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Introduction
In RAN4 100e, the WF R4-2115337 was agreed in [1]. The scenarios to be discussed is agreed as follows.
· RAN4 specifies RRM requirement for HO with PSCell for the following scenarios as in the WID RP-202874:
· from NR SA to EN-DC
· from EN-DC to EN-DC
· from NE-DC to NE-DC
· from NR-DC to NR-DC
· In Rel-17, RAN4 define RRM requirements for NR-DC and NE-DC mode 
· FR1+FR2 NR-DC
· FR1+LTE NE-DC
In this paper our views on HO with PSCell are provided.
Discussion on the delay requirement design of HO with PSCell
In last RAN4 meeting, parallel processing was agreed as the baseline for NR-DC to NR-DC, EN-DC to EN-DC, and NE-DC to NE-DC. Moreover, At least RACH processing for Pcell and PSCell are performed parallelly. 
From EN-DC to EN-DC
In the case of EN-DC to EN-DC, NR PSCell can be either in FR1 or in FR2. Based on RAN2 spec, only the case that LTE source Pcell and LTE target PCell are synchronized, is supported. Therefore, no matter whether smtc-r15 is configured or not in the SCG addition signaling during the PCell handover, UE is able to obtain NR target PSCell timing information based on the LTE source PCell. Therefore, after decoding of RRC signalling, and RF activation/re-tuning is done, UE may start to search for the LTE PCell if it is unknown and/or to search for the NR PSCell if it is unknown. Then, time-frequency tracking for the NR PSCell may be started no matter whether the RF retuning or the target Cell search at LTE side is completed or not. Then, the RACH may also be performed in parallel. Even for the case LTE + FR2 NR, in which NR cell search time would be significantly larger than LTE due to the beam sweeping, it has no impact to the PRACH to be sent on LTE PCell. It has no impact even for the case when LTE PCell can be scheduled with data transmission, while NR PSCell is still in the stage of cell search. In all, there is no interruption between PCell handover and PSCell change/addition. In other word, for the case of HO with PSCell between EN-DC to EN-DC, no new requirement is needed, and some clarification in the spec is needed, such as ‘UE is required to perform PCell handover and PSCell addition in parallel. UE is required to meet the EUTRA handover delay requirements specified in TS 36.133 clause 5.1 for the PCell handover, and to meet the NR PSCell [Change/Addition] requirements for the case of PSCell.
Regarding whether the PSCell addition or the PSCell change would be considered, the main difference is the UE processing delay. In our understanding, from RAN2 signaling perspective, HO with SN change is more like PSCell addition command signalled together with PCell handover command, and UE would need to release the source PSCell and add the target PSCell. However, in practice, from UE processing perspective it is more like PSCell change. Therefore, RAN4 further adopt the Tprocessing defined in PSCell change for the case of EN-DC to EN-DC.
Proposal 1  For HO with PSCell from EN-DC to EN-DC, re-use the Tprocessing defined in R15/16 PSCell change requirements.
Proposal 2  For HO with PSCell from EN-DC to EN-DC, no new requirement is defined. Clarify in the spec that parallel processing of handover and PSCell addition/change is considered, and UE is required to meet the EUTRA handover delay requirements specified in TS 36.133 clause 5.1 for the PCell handover, and to meet the NR PSCell Change requirements for the case of PSCell in clause 8.11 of TS 38.133.
From NR-DC to NR-DC
As agreed in last meeting, only FR1 + FR2 NR-DC will be discussed in this R17 WI. Moreover, in GTW, RAN4 further agreed on the following:
· In HO with PSCell for NR-DC to NR-DC
· Parallel processing shall be the baseline for delay requirements 
· Sequential processing shall be assumed for the following cases
· Case 1: If SMTC of target unknown PSCell is configured in targetcellSMTC-SCG-r16 but not configured in reconfigurationWithSync.
· Sequential processing is used for cell search and [timing sync]. FFS if additional margin shall be added.

