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[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
At last meeting good progress was reached in many of the requirements for different types of mobility procedures and the big CR for TS 38.133 was agreed in [1]. However, there are still some issues left in mobility requirements affecting the closure of core part. Hence, the WI was extended and an exception request containing the remaining issues was approved in [1]. Following the 3GPP guidelines, the RAN4 WG is to focus on the tasks listed in the exception request as follows:
	· Requirements for RRC_CONNECTED state mobility
· Handover delay requirements
· Handover to RedCap specific BWP with and without NCD-SSB



In this contribution we discuss and provide our view on these two issues. 
 
Discussion
Handover delay requirements following the legacy HO approach 
Open Issues from WF
Impact on Tsearch (in HO) for 1Rx for FR1
· Option 2 (HW, QC): 
· For HO to FR1, Tsearch = 3*Trs for intra-frequency HO and Tsearch = 5* Trs for inter-frequency HO
· Compromise option from moderator (E///, Apple, MTK, Nokia, vivo):
· For HO to FR1, 
· Tsearch = 2*Trs for intra-frequency HO
· Tsearch = 5* Trs for inter-frequency HO
As the major controversial address in this issue is for HO to FR1 how many samples we need for intra-frequency handover.
For Redcap UE with 1Rx, the time to identify target NR cell, Tidentify_intra_NR and Tidentify_inter_NR, are determined through simulation campaign at SINR =-2 dB. According to the simulation results submitted from majority of the companies, we reach the conclusion that 2 sample is sufficient for detect target cell. Especially since the inter-frequency HO to FR1 has already being compromised as majority of the simulation results indicate 4 samples will be sufficient.
Also would like to point out Tsearch is only one of the delay components following the legacy HO approach, which indicates there are some more margins for HO delay in general for UE.
[bookmark: _Ref101705639]Proposal 1: Reduce capability impact on Tsearch (in HO) for 1Rx for FR1
· For HO to FR1, 
· Tsearch = 2*Trs for intra-frequency HO
· Tsearch = 5* Trs for inter-frequency HO
NCD-SSB related Handover
In last meeting, RAN4 had discussed NCD-SSB based handover and sent a LS to RAN2 to confirm whether it’s possible to support NCD-SSB based handover for RedCap UE. RAN4 had also agreed to define requirements for neighbour cell measurements based on NCD-SSB.  During the handover, the UE will be configured by the old serving cell to transmit RACH either in initial BWP or in the RedCap BWP of the target cell. NW may also configure either CD-SSB or NCD-SSB measurements to UE.
NCD-SSB handover
These combination give rise to following handover scenarios as shown below:
· Case 1: NW configures SSB measurement and requires UE to HO to the related BWP
· Case 2: NW configures SSB measurement and requires UE to HO to the BWP with different SSB
· Case 3: NW configures CD-SSB measurement and requires UE to HO to the RedCap BWP without SSB
· Case 4: NW requires UE to HO to the RedCap BWP(NCD-SSB) without measurement
[bookmark: _Ref101705643]Proposal 2: RAN4 to confirm the following HO scenarios 
· Case 1: NW configures SSB measurement and requires UE to HO to the related BWP
· Case 2: NW configures SSB measurement and requires UE to HO to the BWP with different SSB
· Case 3: NW configures CD-SSB measurement and requires UE to HO to the RedCap BWP without SSB
· Case 4: NW requires UE to HO to the RedCap BWP(NCD-SSB) without measurement
If the UE has done measurement in target cell on SSB which is different than the SSB associated with BWP where RACH is configured(Case 2), and if the separation between initial BWP and Redcap BWP is larger than 20 MHz (for FR1) or 100 MHz (for FR2), then the measurement may be useless for target cell’s handover. UE needs more time to perform AGC retuning and fine timing tracking during handover procedure. Thus, additional handover delay is expected.
[bookmark: _Ref101705674]Proposal 3: Additional Trs for AGC and fine timing tracking is expected in handover delay when 
· UE performs measurement in target cell on SSB which is different with the SSB associated with the BWP where RACH is configured and 
· the separation between initial BWP and Redcap BWP is larger than 20 MHz (for FR1) or 100 MHz (for FR2).
Otherwise, the same delay as legacy HO is expected.
For case 3), UE needs to camp on initial BWP based on CD-SSB and BWP switching to the RedCap BWP for RACH. Thus, additional BWP switching delay is expected when handover to a RedCap specific BWP without SSB.
[bookmark: _Ref101705694]Proposal 4: When the Redcap specific initial DL BWP is configured for RA only, and there is no SSB available in the Redcap specific initial BWP, additional BWP switching delay is needed for handover procedure. 
For case 4), if NW configures multiple SSBs’ information to UE, UE should firstly choose the SSB within the target active BWP. After that, UE will choose the SSB which separates to the target BWP no larger than 20 MHz (for FR1) or 100 MHz (for FR2). Otherwise, additional handover delay(Trs) is expected if no such SSB.
[bookmark: _Ref101705701]Proposal 5: When NW configures UE handover to the target unknown cell, and configures multiple SSBs’ information,
· UE should choose the SSB within the target active BWP or separating to the target BWP no larger than 20 MHz (for FR1) or 100 MHz (for FR2).
· Otherwise, additional handover delay(Trs) is expected.
Trs
In legacy handover requirement, Trs is defined as follow. If NW configures SMTC in handover command, Trs will use the SMTC configuration. Otherwise, Trs will equal the SMTC configuration in measObjectNR. If NW still does not configure the SMTC in measObjectNR, UE will assume the Trs=5ms. There is no requirement if the SSB transmission periodicity is not 5ms.
	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, otherwise Trs is the SMTC configured in the measObjectNR having the same SSB frequency and subcarrier spacing. If the measObjectNRs having the same SSB frequency and subcarrier spacing configured by MN and SN have different SMTC, Trs is the periodicity of one of the SMTC which is up to UE implementation. If the UE is not provided SMTC configuration or measurement object on this frequency, the requirement in this clause is applied with Trs=5ms assuming the SSB transmission periodicity is 5ms. There is no requirement if the SSB transmission periodicity is not 5ms. If the UE has been provided with higher layer in TS 38.331 [2] signaling of smtc2 prior to the handover command, Trs follows smtc1 or smtc2 according to the physical cell ID of the target cell.


