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	Introduction
In RAN4#98-bis-e meeting, HO with PSCell requirements are discussed. In last meeting, open issues in defining the requirements are agreed as the WF [3].
 In this contribution we provide our views on the requirements for HO with PSCell.
	Discussion
When a UE moving from NR SA coverage to NR NSA coverage, in Rel-15, UE performs handover of PCell first and later immediately after handover completion or at a later stage, PSCell is added. This procedure involves longer delay and more control overhead. To solve this aspect in Rel-16 RAN2 agreed to introduce inter-RAT HO from NR SA to EN-DC system. Inter-RAT HO of NR SA to EN-DC facilitates, HO from NR cell to LTE cell and addition of PSCell at the same. 

In the last meeting following three options are discussed regarding the scenarios for which requirements are to be defined. 
· Scenarios for RRM requirement of HO with PSCell 
· Option 1: RAN4 specifies RRM requirement for HO with PSCell for following scenarios:
· from NR SA to EN-DC
· from EN-DC to EN-DC
· from NE-DC to NE-DC
· from NR-DC to NR-DC
· Option 2: RAN4 specifies RRM requirement for HO with PSCell for following scenarios:
· from NR SA to EN-DC
· from EN-DC to EN-DC
· from NE-DC to NE-DC
· from NR-DC to NR-DC
· from NR SA to NE-DC (newly added)
· from NR SA to NR-DC (newly added)
· from LTE SA to EN-DC (newly added)
· Option 3: RAN4 specifies RRM requirement for HO with PSCell for following scenarios:
· from NR SA to EN-DC
· from EN-DC to EN-DC
· from NE-DC to NE-DC
· from NR-DC to NR-DC
And RAN4 to clarify whether requirements from LTE-SA to EN-DC and from NR-SA to NR-DC are needed 

In last meeting total 7 scenarios (NR SA to EN-DC, EN-DC to EN-DC, NE-DC to NE-DC, NR-DC to NR-DC, NR SA to NE-DC, NR SA to NR-DC, and LTE SA to EN-DC) are under discussion for defining the requirements. Among the 7 scenarios considered, companies agreed to introduce the requirements for NR SA to EN-DC, EN-DC to EN-DC, NE-DC to NE-DC and NR-DC to NR-DC and there was no consensus for introducing the requirements for remaining three scenarios. One reason some companies argued for not introducing the requirements for the remaining scenarios is the rest of the scenarios are not part of the WID. We have slightly different view regarding this. The framework to define the requirements for all the scenarios of HO with PSCell are the same and there is no additional work load on RAN4 to define the requirements. Though these scenarios are not explicitly included in the WID, these are most commonly used scenarios at least during the initial phase of NR deployment. Due to this we feel that defining requirements for these scenarios are helpful.

Proposal 1: RAN4 to consider defining requirements for NR SA to NE-DC, NR SA to NR-DC and LTE SA to EN-DC. 

Other aspect is what DC mode of operation to be supported for requirements definition of NR-DC and NE-DC. Following frequency modes of operation were discussed.  
· FR1+FR2 NR-DC
· FR1+FR1 NR-DC
· FR1+LTE NE-DC
· FR2+LTE NE-DC 

In our understanding, all these four scenarios are supported and first three scenarios may be more common and frequently used scenarios. We don’t think FR2+LTE is more common scenario hence we feel it may not be required to define requirements with priority in Rel-17 for that mode. Based on this analysis we make following proposal. 

Proposal 2: RAN4 to consider FR1+FR1 mode, FR1+FR2 mode for HO with PSCell from NR-DC to NR-DC and FR1+LTE mode for HO with PSCell from NE-DC to NE-DC.
	Delay requirement design 
HO with PSCell is a combination of two procedures done with single RRC message. The two procedures are PCell handover and PSCell addition. Similar to the legacy HO requirements defined in TS 38.133, steps involved for HO with PSCell can be categorised into two parts; 1) RRC processing delay and 2) interruption due to HO with PSCell execution. 
RRC processing delay: RAN2 sent reply LS to RAN4 in R2-2104580. RAN2 reply of the RRC processing delay is captured below. RAN2 requested RAN4 to take the final call on RRC processing delay for the scenario of NR SA to EN-DC. 
	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



From TS 38.133, RRC processing delay for NR to EUTRAN HO is 50ms. In our understanding HO with PSCell shall not take more time than the 50ms. Hence in our view, RRC processing delay can be 50ms.
Proposal 3:  RAN4 to confirm 50ms as RRC processing delay for NR SA to EN-DC scenario.