Regarding the targetCellSMTC-SCG-r16, in our understanding it is mainly for the case when source cell has no information about SMTC of target PSCell. From UE behaviour perspective, as agreed above, it is already agreed to perform cell search in sequential for this case, since UE would need to obtain the SMTC for the target cell based on at least the timing information of the target NR PCell during cell search of the PCell, especially if the PCell is also unknown. In our understanding, since only coarse timing would be enough for the PSCell cell search, finer timing and frequency sync at the PCell side will not be necessary before the cell search procedure starts at the PSCell side. However, the margin for the SSB processing, i.e. 2ms, also need to be considered between PCell and PSCell in sequential order.
[bookmark: _Hlk85742512]Proposal 3  For HO with PSCell from NR-DC to NR-DC, for the case when SMTC of target unknown PSCell is configured in targetcellSMTC-SCG-r16 but not configured in reconfigurationWithSync, sequential processing is used for cell search and SSB processing, but not for finer timing/frequency synchronization. 
Therefore, regarding the timeline for HO with PSCell from NR-DC to NR-DC, at least for the case when SMTC of target unknown PSCell is configured in reconfigurationWithSync, or when target PSCell is known, in case parallel processing is assumed, similar derivation as the case from EN-DC to EN-DC can be done. 
Proposal 4  For HO with PSCell from NR-DC to NR-DC, in case parallel processing is assumed, no new requirement is defined. Clarify in the spec that parallel processing of handover and PSCell addition/change is considered, and UE is required to meet the NR handover delay requirements specified in TS 36.133 clause 5.1 for the PCell handover, and to meet the NR PSCell change requirements for the case of PSCell in clause 8.11 of TS 38.133.
However, for the cases when at least sequential processing is used for cell search, the timeline can be illustrated in Figure 1 as follows. In this case, firstly there is still no need to further discuss whether to perform RF warm-up and UE software processing in sequential order, since anyway the UE would need to perform cell search in sequential. In our understanding it is also fine to be performed in a pipeline order as in Figure 1. Moreover, one more SSB processing margin needs to be considered before the PSCell cell search starts, if the target PCell is unknown. Based on such timeline, the end point for this HO with PSCell would the later PRACH sent, either PCell or PSCell. In case only FR2 PSCell is considered in R17, it has to be the PSCell. 


Figure 1 Timeline for HO with PSCell from NR-DC to NR-DC when sequential processing is used for cell search
Proposal 5  For HO with PSCell from NR-DC to NR-DC when sequential processing is used for cell search, the end point is the later timing between “timing when UE shall be capable to transmit PRACH preamble towards target PCell” and “the timing when UE shall be capable to transmit PRACH preamble towards target PSCell”
Proposal 6  For HO with PSCell from NR-DC to NR-DC when sequential processing is used for cell search, the delay requirement is 
Tprocessing + CO*( Tmargin + Tsearch,MCG) + max(Tsearch,SCG + TΔ,SCG + Tmargin + TIU,SCG, TΔ,MCG+ (1-CO)* Tmargin + TIU,MCG)
where 
CO = 1 if target PCell is unknown, and CO = 0 if target PCell is known, 
Tprocessing =20ms
Tmargin = 2ms 
From NE-DC to NE-DC
NR Pcell HO and LTE SN change is considered for this case. Since no requirement is defined for the LTE PSCell change, it is suggested to simply refer to the requirements for PSCell addition under NE-DC case for the LTE SN change. 
Regarding R15 requirements for PSCell addition in NE-DC, at least the following ambiguity in current spec has been found. 
1. For NE-DC PSCell addition requirements, RRC processing delay should be 16ms rather than 20 ms. Note that based on RAN2 LS R4-2107622 the RRC processing delay is 16 ms for the case of handover with PSCell from NE-DC to NE-DC.
2. For NE-DC PSCell addition requirements, further clarification is needed on whether PRACH collision between PCell and PSCell is considered. Note that for the case of PSCell addition in EN-DC, no PRACH collision is considered. Even if it is needed, it is not clear why it is 20ms.
Based on above, a CR [2] is provided to clarify R15 requirements.
