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[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
The existing PSCell change delay requirement is accounting for actions that do not need to be carried out by a UE when source and target PSCell is in the same FR. Hence the requirement as stated is more relaxed than necessary. 
In this contribution we are providing justifications for modifying the requirement in the specification text.
Discussion
The existing PSCell change delay requirement in 3GPP TS 38.133 clause 8.11 is as follows:

This clause defines requirements for the delay within which the UE shall be able to change PSCell to other SCell in EN-DC or NR-DC. The requirements in this clause are applicable to EN-DC and NR-DC. The requirements for PSCell Addition delay in clause 8.9.2 shall apply.

The referred requirement in 3GPP TS 38.133 clause 8.9.2 (PSCell addition) is stated as follows:

[bookmark: _Hlk18514597]The requirements in this clause shall apply for the UE configured with only PCell in FR1.
Upon receiving PSCell addition in subframe n, the UE shall be capable to transmit PRACH preamble towards PSCell in FR2 no later than in subframe n + Tconfig_PSCell:
Where:
	Tconfig_PSCell = TRRC_delay + Tprocessing + Tsearch + T∆ + TPSCell_ DU + 2 ms
	TRRC_delay is the RRC procedure delay as specified in TS 38.331 [2].
	Tprocessing is the SW processing time needed by UE, including RF warm up period. Tprocessing = 40 ms.
[…]
The PSCell addition requirement in clause 8.9.2 allows for a SW processing and RF warm-up period amounting to Tprocessing = 40 ms. The requirement is accounting for a situation where the UE does not previously have any serving cell in the concerned FR, and suddenly gets a PSCell added by the network, by which the UE needs to load and configure SW for communication in the PSCell.
PSCell change implies that the UE already is having a PSCell before changing to a new one, hence in that sense NR handover requirements may be more relevant than PSCell addition for serving as baseline for PSCell change delay requirements.
The NR handover interruption requirements are as follows for NR handover between source and target PCells in FR1 – FR1, FR2 – FR1, FR2 – FR2, and FR2 – FR1, respectively:  
NR FR1 – FR1 Handover, Interruption time, 3GPP TS 38.133 clause 6.1.1.2.2:
	[…]
Tinterrupt = Tsearch + TIU + Tprocessing  + T∆ + Tmargin ms
Where:
Tsearch is the time required to search the target cell when the target cell is not already known when the handover command is received by the UE. If the target cell is known, then Tsearch = 0 ms. If the target cell is an unknown intra-frequency cell and the target cell Es/Iot≥[-2] dB, then Tsearch = Trs  ms. If the target cell is an unknown inter-frequency cell and the target cell Es/Iot≥[-2] dB, then Tsearch = 3* Trs ms. Regardless of whether DRX is in use by the UE, Tsearch shall still be based on non-DRX target cell search times.
T∆ is time for fine time tracking and acquiring full timing information of the target cell. T∆ = Trs.
Tprocessing is time for UE processing. Tprocessing can be up to 20ms.
	[…]
NR FR2 – FR1 Handover, Interruption time , 3GPP TS 38.133 clause 6.1.1.3.2:
[…]
Tinterrupt = Tsearch + TIU + Tprocessing + T∆ + Tmargin ms
Where:
Tsearch is the time required to search the target cell when the target cell is not already known when the handover command is received by the UE. If the target cell is known, then Tsearch = 0 ms. If the target cell is an unknown inter-frequency cell and the target cell Es/Iot≥[-2] dB, then Tsearch = 3* Trs ms. Regardless of whether DRX is in use by the UE, Tsearch shall still be based on non-DRX target cell search times.
T∆ is time for fine time tracking and acquiring full timing information of the target cell. T∆ = Trs.
Tprocessing is time for UE processing. Tprocessing can be up to 40ms.
	[…]
NR FR2 – FR2 Handover, Interruption time, 3GPP TS 38.133 clause 6.1.1.4.2:
[…]
Tinterrupt = Tsearch + TIU + Tprocessing + T∆ + Tmargin ms
Where:
Tsearch is the time required to search the target cell when the handover command is received by the UE. If the target cell is a known cell, then Tsearch = 0 ms. If the target cell is an unknown intra-frequency cell and the target cell Es/Iot≥[-2] dB, then Tsearch = 8* Trs  ms. If the target cell is an unknown inter-frequency cell and the target cell Es/Iot≥[-2] dB, then Tsearch = 8*3* Trs  ms. Regardless of whether DRX is in use by the UE, Tsearch shall still be based on non-DRX target cell search times.
