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1. Introduction
The requirements of HO with PSCell were discussed in the last RAN4 meeting, and the agreements and open issues are captured in the WF [1]. There are still some open issues left unsettled, in terms of applicable scenarios, parallel and sequential assumption and details of HO with PSCell addition requirements. In this paper, we further provide our views on these left issues.
2. Discussion
2.1 Scenarios
Regarding the applicable scenario for HO with PSCell, one remaining issues is whether to consider FR1+FR1 NR-DC. During the discussion in the previous meetings, most companies are positive to consider the missing scenario which is already supported in RF spec. One main concern to have HO with PSCell requirements for FR1+FR1 NR-DC is there is no baseline requirements. Companies discussed about whether to have some particular RRM requirements to support the HO with PSCell (e.g. PSCell addition/change) or the full set of RRM requirements. During the discussion in RP#92e, it is concluded that the RRM requirements for FR1+FR1 NR-DC will not be defined in Rel-17. Then, it is suggest to only consider FR1+FR2 NR-DC in this WID. 
Proposal 1: Only consider FR1+FR2 NR-DC for HO with PSCell in this WI.
2.2 Parallel and sequential operation
The most critical issue about the about the parallel or sequential assumption. The status are summarized as following:
	Issue 2-2-1a: Condition of parallel processing
· Option 1: 
· If SMTC of target unknown PSCell is configured in targetcellSMTC-SCG-r16, sequential processing shall be assumed; otherwise, parallel processing shall be assumed
· Option 2: 
· Parallel processing shall always be assumed.
· Note: other options are not precluded
Issue 2-2-1b: Whether requirements for sequential processing are needed if parallel processing is only possible under certain condition
· Option 1: yes
· Option 2: no 
· Option 2a: no, but the applicability condition shall be clarified in the spec (e.g., no requirement applies when such configuration happens).



The majority view among companies is that most of the procedures could be performed in parallel. But as spotted in the last meeting, RAN2 has introduce the new SMTC configurations targetcellSMTC-SCG-r16 within the RRC reconfiguration message, which was also discussed in RAN2#114e meeting. RAN2’s latest agreements and agreed CR are shown as following:
	RAN2#114e
R2-2105090	Clarification on NR HO without SCG Configuration Change	Apple	discussion	Rel-15	NR_newRAT-Core
[005] 3 tdocs above noted
[005] Agree that the UE applies the target PCell timing as the PSCell SMTC timing reference during the NR handover with PSCell addition in NR-DC. 
[005] Agree that the UE applies the target PCell timing as the reference of the targetCellSMTC-SCG configuration during the NR handover with PSCell change in NR-DC. 

R2-2106754
targetCellSMTC-SCG
The SSB periodicity/offset/duration configuration of target cell for NR PSCell addition and SN change. When UE receives this field, UE applies the configuration based on the timing reference of NR PCell for PSCell addition and PSCell change for the case of no reconfiguration with sync of MCG, and UE applies the configuration based on the timing reference of target NR PCell for the case of reconfiguration with sync of MCG. If both this field and the smtc in secondaryCellGroup -> SpCellConfig -> reconfigurationWithSync are absent, the UE uses the SMTC in the measObjectNR having the same SSB frequency and subcarrier spacing, as configured before the reception of the RRC message.


 
As shown in the highlighted part, when targetCellSMTC-SCG is configured, UE shall apply the SMTC configuration based on the target PCell for HO with PSCell in NR-DC. It means UE shall first search the tracking the timing of the target PCell and then allocate the SMTC for PSCell addition/change.
Observation 1: For HO with PSCell in NR-DC case, If targetCellSMTC-SCG is configured, UE shall apply the SMTC configuration of target of target PSCell based on target PCell. 
For other scenarios, NR SA to EN-DC, EN-DC to EN-DC, NE-DC to NE-DC, and NR-DC when targetCellSMTC-SCG is not configured. Parallel operation shall be considered. From our understanding, when targetCellSMTC-SCG is configured, it doesn’t mean that all procedures shall be performed sequentially. Instead, only the cell searching and fine timing shall be performed on after the other.