Regarding the timeline, expect PRACH collision, the same situation as from EN-DC to EN-DC can be observed, i.e. parallel processing is considered as baseline.
Proposal 7  For HO with PSCell from NE-DC to NE-DC, RAN4 further clarify whether and how to consider the case when there is PRACH collision between LTE PSCell and NR PCell.
From NR-SA to EN-DC
In this case, in our understanding this is different from all above cases, since inter-RAT PCell handover is done. Moreover, for the source PCell and target PSCell, both FR1 NR and FR2 NR need to be considered. However, it is unclear from RAN2 spec how network may configure the SMTC of PSCell to UE, if it is not configured in measurement object and the target PSCell is unknown to UE. One may argue that smtc-r15 configured with PSCell information can be used in this case. However, the following sentence is found in TS 36.331 Note 2.
explicit SMTC configuration is only supported when the source EUTRA PCell and the target EUTRA PCell of the handover are SFN/subframe-synchronized.
Based on RAN2 discussion history we also see no discussion on the inter-RAT handover case for handover with PSCell from RAN2 signalling perspective.
Observation 1  No signalling has been specified in RAN2 for indicating the SMTC of target PSCell in the inter-RAT handover with PSCell from NR to EUTRA.
With above observation in mind, we have the following proposal.
Proposal 8  For HO with PSCell from NR-SA to EN-DC, firstly work on the case where target PSCell is known from UE perspective, and wait for RAN2 conclusions on the signalling design for inter-RAT handover with PSCell.
For the case when target PSCell is known, similar to the case of NR-DC to NR-DC, parallel processing can be done. Regarding the RF warm-up and processing time, in our understanding, even though source NR PCell to target NR PSCell is not exactly called ‘PSCell change’, but following the same logic as EN-DC to EN-DC, the UE behaviour would be quite similar. Besides, additionally LTE PCell needs to be turned on. From RF perspective this procedure is similar to the case as PSCell addition in the background of NE-DC, in which 50ms warm-up time is considered. 
Proposal 9  For HO with PSCell from NR-SA to EN-DC, when target PSCell is known, parallel processing shall be the baseline for delay requirements.
Proposal 10  For HO with PSCell from NR-SA to EN-DC, UE processing time is 50ms for the PCell handover, and UE processing timing is re-used from NR PSCell change for the PSCell addition, i.e. 20ms when source PCell and target PSCell is in the same FR, and 40ms when source PCell and target PSCell is in different FR.
Discussion on other aspects
In last meeting, the following was discussed.
Issue 2-4-1: 2 step and 4 step RACH for HO with PSCell
· Proposals
· Option 1a (ZTE, Nokia, vivo, CATT, Ericsson, Nokia): 
· Include both 2-step RA and 4-step RA into the new requirements made for handover with PSCell. No need to mention 2-step or 4-step in HO with PSCell requirements.
· Option 1b (ZTE, CATT, vivo): 
· RAN4 shall define delay requirements for HO with PSCell for both 2-step and 4-step RA. Impact on delay requirements depends on timeline with respect to parallel processing of RA.
· Option 2 (Apple, Xiaomi, Qualcomm, OPPO, Intel, MTK): 
· For requirement of HO with PSCell, RAN4 starts the discussion with 4 step RACH first and FFS on 2 step RACH.
· Option 3 (Qualcomm): 
· Define the ending points as Pcell PRACH and PSCell PRACH respectively by assuming 4-step RACH

In our understanding, the RACH occasion of 2 step RACH will be different from the 4 step case. However, the impact to requirement is still unclear. As discussed in R16, in both HO requirements and PSCell addition requirements, the expression of the requirements is the same for 4-step RACH and 2-step RACH.
Proposal 11  RAN4 include both 2-step RA and 4-step RA into the new requirements made for handover with PSCell. No need to mention 2-step or 4-step in HO with PSCell requirements.
In last meeting, the following was discussed.
Issue 2-4-4: CSI-RS based CFRA
· Proposals
· Option 1 (Apple): 
· If CSI-RS based CFRA is used for RACH on PSCell, the additional CSI-RS measurement and the CSI-RS to RO association period shall be considered. 
