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1. Introduction

In the last meeting, there is discussion on HO with PSCell and a WF was agreed [1]. This contribution provides further discussion on this topic.
2. Discussion 
2.1 Scenarios for RRM requirement of HO with PSCell
In RAN4 #98-e meeting, it was agreed that RAN4 specifies RRM requirement for HO with PSCell for the scenarios including from NR SA to EN-DC, from EN-DC to EN-DC, from NE-DC to NE-DC, and from NR-DC to NR-DC. In last meeting, the discussion focuses on whether other scenarios, e.g. from NR SA to NE-DC, from NR SA to NR-DC and from LTE SA to EN-DC will be considered or not.

On one hand, depending on the deployment, operators have the potential HO scenario, e.g. HO from NR SA to NE-DC, HO from NR SA to NR-DC and HO from LTE SA to EN-DC, it would be better to specify the HO requirements to guarantee the performance. On the other hand, we notice that these new scenarios are not listed in the WID [2]. However, the HO requirements will be specified in a generic framework, if no significant impact on RAN4 workload, we support to update the WID to include these new scenarios on HO with PSCell.
Proposal 1: for HO with PSCell, except the agreed scenario including HO from NR SA to EN-DC, HO from EN-DC to EN-DC, HO from NE-DC to NE-DC and HO from NR-DC to NR-DC, it is proposed to include the new scenarios of HO from NR SA to NE-DC, HO from NR SA to NR-DC and HO from LTE SA to EN-DC.
2.2 NR-DC mode in HO with PSCell
According to the discussion in the last meeting, common understanding is that FR1+FR2 NR-DC for HO with PSCell from NR-DC to NR-DC will be supported. Companies have different understanding on whether to support FR1+FR1 NR-DC for HO with PSCell from NR-DC to NR-DC. The proponent of FR1+FR1 NR-DC is that FR1+FR1 NR-DC supported in RF in R16, and FR1+FR1 is a very useful scenario, it is better to support this scenario. While other companies have concern to include this scenario for HO with PSCell, the reason is that baseline requirement for PSCell addition of FR1+FR1 DC is absent. Taking both opinions into account, we think option 2A is a good way to move forward, which is supporting FR1+FR1 NR-DC for HO with PSCell from NR-DC to NR-DC, and the baseline PSCell addition requirement for FR1+FR1 NR-DC would be discussed in TEI16.

Proposal 2: supporting FR1+FR2 NR-DC and FR1+FR1 NR-DC for HO with PSCell from NR-DC to NR-DC, and the baseline PSCell addition requirement for FR1+FR1 NR-DC would be discussed in TEI16.   
2.3 RRC processing delay for HO with PSCell
According to RAN2 reply LS [2], the RRC procedure delay for HO with PSCell are summarized as following， which can be used to specify the delay requirements for HO with PSCell.
	Scenario
	Source PCell
	Target PCell
	Target PSCell
	RRC procedure delay for HO with PSCell

	NR SA to EN-DC
	NR (incl. FR1 and FR2)
	LTE
	NR (incl. FR1 and FR2)
	[50ms]