In RedCap, a SMTC configuration mismatch should be further considered. For example, NW configures UE handover to the BWP with NCD-SSB but the SMTC configuration is for CD-SSB. From our understanding, additional delay is expected due to the mismatch configuration. The additional delay may include the longer cell search time because of SMTC periodicity and further AGC retuning time due to the BW separation.
[bookmark: _Ref101705727]Proposal 6: RAN4 to further discuss the possible additional delay due to SMTC configuration mismatch, such as between CD-SSB measurement and NCD-SSB HO without default SMTC configuration.

Random Access
RSRP measurement before Msg1/MsgA retransmission
RAN4 have discussed the LS from RAN2 on the agreements how the RedCap UE performs RSRP measurements before Msg1 or MsgA retransmission on separate initial UL BWP (initialUplinkBWP-RedCap) Error! Reference source not found.. According to RAN2 agreements, when the initial DL BWP for RedCap (initialDownlinkBWP-RedCap) does not contain SSB at the Msg1/MsgA retransmission in the RA procedure, it is up to UE implementation to perform new RSRP measurement in a DL BWP associated with CD-SSB before the Msg1/MsgA retransmission. This means we can assume two cases: one for the case UE does not measure SS-RSRP before the retransmission and another for the case UE measures SS-RSRP before the retransmission, as illustrated in Figure 1.
As discussed in RAN4#102-e, TS38.133 7.1.2 specifies the UE transmit timing error requirements which apply when it is the PRACH transmission or it is the MsgA transmission. Since UE are required to receive SSB for synchronization and RSRP measurement, UE should be able to meet the Te requirements even if it does not receive SSB at Msg1/MsgA retransmission especially RACH occasion periodicity and Type1-PDCCH CSS periodicity is short. We therefore think it is possible to meet Te requirements even if SSB is not contained in initialDownlinkBWP-RedCap. It is up to UE implementation it receives SSB (CD or NCD) if necessary to meet Te requirements.
[bookmark: _Ref101705734]Proposal 7: UE shall meet Te requirements before Msg1/MsgA retransmission even if a RedCap UE in IDLE/INACTIVE mode is configured with initialDownlinkBWP-RedCap associated with no SSB (CD or NCD) for RACH.



[bookmark: _Ref101355194]Figure 1	Illustration of the scenario of Msg1/MsgA retransmission when the initial DL BWP for RedCap does not include CD-SSB.


 
Summary
In this contribution we have discussed two handover related open issues that were agreed in the exception request and discuss and provide our view on those.

Proposal 1: Reduce capability impact on Tsearch (in HO) for 1Rx for FR1
· For HO to FR1, 
· Tsearch = 2*Trs for intra-frequency HO
· Tsearch = 5* Trs for inter-frequency HO

Proposal 2: RAN4 to confirm the following HO scenarios
· Case 1: NW configures SSB measurement and requires UE to HO to the related BWP
· Case 2: NW configures SSB measurement and requires UE to HO to the BWP with different SSB
· Case 3: NW configures CD-SSB measurement and requires UE to HO to the RedCap BWP without SSB
· Case 4: NW requires UE to HO to the RedCap BWP(NCD-SSB) without measurement
Proposal 3: Additional Trs for AGC and fine timing tracking is expected in handover delay when
· UE performs measurement in target cell on SSB which is different with the SSB associated with the BWP where RACH is configured and 
· the separation between initial BWP and Redcap BWP is larger than 20 MHz (for FR1) or 100 MHz (for FR2).
Otherwise, the same delay as legacy HO is expected.
Proposal 4: When the Redcap specific initial DL BWP is configured for RA only, and there is no SSB available in the Redcap specific initial BWP, additional BWP switching delay is needed for handover procedure.
Proposal 5: When NW configures UE handover to the target unknown cell, and configures multiple SSBs’ information,
· UE should choose the SSB within the target active BWP or separating to the target BWP no larger than 20 MHz (for FR1) or 100 MHz (for FR2).
· Otherwise, additional handover delay(Trs) is expected.
Proposal 6: RAN4 to further discuss the possible additional delay due to SMTC configuration mismatch, such as between CD-SSB measurement and NCD-SSB HO without default SMTC configuration.
Proposal 7: UE shall meet Te requirements before Msg1/MsgA retransmission even if a RedCap UE in IDLE/INACTIVE mode is configured with initialDownlinkBWP-RedCap associated with no SSB (CD or NCD) for RACH.
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