· The baseline requirement of PSCell addition and handover when CSI-RS based CFRA is used could be discussed in TEI16.
· Option 2 (vivo, Apple): 
· FFS
· Option 3 (Qualcomm, Nokia, Huawei, Qualcomm, Ericsson, Nokia, MTK): 
· Follow the same assumption as legacy HO requirements and do not need to discuss CSI-RS based CFRA
· Option 4 (MTK): 
· Should not consider the Rel-16 feature

In our understanding, CSI-RS based CFRA is an optional UE feature, which can be deprioritized in the discussion of HO with PSCell in R17 WI.
Proposal 12 CSI-RS based CFRA is deprioritized in the discussion of HO with PSCell in R17 WI.
Conclusions
Based on above analysis, we have following observations and proposals.
Proposal 1  For HO with PSCell from EN-DC to EN-DC, re-use the Tprocessing defined in R15/16 PSCell change requirements.
Proposal 2  For HO with PSCell from EN-DC to EN-DC, no new requirement is defined. Clarify in the spec that parallel processing of handover and PSCell addition/change is considered, and UE is required to meet the EUTRA handover delay requirements specified in TS 36.133 clause 5.1 for the PCell handover, and to meet the NR PSCell Change requirements for the case of PSCell in clause 8.11 of TS 38.133.
Proposal 3  For HO with PSCell from NR-DC to NR-DC, for the case when SMTC of target unknown PSCell is configured in targetcellSMTC-SCG-r16 but not configured in reconfigurationWithSync, sequential processing is used for cell search and SSB processing, but not for finer timing/frequency synchronization. 
Proposal 4  For HO with PSCell from NR-DC to NR-DC, in case parallel processing is assumed, no new requirement is defined. Clarify in the spec that parallel processing of handover and PSCell addition/change is considered, and UE is required to meet the NR handover delay requirements specified in TS 36.133 clause 5.1 for the PCell handover, and to meet the NR PSCell change requirements for the case of PSCell in clause 8.11 of TS 38.133.
Proposal 5  For HO with PSCell from NR-DC to NR-DC when sequential processing is used for cell search, the end point is the later timing between “timing when UE shall be capable to transmit PRACH preamble towards target PCell” and “the timing when UE shall be capable to transmit PRACH preamble towards target PSCell”
Proposal 6  For HO with PSCell from NR-DC to NR-DC when sequential processing is used for cell search, the delay requirement is 
Tprocessing + CO*( Tmargin + Tsearch,MCG) + max(Tsearch,SCG + TΔ,SCG + Tmargin + TIU,SCG, TΔ,MCG+ (1-CO)* Tmargin + TIU,MCG)
where 
CO = 1 if target PCell is unknown, and CO = 0 if target PCell is known, 
Tprocessing =20ms
Tmargin = 2ms 
Proposal 7  For HO with PSCell from NE-DC to NE-DC, RAN4 further clarify whether and how to consider the case when there is PRACH collision between LTE PSCell and NR PCell.
Observation 1  No signalling has been specified in RAN2 for indicating the SMTC of target PSCell in the inter-RAT handover with PSCell from NR to EUTRA.
Proposal 8  For HO with PSCell from NR-SA to EN-DC, firstly work on the case where target PSCell is known from UE perspective, and wait for RAN2 conclusions on the signalling design for inter-RAT handover with PSCell.
Proposal 9  For HO with PSCell from NR-SA to EN-DC, when target PSCell is known, parallel processing shall be the baseline for delay requirements.
Proposal 10  For HO with PSCell from NR-SA to EN-DC, UE processing time is 50ms for the PCell handover, and UE processing timing is re-used from NR PSCell change for the PSCell addition, i.e. 20ms when source PCell and target PSCell is in the same FR, and 40ms when source PCell and target PSCell is in different FR.
Proposal 11  RAN4 include both 2-step RA and 4-step RA into the new requirements made for handover with PSCell. No need to mention 2-step or 4-step in HO with PSCell requirements.
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