1 and FR2 are assumed. If target PCell and PSCell are in the same FR, scaling factor may be considered.
Proposal 2: For HO with PSCell from NR-DC to NR-DC, if PSCell is not changed, no timing tracking for PSCell is needed. if PSCell is changed, timing tracking for PSCell is needed, scaling factor may be considered.
Proposal 3: For HO with PSCell from NR-DC to NR-DC,  Tprocessing can be split into software processing (Tprocessing_SW) and RF warm up time(Tprocessing_RF). Tprocessing_SW=[20]ms needs further discussion if some extension is needed. Tprocessing_RF will be dependent on different scenarios, i.e. whether PCell or PSCell change across FRs. 
[bookmark: _GoBack]Proposal 4: For HO with PSCell from NR-DC to NR-DC, the uncertainty in acquiring the first available PRACH occasion in the PCell and PSCell will be max(TIU, TPSCell_ DU ). 
Proposal 5: For HO with PSCell from NR SA to EN-DC,  Tsearch and T∆ for PSCell can be skipped.
Proposal 6: For HO with PSCell from NR SA to EN-DC,  Tprocessing only includes software processing time (Tprocessing_SW). Tprocessing_SW=[20]ms needs further discussion if some extension is needed. 
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