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Introduction
RAN plenary #89-e meeting approved the RAN4 led work item of REL-17 NR RRM further enhancement. In the WID [1], the work scope for HO with PSCell has been provided:
1. Determine the scenarios for HO with PSCell for which RRM requirements are to be specified
a) from NR SA to EN-DC 
b) from EN-DC to EN-DC 
c) from NE-DC to NE-DC 
d) from NR-DC to NR-DC 
2. Study the UE behavior for HO with PSCell
a) Existing requirements for HO and PSCell addition as baseline
b) Timeline and interaction between HO and PSCell addition
3. Specify RRM requirements for HO with PSCell based on agreed UE behavior
This paper aims to share our views on the applicable NR handover scenarios for MCG with SCG to be added or changed. Further, our understanding of the call flow of such handovers will be discussed to provide initial inputs to specifying the core requirements. 
Discussions
5G NR handover is defined for PCell reconfigured from one serving cell to another neighbor cell under the control by the network and assisted by the UE. Since the PCell could be in LTE or NR, the HO can be LTEtoLTE, NRtoNR or IRAT type and depending on the band/frequency, it can further be derived as intra/inter band or intra/inter frequency. Existing specification of 38.133 has specified the requirements in terms of the delay and interruption in various sections for PCell HO, e.g. section 6.1.1 NR handover for NR2NR [2]. 
On the other hand, in the context of DC, SCG could be added or reconfigured via PSCell addition or PSCell change. Existing NR RAN4 spec has defined the requirements for PSCell addition for ENDC and NRDC in section 8.8.2 and 8.9.2 [2] respectively. And requirements of PSCell change are captured in section 8.11 [2]. These requirements for PSCell, in our opinion, donot address the specifics during PCell HO, i.e. PCell is assumed to remain the same. 
Observation1: Existing NR RAN4 requirements are defined for PCell HO and PSCell addition/change separately. PCell remains the same during PSCell change.
However, it is possible PCell HO involves the change in PSCell or addition of a new PSCell. To do so, there could be two approaches.
1. Fig.1 shows the sequential approach in the example of NRSA to ENDC, where PCell undergoes NRtoLTE handover and PSCell is added in NR next. This approach should be supported by UEs by default as it is consisted of two steps, i.e., PCell handover followed by PScell addition. As pointed out in Obervation1, existing RAN4 spec can be referred for the requirements for step1 and step2 respectively.


Figure 1 Sequential PCell HO w/ PSCell ADD
2. According to RAN2 LS[3], Rel16 has introduced NRSA to ENDC handover which, in our understanding as shown in fig.2, allows concurrent cell changes for both PCell and PSCell in parallel and the requirements shall be further discussed in RAN4 for this work item.


Figure 2 Concurrent PCell HO and PSCell ADD
Observation2: Rel16 PCell HO with PSCell change features concurrent PCell HO and PSCell addition/change.
Given the scenario in observation2, it is necessary for UE to handle a parallel processing of the PCell HO and PSCell change/addition and coordinate the SW and HW resources for finishing the tasks of RRC procedure, searcher, loops and RACH etc. Due to different UE architectures and implementation considerations, some of the required resources are shared or constrained which results in a longer interruption than the time for individually performing PCell HO, or PSCell add. Such a cost shall be factored in the baseline performance of for both PCell HO and PSCell add if assuming the same start and end conditions as when UE receives the RRC message and when UE transmits the new uplink PRACH channel. 
Proposal1: During HO with PSCell involvement, the start and end conditions for defining the handover/cell change delay are the same as existing RAN4 requirements, i.e. HO starts when RRC message is received and HO ends when UE transmits PRACH in the uplink.
Compared to the standalone PCell HO requirements in 6.1.1.2[2], joint HO w/PSCell implies longer HO delay as following,
Dhandover = TRRC_delay + Tinterrupt + TFFS ms
Similarly, longer PSCell addition/change delay as below relative to 8.9.2[2], 
Tconfig_PSCell  = TRRC_delay + Tprocessing + Tsearch + T∆ + TPSCell_DU + 2 + TFFS ms  
Proposal2: Joint/concurrent PCell HO with PSCell takes [TFFS]ms longer in the timelines of both PCell and PScell than performing standalone PCell HO task or standalone PSCell add/change.
Proposal2.1: As a starting point for discussion, TFFS may be chosen as 10ms. RAN4 can further discuss if TFFS shall be adjusted differently in various scenarios.
Conclusions
In this paper, we shared the views on considerations and assumptions for specifying the requirements of HO w/ PSCell. Due to the concurrency of PCell and PSCell processing, extra time is needed in the handover delay, which shall be further discussed and aligned within RAN4. 
Observation1: Existing NR RAN4 requirements are defined for PCell HO and PSCell addition/change separately. PCell remains the same during PSCell change.
Observation2: Rel16 PCell HO with PSCell change features concurrent PCell HO and PSCell addition/change.
Proposal1: During HO with PSCell, the start and end conditions for defining the handover/cell change delay are the same as existing RAN4 requirements, i.e. HO starts when RRC message is received and HO ends when UE transmits PRACH in the uplink.
Proposal2: Joint/concurrent PCell HO with PSCell change/add takes [TFFS]ms longer in the timelines of both PCell and PScell than performing standalone PCell HO task or standalone PSCell add/change.
Proposal2.1: As a starting point for discussion, TFFS may be chosen as 10ms. RAN4 can further discuss if TFFS shall be adjusted differently in various scenarios.
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