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Introduction
In RAN4 99e, the WF R4-2108045 was agreed in [1]. Some other issues are further discussed in RAN #92.
Moreover, LS reply from RAN2 in [2] is available in this meeting
In this paper our views on HO with PSCell are provided.
Discussion on the scope of HO with PSCell
In last meeting, for issue 2-1-1 in [1], in addition to the scenarios listed in the WID, three additional scenarios were discussed.
· from NR SA to NE-DC (newly added)
· from NR SA to NR-DC (newly added)
· from LTE SA to EN-DC (newly added)
These 3 new scenarios were further discussed in RAN Plenary. However, no scope extension was agreed in RAN Plenary. Therefore, RAN4 should follow the decision.
Proposal 1  No more discussion on the new scenarios for HO with PSCell.
In last meeting, the NR-DC and NE-DC mode in HO with PSCell was discussed.
· Issue 2-1-2: NR-DC and NE-DC mode in HO with PSCell
· FFS:
· Option 1(CATT, 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 (CMCC, Apple, Xiaomi, Ericsson, Huawei, Intel, NEC, vivo, Nokia, Qualcomm, OPPO, Docomo):
· FR1+FR2 NR-DC and FR1+FR1 NR-DC for HO with PSCell from NR-DC to NR-DC
· Note: the baseline PSCell addition requirement for FR1+FR1 NR-DC would be discussed in TEI16.
· FR1+LTE NE-DC for HO with PSCell from NE-DC to NE-DC.
· Recommended WF (MTK)
· FR1+FR2 NR-DC for HO with PSCell from NR-DC to NR-DC is supported.
· FR1+LTE NE-DC for HO with PSCell from NE-DC to NE-DC is supported.
· FR1+FR1 NR-DC for HO with PSCell from NR-DC to NR-DC is FFS
· the baseline PSCell addition requirement for FR1+FR1 NR-DC would be discussed in TEI16.
· FR2+LTE NE-DC for HO with PSCell from NE-DC to NE-DC is FFS.

According to RAN #92 decision, RRM requirements for FR1+FR1 NR-DC is still not in the scope of R17 feRRM WI. Therefore, it is precluded in the options.
For NE-DC, we think FR2+LTE NE-DC can be deprioritized. 
Proposal 2  For NR-DC and NE-DC mode in HO with PSCell, in R17 RAN4 considers FR1+FR2 NR-DC for HO with PSCell from NR-DC to NR-DC, and only considers FR1+LTE NE-DC for HO with PSCell from NE-DC to NE-DC.

Discussion on the Delay requirement design of HO with PSCell
As discussed in last meeting, the key point is to discuss and agree on the timeline for HO with PSCell in various cases. For issue 2-2-1, the following was discussed.
· 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).

For the issue of ‘targetcellSMTC-SCG-r16’, the description on the signalling in TS 38.331 is as follows.
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.

[bookmark: _GoBack]Based on the description, the timing of target PSCell SMTC configuration should be based on the NR target PCell. However, the timing reference NR target PCell can be either based on source PCell or the SMTC of the MO that related to the NR PCell. This timing reference can be regarded as known during HO with PSCell. Moreover, the SMTC is normally a 1ms to 5ms window that does not need precise timing information. It is not necessary for UE to complete the PCell synchronization before PSCell synchronization starts. Hence, parallel processing can still be assumed in this case.
Moreover, according to the reply LS from RAN2 [2], there is no assumption on whether the RACH has to be performed in PCell or PSCell first. This is already clarified in RAN2 spec.
Therefore, we have the following proposal.
Proposal 3: Take parallel processing for R17 HO with PSCell for all procedure including RACH, and for all configurations including the case that ‘targetcellSMTC-SCG-r16’ is configured.
Another issue that needs careful consideration is RF chain activation and tuning time, which is normally counted in the Tprocessing. In NR R15, it was discussed that interruptions are considered if changing the operating BW of a RF chain, configuring or deconfiguring a RF chain, activating or deactivating a RF chain happens [3] [4]. Such interruptions imply some serial operations at UE side. For example, if RF activation at UE side is needed for the PSCell, then the HO operation on the other chain i.e. Pcell would need to be stopped. Moreover, normally the consumed time for RF chain activation would be longer than tuning. Considering the scenarios agreed in [1], several cases are identified.
· Case I: For “EN-DC to EN-DC”, “NR-DC to NR-DC”, “NE-DC to NE-DC”, if both the target PCell or target PSCell are known then UE may not need to activate or deactivate any RF chains, but re-tuning might be needed.
· Case II: For “EN-DC to EN-DC”, “NR-DC to NR-DC”, “NE-DC to NE-DC”, if both the target PCell and target PSCell is in the same band as the source cell, then UE may not need to activate RF, but re-tuning might be needed.
· Case III: For all other cases, including “NR SA to EN-DC”, RF chain activation might be needed.
In last meeting, based on companies’ input, moderator proposed to further consider baseline for UE processing time as [30] ms for NRSA to ENDC, and the details can be further discussed. For other cases PSCell change requirement can be re-used. The [30] ms has counted additional RF warm-up time from NR SA to EN-DC.
Therefore, we have the following proposals:
Proposal 4  RF chain activation and retuning time needs to be further discussed in the timeline of HO with PSCell.
Proposal 5  RAN4 consider baseline for UE processing time as [30] ms for NRSA to ENDC, and the details can be further discussed. For other cases PSCell change requirement can be re-used.
Based on above discussion, our view is that parallel processing between PCell and PSCell should be the baseline assumption for R17. Based on this assumption, it seems that the delay requirement can be separately defined for PCell and PSCell, since the interruption to scheduling can be different for these 2 cells. For example, after PCell finished HO, then PCC can be scheduled even before PSCell addition is completed.
Proposal 6  For the delay requirement, the ending point of handover with PSCell can be considered separately for PCell and PSCells.
Proposal 7  RAN4 assumes PCC could be scheduled for UE when PCell HO is completed but PSCell addition is not completed
In last meeting, the following was discussed.
· Issue 2-2-6: Optimisation for the case when PSCell is not changed during HO with PSCell
· Option 1 (ZTE, CATT, Apple, OPPO, Ericsson, vivo, Xiaomi, Qualcomm, Intel): For UE which is already configured with DC, the UE’s behavior is same when the configured PSCell is same as the original one or not.
· Option 2 (Nokia): If the target PSCell is same as source PSCell, UE should have known the timing, then it is no need for fine time tracking for target PSCell.

