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Introduction
In RAN#89-e new WI [3], NR RRM further enhancement requirements for REL-17 is agreed. One of the objective of the WI is to specify requirements for HO with PSCell. The objective [3] related to HO with PSCell is described below for reference.
· 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 analyze 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. 

First objective in the scope of WI is determining the scenarios for which RRM requirements are to be specified. 
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

Our understanding of the scenarios are as following.
 
· From NR SA to EN-DC
· NR PCell is handed over to another LTE PCell and NR PSCell is added during HO. For this scenario in Rel-15, first NR PCell is handover to LTE PCell and later PSCell is added using another RRC reconfiguration. 
· With newly introduced HO with PSCell in Rel-16, PSCell is added during the HO itself. That means this HO involves HO of PCell and addition new PSCell at the same time. 
· from EN-DC to EN-DC 
· This handover is referred as Inter-MN HO with or without SN change in TS 37.340 and it is supported from Rel-15 onwards.
· Main steps involved in this handover are
· RRC reconfiguration message
· Random access procedure to PCell
· RRC connection reconfiguration complete to PCell
· Random access procedure to PSCell
· from NE-DC to NE-DC 
· This handover is referred as Inter-MN HO with or without SN change in TS 37.340 and it is supported from Rel-15 onwards. Only intra-RAT Inter-Master node handover is supported.
· Main steps involved in this handover are  
· RRC reconfiguration message
· Random access procedure to PCell
· RRC connection reconfiguration complete to PCell
· Random access procedure to PSCell
· from NR-DC to NR-DC 
· This handover is referred as Inter-MN HO with or without SN change in TS 37.340 and it is supported from Rel-15 onwards. Only intra-RAT Inter-Master node handover is supported.
· Main steps involved in this handover are  
· RRC reconfiguration message
· Random access procedure to PCell
· RRC connection reconfiguration complete to PCell
· Random access procedure to PSCell

We understand that Inter-RAT HO scenario of SA to EN-DC is newly added in Rel-16 because of deployment importance of the scenario, therefore we feel that RAN4 should define the requirements for this scenario. 
Intra-RAT HO scenarios (EN-DC to EN-DC, NE-DC to NE-DC and NR-DC to NR-DC) are supported from Rel-15 onwards in RAN2. Therefore we feel it is advantageous to define the requirements.

Based on the above analysis, defining requirements for these three scenarios are similar as steps involved are same.  Hence in our view RAN4 should define the requirements for all the three scenarios.
 
Proposal 1: RAN4 to introduce HO with PSCell requirements in all the four scenarios, i.e. for NR SA to EN-DC; for EN-DC to EN-DC; for NE-DC to NE-DC and for NR-DC to NR-DC. 

Though we propose to introduce requirements for all the four scenarios, it is beneficial to first agree on the principles for introducing requirements for NR SA to EN-DC scenario and later introduce the requirements using the agreed principles. 
In the next section we analyse the principles for introducing requirements for Inter-RAT HO from NR SA to EN-DC. 
Inter-RAT HO from NR SA to EN-DC
HO with PSCell starts when UE receive HO command from source cell and completes when UE sends PRACH to PSCell. Detail of messages/process involved are described below.
Similar to the other HO requirements, Inter-RAT HO delay requirements also categorised into two parts; 1) RRC procedure delay and 2) interruption due to HO execution. Combining these two components handover delay (Dhandover) can be represented as: 
Dhandover = TRRC_procedure_delay + Tinterrupt; where 
TRRC_procedure_delay: it is the RRC procedure delay, which is 16ms from clause 12 of TS 38.331.
Tinterrupt: is analysed below. 
Interruption requirement:
Interruption requirement involves mainly the following steps.
· Cell search 
· TA acquisition and application delay on PCell
· Delay uncertainty in acquiring PRACH resource
· Delay uncertainty in acquiring and applying TA command
· Delay uncertainty in acquiring resources to transmit RRC connection reconfiguration complete message on PCell
· Delay uncertainty acquiring first random access resource on PSCell

From the above steps, we can observe that interruption is the time between cell search (that means after the TRRC_procedure_delay from the end of the last TTI containing the RRC command on the NR PDSCH) and the time the UE starts transmission of the PRACH to NR PSCell. Similar to different HO types specified in TS 38.133, Inter-RAT HO with PSCell also can be represented using following equation. 
	Tinterrupt = Tsearch + TIU + Tprocessing + T∆ + Tmargin ms
Tsearch:
Inter-RAT HO from NR SA to EN-DC consists of search of two cells, which are LTE PCell and NR PSCell. UE may know both the cells or may not know both cells or may know one cell and may not know other cell. Search time shallconsider all the possible scenarios. Actual search time is FFS based on the scenarios agreed. 
Based on the above analysis we make following proposal.
Proposal 2: RAN4 to agree that Tsearch should consider all the four combination of PCell and PSCell known and unknown conditions; Actual Tsearch is FFS.
TIU:
Inter-RAT HO scenario of NR SA to EN-DC consists of the interruption uncertainty in acquiring the TA in the LTE PCell, interruption uncertainty in acquiring resources for RRC reconfiguration complete and acquiring the first available PRACH occasion in the NR PSCell. 
TIU for NR PSCell can be up to the summation of SSB to PRACH occasion association period and 10ms. SSB to PRACH occasion associated period is defined in the table 8.1-1 of TS 38.213 [3]. 
TIU for the LTE PCell is the interruption uncertainty in acquiring the first available PRACH occasion in the new cell. TIU can be up to 30 ms as per the existing delay requirements.
Based on the above analysis we make following proposal.
Proposal 3: RAN4 to agree that components that contribute to TIU delay are the TA acquisition delay in LTE PCell, delay uncertainty in acquiring resources for RRC connection Reconfiguration Complete message on LTE PCell and PRACH acquisition uncertainty delay in NR PSCell.
Tprocessing is the UE processing time. It can be 20ms or 40 ms depending on same FR or inter FR NR PSCell addition.
T∆ is time for fine time tracking and acquiring full timing information of the NR PSCell. Where T∆ = Trs. 
Trs is the SMTC periodicity of the target NR cell if the UE has been provided with an SMTC configuration for the target cell in the handover command. 
From the above analysis, we make following proposal.
Proposal 4:  Tprocessing is the UE processing time. It can be 20ms or 40 ms depending on same FR or inter FR NR PSCell addition; and T∆ is time for fine time tracking and acquiring full timing information of the NR PSCell. Where T∆ = Trs. 
  
1. Conclusion
In this contribution, we have discussed requirements for HO with PSCell and made the following proposals:
Proposal 1: RAN4 to introduce HO with PSCell requirements in all the four scenarios, i.e. for NR SA to EN-DC; for EN-DC to EN-DC; for NE-DC to NE-DC and for NR-DC to NR-DC. 

Proposal 2: RAN4 to agree that Tsearch should consider all the four combination of PCell and PSCell known and unknown conditions; Actual Tsearch is FFS.

Proposal 3: RAN4 to agree that components that contribute to TIU delay are the TA acquisition delay in LTE PCell, delay uncertainty in acquiring resources for RRC connection Reconfiguration Complete message on LTE PCell and PRACH acquisition uncertainty delay in NR PSCell.

Proposal 4:  Tprocessing is the UE processing time. It can be 20ms or 40 ms depending on same FR or inter FR NR PSCell addition; and T∆ is time for fine time tracking and acquiring full timing information of the NR PSCell. Where T∆ = Trs. 
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