Interruption due to HO with PSCell execution:
Similar to legacy HO specified in TS 38.133, interruption due to HO with PSCell execution can also be represented using the following equation. 
	Tinterrupt = Tsearch + TIU + Tprocessing + T∆ + Tmargin ms
Main controversial discussion for this topic is how the components/process involved in interruption requirement are performed in time domain (whether these are performed in parallel or in sequential). RAN4 sent a LS to RAN2 regarding the RACH procedure sequence on the PCell and PSCell. While RAN4 wait for RAN2 response regarding the RACH procedure sequence on PCell and PSCell, RAN4 can look at whether other process can be performed in serial or parallel. 

Since HO with PSCell execution comprises of HO with PCell and PSCell addition, we discuss in this section whether these steps can be performed in parallel or in sequence.   
Tsearch:
In last meeting RAN4 agreed that cell search will consider following four combinations.
· Known target Pcell + Known target PSCell
· Known target Pcell + Unknown target PSCell
· Unknown target Pcell + Known target PSCell
· Unknown target Pcell + Unknown target PSCell
Based on the target DC configuration (EN-DC or NE-DC or NR-DC) and further mode of operation such as LTE+FR1 or FR1+LTE or  FR1+FR1 or FR1+FR2, cell search may be performed in parallel or in sequence. 
Since UE is assumed to be capable of supporting DC with simultaeous connectivity to different RAT and different FR, cell search can be assumed to be parallel process. 
Proposal 4: RAN4 to agree that cell search is performed in parallel for HO with PSCell.
TIU:
TIU for legacy HO is the interruption uncertainty in acquiring the first available PRACH occasion in the target cell. In HO with PSCell, the PRACH has to be performed on two cells, which is PCell and PSCell. There was different understanding among companies about the sequence of RACH procedure on these two cells. To clarify the same, RAN4 sent LS to RAN2 requesting for the RAN2 view/any possible restriction from RAN2 point of view. RAN4 can revisit this issue after receiving reply LS from RAN 2.
Proposal 5:  RAN4 to postpone the discussion on interruption uncertainty (TIU) till reply LS from RAN2 is received. 
Tprocessing is the UE processing time. In our view, UE can process PCell HO and PSCell addition in parallel. Hence Tprocessing is the maximum processing time for PCell HO and PSCell addition. 
T∆ is time for fine time tracking and acquiring full timing information of the PCell and PSCell and this can be performed in parallel.
From the above analysis, we make following proposal.
Proposal 6:  Tprocessing is the UE processing time. Tprocessing is the maximum value of PCell HO and PSCell addition; and T∆ is time for fine time tracking and acquiring full timing information of the PCell and PSCell and it can be performed parallel. 
  	RACH considerations
In last meeting it was discussed whether the requirements for 2 step and 4 step RACH for HO with PSCell shall be considered or not. Our view is that since HO with PSCell main purpose is to reduce the overall handover delay and PSCell addition delay, we feel that both 2-step and 4-step RACH requirements shall be defined for HO with PSCell.  
Proposal 7: RAN4 to define both 2-step and 4-step RACH requirements for handover with PSCell.
1. Conclusion
In this contribution, we have discussed requirements for HO with PSCell and made the following proposals:
Proposal 1: RAN4 to consider defining requirements for NR SA to NE-DC, NR SA to NR-DC and LTE SA to EN-DC. 

Proposal 2: RAN4 to consider FR1+FR1 mode, FR1+FR2 mode for HO with PSCell from NR-DC to NR-DC and FR1+LTE mode for HO with PSCell from NE-DC to NE-DC.

Proposal 3:  RAN4 to confirm 50ms as RRC processing delay for NR SA to EN-DC scenario.
Proposal 4: RAN4 to agree that cell search is performed in parallel for HO with PSCell.
Proposal 5:  RAN4 to postpone the discussion on interruption uncertainty (TIU) till reply LS from RAN2 is received. 
Proposal 6:  Tprocessing is the UE processing time. Tprocessing is the maximum value of PCell HO and PSCell addition; and T∆ is time for fine time tracking and acquiring full timing information of the PCell and PSCell and it can be performed parallel.  
Proposal 7: RAN4 to define both 2-step and 4-step RACH requirements for handover with PSCell.
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