Regarding this case, we are not sure here the PSCell is not changed implies that the timing of the PSCell is still exactly the same as before. Actually for multi-TRP scenario this can be different. Therefore, we do not see the necessity to further consider any optimization.
Proposal 8  Even if PSCell is not changed during HO with PSCell, T∆ reduction seems not necessary, considering the multi-TRP deployment.
Discussion on interruption requirements and others
In last meeting, the following was discussed.
· Issue 2-3-2: Interruption requirement for HO with PSCell
· Option 1 (CATT, Xiaomi, vivo): No interruption requirement should be defined during HO with PSCell
· Option 1a (Huawei, Docomo): No interruption requirement should be defined during HO with PSCell for parallel processing. FFS for sequential processing, if needed.
· Option 2 (MTK, Ericsson, CATT, Intel, Nokia):  No new interruption requirement for HO with PSCell is needed. Interruption in legacy handover delay requirement can still be applied for the PCell
· Option 3 (Apple, OPPO, Huawei): Interruption in legacy handover delay requirement can be applied for Pcell. No interruption is defined on PSCell.
· If sequential processing is used for HO with PSCell, UE may have an interruption on new PCell due to the PSCell addition. 
· If parallel processing is used for HO with PSCell, no need to define interruption requirement.
· Option 5 (NEC, Qualcomm): RAN4 to postpone the discussion on interruption uncertainty (TIU) till reply LS from RAN2 is received.
· Option 6 (Qualcomm): Depending on RAN2 LS reply.

For interruption, the overall procedure needs to be considered. However, since handover happens, and PSCell is added simultaneously, it seems there is no need to further consider interruption for PSCell addition in these cases. The delay period has already covered the interrupted interval for transmission.
Proposal 9  RAN4 do not need to specify interruptions for handover with PSCell.
In last meeting, the following was discussed.
· Issue 2-4-1: 2 step and 4 step RACH for HO with PSCell
· Option 1a (ZTE, Nokia, vivo): 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 (NEC, Ericsson, ZTE, Nokia): RAN4 to define both 2-step and 4-step RACH requirements for handover with PSCell.
· Option 2 (Apple, Xiaomi, OPPO, MTK): for requirement of HO with PSCell, RAN4 starts the discussion with 4 step RACH first and FFS on 2 step RACH.
· Option 3 (CATT, Qualcomm): Waiting RAN2 response and conclusions of other issues for 2 step and 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 10  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.

Conclusions
Based on above analysis, we have following proposals.
Proposal 1  No more discussion on the new scenarios for HO with PSCell.
Proposal 2  For NR-DC and NE-DC mode in HO with PSCell, in R17 RAN4 considers FR1+FR2 NR-DC for HO with PSCell from NR-DC to NR-DC, and only considers FR1+LTE NE-DC for HO with PSCell from NE-DC to NE-DC.
Proposal 3: Take parallel processing for R17 HO with PSCell for all procedure including RACH, and for all configurations including the case that ‘targetcellSMTC-SCG-r16’ is configured.
Proposal 4  RF chain activation and retuning time needs to be further discussed in the timeline of HO with PSCell.
Proposal 5  RAN4 consider baseline for UE processing time as [30] ms for NRSA to ENDC, and the details can be further discussed. For other cases PSCell change requirement can be re-used.
Proposal 6  For the delay requirement, the ending point of handover with PSCell can be considered separately for PCell and PSCells.
Proposal 7  RAN4 assumes PCC could be scheduled for UE when PCell HO is completed but PSCell addition is not completed
Proposal 8  Even if PSCell is not changed during HO with PSCell, T∆ reduction seems not necessary, considering the multi-TRP deployment.
Proposal 9  RAN4 do not need to specify interruptions for handover with PSCell.
Proposal 10  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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