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1. Introduction
In last RAN4#98-bis-e meeting, the Handover with PSCell requirements were discussed with the agreements captured in the WF [1]. In this paper, we further provide our views on the remaining issues.
2. Discussion
In the last RAN4 meeting, the basic framework of HO with PSCell was discussed and some key issues were identified in terms of scenarios, sequential or parallel process, etc. In this paper we further provide our views on the pending issues. 
2.1 Scenarios
The applicable scenarios were discussed in the last meeting. The key issues is whether to consider the scenarios in addition to the listed cases in the WID. As discussed in the last meeting, these are also feasible scenarios supported in RAN2’s spec, and the workload for defining requirements for these scenarios is not significantly increased as the similar principle will be followed. Then a feasible approach is to consider the original scenarios and the new cases (e.g. NR SA to NE-DC, NR SA to NR-DC and LTE SA to EN-DC) could be included if found needed.
The other issue related to the scenarios is whether to consider FR1+FR1 NR-DC and FR2+LTE NE-DC. The following options are on the table:
	· Issue 2-1-2: NR-DC and NE-DC mode in HO with PSCell
· FFS:
· Option 1(CATT, Apple, OPPO, MTK, Huawei): In R17 RAN4 only considers:
· FR1+FR2 NR-DC for HO with PSCell from NR-DC to NR-DC,
· FR1+LTE NE-DC for HO with PSCell from NE-DC to NE-DC.
· Option 2 (NEC, Intel, vivo, QC, Ericsson, MTK):
· FR1+FR2 NR-DC and FR1+FR1 NR-DC for HO with PSCell from NR-DC to NR-DC,
· FR1+LTE NE-DC for HO with PSCell from NE-DC to NE-DC.
· Option 2a (Apple):
· FR1+FR2 NR-DC and FR1+FR1 NR-DC for HO with PSCell from NR-DC to NR-DC,
· FR1+LTE NE-DC for HO with PSCell from NE-DC to NE-DC.
Note: the baseline PSCell addition requirement for FR1+FR1 NR-DC would be discussed in TEI16. 
· Option 3 (Ericsson):
· FR1+FR2 NR-DC and FR1+FR1 NR-DC for HO with PSCell from NR-DC to NR-DC,
· FR1+LTE NE-DC for HO with PSCell from NE-DC to NE-DC,
· FFS on FR2+LTE NE-DC for HO with PSCell from NE-DC to NE-DC.
· Option 4 (Nokia):
· FR1+FR2 NR-DC and FR1+FR1 NR-DC for HO with PSCell from NR-DC to NR-DC,
· FR1+LTE and FR2+LTE NE-DC for HO with PSCell from NE-DC to NE-DC,
· FR1+LTE and FR2+LTE NE-DC for HO with PSCell from NR SA to NE-DC.



For FR2+LTE NE-DC, we think it is not the typical scenarios to be considered. For FR1+FR1 NR-DC, one basic question is there is no baseline requirements for FR1+FR1 NR-DC. So it will be strange that RAN4 defines HO with PSCell for FR1+FR1 NR-DC which is a more advancing procedure but without baseline HO or PSCell addition/change requirements under this scenarios. Also companies suggested in the last meeting that the baseline HO requirements and PSCell addition/change requirements could be supplemented first. But from our understanding, it is also strange that if only the requirements for HO and/or PSCell addition/change is defined for FR1+FR1 NR-DC without other RRM requirements (e.g. measurement, SCell activation, interruptions). We agree that the RRM requirements shall be updated for these FR1+FR2 NR-DC cases, but we are not sure whether it could be completed within the FeRRM WI. So it is suggested to consider FR1+FR2 NR-DC and LTE+FR1 NE-DC in Rel-17.
Observation 1: There is no baseline RRM requirements for FR1+FR1 NR-DC.
Proposal 1: Consider FR1+FR2 NR-DC for HO with PSCell from NR-DC to NR-DC and FR1+LTE NE-DC for HO with PSCell from NE-DC to NE-DC.
2.2 Timeline for HO with PSCell 
Whether UE could perform the HO with PSCell in parallel or in sequence is the very fundamental assumption to define the corresponding RRM requirements. Companies share different views on this issue in previous meetings. The potential benefits to let UE complete the HO with PSCell in sequence is from the consideration of robustness. However, from the LS reply from the RAN2 [2] [3], it could be found that, there is no strict order from RAN2’s perspective about the synchronization to PCell and to PSCell, though RAN4 also has another LS to RAN2 to ask about the order between RACH to PCell and RACH to PSCell.
	Regarding Question 2: 
· Question 2: Regarding HO with PSCell triggered by single RRC HO command, which of following options is in line with RAN2 definition when UE fails to synchronize to the expected PSCell?
RAN2’s answer is Option 1. In case of MN handover with PSCell change, and UE fails to synchronize to the target PSCell, the UE can still access to target PCell, and triggers SCG failure by sending SCGFailureInformation to target PCell. In this case, the SCG configuration (including the configuration for PSCell) is kept and all SCG transmissions are suspended, it is up to target MN to decide whether to reconfigure/release SCG after receiving SCGFailureInformation message from the UE. 