Proposal 1: For HO with PSCell in NR-DC, cell searching and fine timing tracking shall be performed sequentially when targetCellSMTC-SCG is configured. 
From our understanding, apart from the cell searching and fine time tracking, no matter whether targetCellSMTC-SCG is configured or not, other procedures could be performed independently. Then in the following part, the discussion about the detailed requirements/procedure are considered regardless whether targetCellSMTC-SCG is configured or not. 
One thing should be noted that for FR1+FR1 NR-DC case, we have analyzed in previous meeting that if the target PCell and target PSCell within the same band, there could be AGC issue and SMTC max may be considered. As explained above, if FR1+FR1 NR-DC is not considered in this WI, then this is also no need to consider the case. When targetCellSMTC-SCG is configured, there could be also AGC issue in FR1+FR1 NR-DC when target PCell and target PSCell as within the same band. What’s worse, UE could not find the SSB of target PSCell before finding the target PCell for ACG adjusting. It seems UE could only tune the RF after synchronizing to the target PCell, which may lead to extra interruptions. Then, we may further consider the case when there is interruption on target PCell caused by RF tuning of PSCell. However, if FR1+FR1 NR-DC is not considered in this WI, there is also no AGC issue. It could be assumed that UE could tuning the RF simultaneous even UE could only searching the target PSCell after synchronizing to the PCell as shown in the following Fig.
[image: ]
Fig.1 HO with PSCell in NR-DC when targetCellSMTC-SCG is configured.
2.3 Detailed Requirements
Apart from the cell searching and tine time tracking mentioned above, we further analysis the detailed requirements for the remaining parts of HO with PSCell. For the Tprocessing time, which is for SW processing time and RF warm up when defined in Rel-15. However, there is no need to divide Tprocessing into parts which is implementation specific. 
It was also suggested that for NR-SA to EN-DC, extra processing time shall be considered, e.g. 10 ms which results in 30 ms of Tprocessing in total. Proponent companies argued that there could be cross RAT operations under such cases. However, it could be observed from the current spec that the processing time of inter-RAT handover from NR to LTE is also 20 ms. So the additional processing time or NR-SA to EN-DC is not well justified. For the exact value, considering that the HO and PSCell change/addition can be performed in parallel mostly (extra delay for PSCell change/addition when targetCellSMTC-SCG is configured), Tprocessing should be the maximum one between UE processing timing of HO and UE processing timing of PSCell addition/change.
Proposal 2: Tprocessing is the maximum one between UE processing timing of HO and UE processing timing of PSCell addition/change regardless whether targetCellSMTC-SCG is configured or not.
To decide the ending point of HO with PSCell and the exact delay requirements, the precondition is about the assumption of the RACH procedure. RAN4 sent the LS [2] to RAN2 to consult whether there is restrictions on order of RACH to PCell and PSCell. The LS reply was sent out in the last RAN2 meeting [3], and the response are as follows:
	R2-2106674
RAN2 would like to thank RAN4 for the LS in R2-2104726 on the RACH procedure for HO with PSCell.
RAN2 discussed the issue and would like to inform RAN4 that, from RAN2 perspective, in handover with MR-DC configuration there is no restriction on the order on which the UE shall perform RACH towards the PCell and PSCell.
This is also reflected in the RAN2 endorsed CRs in R2-2106675 and R2-2106676.



It could be observed from RAN2’s LS reply that there is restrictions on the RACH order to PCell and PSCell, which means RACH to PSCell could be before the RACH to PCell or performed simultaneously depending on UE’s capability.
Observation 2: There is no restrictions on orders of RACH towards PCell and RACH towards PSCell.
Therefore, the HO and PSCell addition/change procedures could be considered in parallel without considering the time sequence of the RACH process. Then, it is reasonable to define the delay of HO and delay of PSCell addition/change separately with the ending point as the point that UE is capable to transmit PRACH towards PCell and PSCell respectively. Regarding the issue about parallel or sequential assumption, in the previous meeting, proponent companies supporting the sequential assumption interpreted it as the whole procedure of PSCell addition/change will start after completion of HO process (e.g. after MSG2). However, as elaborated above that even targetCellSMTC-SCG is configured, only the cell searching and fine time tracking of target PSCell shall be performed after synchronizing to the target PCell. Thus, there is no need to further distinguish the case of parallel processing or sequential processing. 