	EN-DC to EN-DC
	LTE
	LTE
	NR (incl. FR1 and FR2)
	20ms

	NE-DC to NE-DC
	NR FR1
	NR FR1
	LTE
	16ms

	NR-DC to NR-DC
	NR FR1
	NR FR1
	NR FR2
	16ms


Proposal 3: RRC processing delay for HO with PSCell is specified as above table according to RAN2 reply LS
2.4 Ending point of the delay requirement for HO with PSCell
The ending point for legacy HO is the transmission of the new uplink PRACH to the new PCell. The ending point for legacy PSCell addition is transmitting PRACH preamble towards PSCell. While for HO with PSCell, it is related with whether there is restriction that RACH processing is performed in a sequential order (RACH procedure of PSCell will happen after the RACH procedure of PCell), which depends on the feedback from RAN2.
Proposal 4: the ending point is related with whether RACH processing is performed in a sequential order or in a parallel order, and can be further discussed after we get the feedback from RAN2.
2.5 Delay requirements for HO with PSCell
Delay requirements is related with the timeline assumption. In our understanding, the motivation to introduce HO with PSCell is to reduce the delay compared with legacy mechanism of configuring HO and PSCell addition separately. If sequential way is assumed, the benefit of introducing HO with PSCell is lost. Based on this understanding, parallel way is preferred. As for RACH processing is performed in a sequential order or not, it depend on the RAN2 reply, we can have further discussion once we get feedback from RAN2.
Proposal 5: for HO with PSCell, it is proposed to consider parallel way to perform HO and PSCell addition except RACH processing, as for whether RACH processing can be performed in parallel or not, it depends on RAN2 reply and can be further discussed.

Handover with PSCell compromises handover and PSCell addition. Handover delay equals applicable RRC procedure delay plus the interruption time. The interruption time includes the time for searching of the target cell, fine time tracking, UE processing, interruption uncertainty in acquiring the first available PRACH occasion, etc. PSCell addition delay includes RRC procedure delay, SW processing time, the time for searching of the target cell, fine time tracking, UE processing, interruption uncertainty in acquiring the first available PRACH occasion, etc.

PSCell addition delay= TRRC_delay + Tprocessing + Tsearch + T∆ + TPSCell_ DU + 2 ms  

HO delay = TRRC_delay +Tinterrupt = TRRC_delay +Tsearch + TIU + Tprocessing  + T∆ + Tmargin ms
Since parallel way is assumed, the delay requirements for HO with PSCell is the maximum one between HO delay and PSCell addition delay.
Proposal 6: delay for HO with PSCell is maximum (PSCell addition delay, HO delay) 
· PSCell addition delay= TRRC_delay + Tprocessing + Tsearch + T∆ + TPSCell_ DU + 2 ms  

· HO delay = TRRC_delay +Tinterrupt = TRRC_delay +Tsearch + TIU + Tprocessing  + T∆ + Tmargin ms
3. Conclusion
This contribution provides discussion on HO with PSCell. The proposals are:
Proposal 1: for HO with PSCell, except the agreed scenario including HO from NR SA to EN-DC, HO from EN-DC to EN-DC, HO from NE-DC to NE-DC and HO from NR-DC to NR-DC, it is proposed to include the following new scenarios: 
· HO from NR SA to NE-DC
· HO from NR SA to NR-DC 
· HO from LTE SA to EN-DC

Proposal 2: supporting FR1+FR2 NR-DC and FR1+FR1 NR-DC for HO with PSCell from NR-DC to NR-DC, and the baseline PSCell addition requirement for FR1+FR1 NR-DC would be discussed in TEI16.   

Proposal 3: RRC processing delay for HO with PSCell is specified as following table according to RAN2 reply LS.
	Scenario
	Source PCell
	Target PCell
	Target PSCell
	RRC procedure delay for HO with PSCell

	NR SA to EN-DC
	NR (incl. FR1 and FR2)
	LTE
	NR (incl. FR1 and FR2)
	[50ms]

	EN-DC to EN-DC
	LTE
	LTE
	NR (incl. FR1 and FR2)
	20ms

	NE-DC to NE-DC
	NR FR1
	NR FR1
	LTE
	16ms

	NR-DC to NR-DC
	NR FR1
	NR FR1
	NR FR2
	16ms


Proposal 4: the ending point is related with whether RACH processing is performed in a sequential order or in a parallel order, and can be further discussed after we get the feedback from RAN2.
Proposal 5: for HO with PSCell, it is proposed to consider parallel way to perform HO and PSCell addition except RACH processing, as for whether RACH processing can be performed in parallel or not, it depends on RAN2 reply and can be further discussed.

Proposal 6: delay for HO with PSCell is maximum (PSCell addition delay, HO delay) 
· PSCell addition delay= TRRC_delay + Tprocessing + Tsearch + T∆ + TPSCell_ DU + 2 ms  

· HO delay = TRRC_delay +Tinterrupt = TRRC_delay +Tsearch + TIU + Tprocessing  + T∆ + Tmargin ms
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