So when UE synchronizes to the PCell successfully, the only difference for sequential operation is that UE will start the PSCell addition/change later than the parallel operation. When UE fails to synchronize to the PSCell, UE will utilize the SCG failure procedure to notify the situation to NW. When UE fails to synchronize to the PCell, then the benefits of sequential operation is UE will not start the procedure of PSCell addition/change at very beginning, then the power consumption for this particular procedure maybe saved. However, HO failure should not be the primary scenarios to be considered when defining the corresponding RRM requirements. And when UE receives the HO with PSCell via a RRC message, all serving CCs are released, then for a DC capable UE, UE shall be able to perform the synchronization to PCell and PSCell simultaneously. 
Proposal 2: RAN4 to define HO with PSCell requirements based on parallel processing assumption.
With proposal 2, we could further consider whether there is some particular procedure should be considered jointly or any extra delay shall be included. 
One major issue is about the order of RACH to PCell and PSCell and whether UE could perform RACH simultaneously. Companies stated that there is restrictions in RAN2 spec that UE shall do RACH to PCell before PSCell. After checking the RAN2’s spec, we fails to find such specifications. And based on the RAN2’s LS reply, it could also be observed that it is possible that UE can initiate the RACH process to PSCell before RACH to PCell. Another issue is about whether to include extra delay uncertainty if for RACH collision cases. As discussed in the last meeting, it could happen that the RO to PCell and RO to PSCell are overlapped in time domain, and due to the power limitation, UE does not perform transmission in SCG in EN-DC and MCG in NE-DC depending on UE capability. The corresponding specification is shown below for EN-DC case in TS 38.213:
		If the UE is configured with reference TDD configuration for E-UTRA (by tdm-PatternConfig-r15 or by tdm-PatternConfig-r16 in [13, TS 36.213])
-	If the UE does not indicate a capability for dynamic power sharing between E-UTRA and NR for EN-DC, the UE does not transmit in a slot on the SCG in FR1 when a corresponding subframe on the MCG is an UL subframe in the reference TDD configuration.
-	If the UE indicates a capability for dynamic power sharing between E-UTRA and NR for EN-DC, and does not indicate a capability uplinkTxSwitching-OptionSupport = dualUL in [16, TS 38.306], and is configured with tdm-PatternConfig-r16, the UE does not transmit on the SCG in FR1 when the UE has overlapped transmission on a subframe on the MCG.



Then based on the parallel processing assumption, the extra delay uncertainty of RACH to NR may be included for EN-DC and NE-DC.
Observation 2: Based on the parallel processing assumption, the extra delay uncertainty of RACH to NR could be included for EN-DC and NE-DC.
Regarding the order of RACH PCell and PSCell, if there is clear restriction that RACH to PSCell shall be performed after RACH to PCell, then the delay uncertainty for RACH to PSCell may be considered. But it should be confirmed by RAN2 as the question is asked in the LS.
Proposal 3: Wait for LS reply from RAN2 about whether there is strict order of RACH to PCell and RACH to PSCell before considering the RACH delay uncertainty.
Based on the parallel processing assumption, we further analyse whether extra delay shall be considered for each particular procedures during the HO with PSCell addition. First for the RRC processing delay, the question is also clearly answered in the LS reply as follow:
 
	Regarding Question 1: 
Question 1: what is the RRC processing delay for following cases of handover with PSCell?
RAN2’s answer is given in below table: 
	Scenario
	Source PCell
	Target PCell
	Target PSCell
	RRC procedure delay for HO with PSCell

	NR SA to EN-DC
	NR (incl. FR1 and FR2)
	LTE
	NR (incl. FR1 and FR2)
	[50ms]

	EN-DC to EN-DC
	LTE
	LTE
	NR (incl. FR1 and FR2)
	20ms

	NE-DC to NE-DC
	NR FR1
	NR FR1
	LTE
	16ms

	NR-DC to NR-DC
	NR FR1
	NR FR1
	NR FR2
	16ms


Regarding the RRC processing delay for NR SA to EN-DC, RAN2 understands the RRC processing delay (i.e. 50ms) defined for inter-RAT handover from NR to E-UTRAN can be applied, but it is up to RAN4 to make a final decision. And RAN2 understands RAN4 will specify the RRC processing delay of “NR SA to EN-DC” in TS 36.133. In addition, RAN2 will update TS 38.331 and TS 36.331 to clearly capture the RRC processing delay for other cases listed in above table. 