Tprocessing is time for UE processing. Tprocessing can be up to 20ms.
[…]
NR FR1 – FR2 Handover, Interruption time, 3GPP TS 38.133 clause 6.1.1.5.2:
[…]
Tinterrupt = Tsearch + TIU + Tprocessing + T∆ + Tmargin ms
Where:
Tsearch is the time required to search the target cell when the handover command is received by the UE. If the target cell is a known cell, then Tsearch = 0 ms. . If the target cell is an unknown inter-frequency cell and the target cell Es/Iot≥[-2] dB, then Tsearch = 8*3* Trs ms. Regardless of whether DRX is in use by the UE, Tsearch shall still be based on non-DRX target cell search times.
Tprocessing is time for UE processing. Tprocessing can be up 40ms.
[…]
From the handover interruption requirements above it is apparent that when changing PCell from one cell to another within the same FR (i.e. FR1 – FR1 or FR2 – FR2), the UE only needs Tprocessing = 20ms for SW and RF processing time, whereas when changing PCell between source and target cells in different FRs (i.e. FR1 – FR2, FR2 – FR1), the UE needs Tprocessing = 40ms SW and RF processing time.
Observation 1: In NR handover interruption requirements, the UE needs Tprocessing = 20ms when source and target cells are in the same FR, and Tprocessing = 40ms when source and target cells are in different FRs.
In our view, the same can be anticipated for PSCell change: If a PSCell change is carried out between cells in the same FR, less time will be needed for SW and RF processing than if a PSCell change is carried out between cells in different FRs. Moreover, in our view, preparing the UE for a PSCell change does not require more resources or processing time than preparing the UE for a PCell change, i.e., handover. Consequently we would like to tighten the requirements for PSCell change between cells in the same FR. We propose to change the PSCell change delay requirement into the following:
This clause defines requirements for the delay within which the UE shall be able to change PSCell to other SCell in EN-DC or NR-DC. The requirements in this clause are applicable to EN-DC and NR-DC. 
Upon receiving PSCell change in subframe n, the UE shall be capable of transmitting PRACH preamble towards the target PSCell no later than in subframe n + Tchange_PSCell, where:
Tchange_PSCell = TRRC_delay + Tprocessing + Tsearch + T∆ + TPSCell_ DU + 2 ms,
TRRC_delay, Tsearch, T∆, and TPSCell_ DU are defined in clause 8.9.2, and
Tprocessing is the SW processing time and RF warm-up period needed by UE. Tprocessing = 20 ms when source and target cells are in the same FR.
The target PSCell is known if it has been meeting the conditions in clause 8.9.2.
The PCell interruption specified in clause 8.2 is allowed only during the RRC reconfiguration procedure [2].
Hence we make the following proposal:
Proposal 1: 	The PSCell change delay requirement shall be modified such that it is reflected that no SW re-loading is needed when source and target cells are within the same FR. Following the NR handover interruption requirements, this implies that in the PSCell change requirement, Tprocessing = 20 ms rather than Tprocessing = 40 ms shall be used.
Summary and Conclusion
In this contribution we have provided justifications for corrections of the PSCell change delay requirement regarding the time needed for SW and RF processing when chaning between source and target PSCell. The following observation and proposal were made:
Observation 1: In NR handover interruption requirements, the UE needs Tprocessing = 20ms when source and target cells are in the same FR, and Tprocessing = 40ms when source and target cells are in different FRs.
Proposal 1: 	The PSCell change delay requirement shall be modified such that it is reflected that no SW re-loading is needed when source and target cells are in the same FR. Following the NR handover requirements, this implies that the requirement shall be based on Tprocessing = 20 ms rather than on Tprocessing = 40 ms.
A CR covering the proposal is provided in [1].
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