Proposal 3: Define the delay requirements of HO with PSCell as the delay of HO and delay of PSCell addition/change separately. The ending point is the time when UE is capable to transmit PRACH towards target PCell and towards target PSCell respectively.
Based on the analysis above, we found that there is also no need to define the interruption requirements. For the parallel case, it is reasonable that the RF tuning could be performed simultaneously, and no interruptions on each others are expected. For the “sequential procedure” when targetCellSMTC-SCG is configured, as explained above, the RF tuning could also be considered as simultaneously performed without considering the FR1+FR2 NR-DC, which means there is also no interruptions expected.
Proposal 4: No need to define interruption requirements.
In the following part, we further give the detailed requirements of HO with PSCell under each cases. 
For NR SA to EN-DC, the delay of HO and PSCell addition:
THO = TRRC_delay +Tsearch_PCell + TIU + TProcessing 
TPSCell= TRRC_delay + Tprocessing + Tsearch_PSCell + T∆ + TPSCell_ DU + TPCell_DU+ Tmargin ms
Where TRRC_delay = 50 ms, TPCell_DU is the delay uncertainty due to PCell RACH preamble transmission defined in TS 38.213.
For EN-DC to EN-DC, the delay of HO and PSCell addition:
THO = TRRC_delay +Tsearch_PCell + TIU + TProcessing 
TPSCell= TRRC_delay + Tprocessing + Tsearch_PSCell + T∆ + TPSCell_ DU + TPCell_DU+ Tmargin ms
Where TRRC_delay = 20 ms, TPCell_DU is the delay uncertainty due to PCell RACH preamble transmission defined in TS 38.213.
For NE-DC to NE-DC, the delay of HO and PSCell addition:
THO = TRRC_delay + Tsearch_PCell + Tprocessing + TIU + TPSCell_DU + T∆ + Tmargin 
TPSCell= TRRC_delay + Tprocessing + Tactivation_time + TE-UTRAN-PSCell_ DU
Where TRRC_delay = 16 ms, TPSCell_DU is the delay uncertainty due to PSCell RACH preamble transmission defined in TS 38.213.
For NR-DC to NR-DC (FR1+FR2 NR-DC), the delay of HO and PSCell addition:
THO = TRRC_delay + Tsearch_PCell + Tprocessing + TIU  + T∆ + Tmargin 
TPSCell= TRRC_delay + Tprocessing + Tsearch_DU+ Tsearch_PSCell + T∆ + TPSCell_ DU + Tmargin ms
Where TRRC_delay = 16 ms. Tsearch_DU is delay uncertainty due to time tracking of PCell if targetCellSMTC-SCG is configured; Tsearch_DU = 0 otherwise.
It should be noted Tprocessing depends on the conclusion of related issues.
Proposal 5: Define the delay requirements of HO with PSCell as above for each cases.
3. Conclusions
Observation 1: For HO with PSCell in NR-DC case, If targetCellSMTC-SCG is configured, UE shall apply the SMTC configuration of target of target PSCell based on target PCell. 
Proposal 1: For HO with PSCell in NR-DC, cell searching and fine timing tracking shall be performed sequentially when targetCellSMTC-SCG is configured. 
Proposal 2: Tprocessing is the maximum one between UE processing timing of HO and UE processing timing of PSCell addition/change regardless whether targetCellSMTC-SCG is configured or not.
Observation 2: There is no restrictions on orders of RACH towards PCell and RACH towards PSCell.
Proposal 3: Define the delay requirements of HO with PSCell as the delay of HO and delay of PSCell addition/change separately. The ending point is the time when UE is capable to transmit PRACH towards target PCell and towards target PSCell respectively.
Proposal 4: No need to define interruption requirements.
Proposal 5: Define the delay requirements of HO with PSCell as above for each cases.
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