Regarding the Tsearch, based on the parallel processing assumption, UE shall perform cell search, AGC to target PCell and PSCell simultaneously. But for intra-band cases, based on the assumption in Rel-15 that the AGC adjustment shall be performed jointly for intra-band case considering the SMTC_MAX and the signals for AGC shall be allocated within the same slot. However, considering the applicable scenarios which is also under discussion, it could only happen in FR1+FR1 NR-DC cases, if it is FR1+FR1 NR-DC is not considered in Rel-17, then there is also no need to consider the additional delay for searching procedure.
Observation 3: Whether to consider additional delay for searching procedure depends on whether to include FR1+FR1 NR-DC case. 
Regarding the UE processing time, in the current spec, the 20 or 40 ms is allowed for SW processing including RF warm up. From our understanding, 40 ms is considered for cross FR case. It is proposed by companies in the last meeting that for NR SA to EN-DC case, extra time shall be considered to active the LTE stack. However, from our understanding, there is no significant difference from inter-RAT HO from NR to LTE, where the processing time is also 20 ms. But we tend to agree that there might be extra time need to perform the switching involving NR and LTE. So it is proposed that the UE processing time is the maximum value of PCell HO and PSCell addition, and FFS whether to extend the processing time for NR SA to EN-DC and the value if needed. 
Observation 4: UE processing time is the maximum valure of PCell HO and PSCell addition, and FFS whether to extend the processing time for NR SA to EN-DC and the value if needed.
2.3 Delay and interruption requirements 
It is also discussed in the last meeting that how to defined the delay and interruption requirements for HO with PSCell. This issue also depends on some basic assumptions for this feature as mentioned above. For instance, whether to have interruption requirements depends on whether UE perform the HO with PSCell in sequence or in parallel. We present our views based on the parallel assumption. Regarding the delay requirements, it is to evaluate how long the UE will take to start PRACH transmission from the instance when the RRC command is received. So based on the parallel processing assumption, upon receiving the HO with PSCell command within the single RRC message, the UE shall transmit PRACH to target PCell and PSCell within the defined delay respectively. If separately delay requirements are defined for HO and PSCell addition/change respectively, the requirements are clear for UE’s behaviour, and there is no need to define an overall delay.
Proposal 4: Define delay requirements for HO and PSCell addition/change separately with the ending points defined as PCell PRACH and PSCell PRACH respectively. No need to define overall delay requirement.
Regarding whether to have interruption requirements for this HO with PSCell, based on the parallel assumption, the interruption requirements is not needed. Companies have concerns if PSCell addition is triggered later than the completion of HO, which means the RF running may interrupt the PCell. However, from our understanding, as the HO and PSCell command is received within the same RRC message, UE shall tune the RF for PCell and PSCell simultaneous to avoid multiple interruptions during the HO with PSCell procedures. Another action my cause interruption is the AGC settling, however, the interruption on the other SpCell could only happen for the intra-band cases, which depends on the conclusion of whether to consider FR1+FR1 NR-DC (Observation 3). Even the intra-band AGC is to be considered, UE will adjust the AGC using the SMTC_MAX, and there is no other procedure which may interrupt the operation on the other SpCell. Thus, there is no needed to define interruption requirements for HO with PSCell.
Proposal 5: No interruption requirements to be defined during HO with PSCell.



3. Conclusions
Observation 1: There is no baseline RRM requirements for FR1+FR1 NR-DC.
Proposal 1: Consider FR1+FR2 NR-DC for HO with PSCell from NR-DC to NR-DC and FR1+LTE NE-DC for HO with PSCell from NE-DC to NE-DC.
Proposal 2: RAN4 to define HO with PSCell requirements based on parallel processing assumption.
Observation 2: Based on the parallel processing assumption, the extra delay uncertainty of RACH to NR could be included for EN-DC and NE-DC.
Proposal 3: Wait for LS reply from RAN2 about whether there is strict order of RACH to PCell and RACH to PSCell before considering the RACH delay uncertainty.
Observation 3: Whether to consider additional delay for searching procedure depends on whether to include FR1+FR1 NR-DC case. 
Observation 4: UE processing time is the maximum valure of PCell HO and PSCell addition, and FFS whether to extend the processing time for NR SA to EN-DC and the value if needed.
Proposal 4: Define delay requirements for HO and PSCell addition/change separately with the ending points defined as PCell PRACH and PSCell PRACH respectively. No need to define overall delay requirement.
Proposal 5: No interruption requirements to be defined during HO with PSCell.
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