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1. Introduction
In last RAN4 meeting, the RRM requirement for handover with PSCell has been discussed and the conclusions were captured in the WF[1]. However, there are couple of open issues from last meeting, and in this contribution, we continue discussing the RRM requirement for HO with PSCell.
2. Delay requirement design of HO with PSCell
HO with PSCell of NR-SA to EN-DC
In last meeting RAN4 had some discussion on this scenario and the open issues are summarized as,
	Issue 2-2-3d: Processing timeline for NR SA to EN-DC 
· Proposals
· Option 1 (vivo)
· In R17, RAN4 will further discuss and conclude the feasibility and necessity of UE parallel processing in HO with PSCell from NR-SA to EN-DC for the case when network can provide SMTC of target unknown PSCell outside the container obtained from target E-UTRAN PCell, and if needed, send LS to RAN2 asking for the corresponding signalling design.
· In R17, for HO with PSCell from NR-SA to EN-DC, RAN4 work on RRM requirements firstly assuming
· parallel processing for the case when target PSCell is known, and
· sequential processing for the case when SMTC of target unknown PSCell is provided to UE in the container obtained from target E-UTRAN PCell, and
· parallel processing for the case when SMTC of target unknown PSCell is obtained by UE from the MOs of source PCell
· Option 2 (Apple)
· sequential processing is used for the case when SMTC of target unknown PSCell is provided to UE in the container obtained from target E-UTRAN PCell
· otherwise, parallel processing is used (all the other cases shall assume parallel processing since UE doesn’t need to wait for new LTE PCell timing acquisition)
· Option 3 (Qualcomm)
· sequential processing shall be used
· Option 4 (MTK)
· If the SMTC of the target PSCell is configured in HO command:
· UE follows the SMTC in the HO command, which, in this case, is based on the timing reference of target E-UTRAN PCell. Therefore, sequential processing should be performed to get the target PCell timing first.
· If the SMTC of the target PSCell is not configured in HO command:
· If UE is configured with source PCell MO:
· UE follows the SMTC in this MO. Therefore, parallel processing can be performed.
· If UE is not configured with source PCell MO:
· UE assumes SSB has 5ms periodicity. Therefore, parallel processing can be performed.
· Option 5 (Apple, Nokia)
· Wait for RAN2 reply


RAN2 sent a reply LS(R2-2201902) to RAN4 in last meeting, the contents are duplicated as below,
	RAN2 would like to thank RAN4 for the LS on HO with PSCell from NR SA to EN-DC (R4-2120298). RAN2 has already discussed the SMTC timing reference issue in RAN2#116 and concluded as
[010] RAN2 confirms that UE applies the PSCell SMTC configuration based on the timing reference of target EUTRA PCell for the case of NR SA to EN-DC HO with PSCell addition (if explicit SMTC configuration is present in RRCConnectionReconfiguration).
So, the timing reference cell is E-UTRA PCell in the concerned scenario.


For HO with PSCell of NR-SA to EN-DC, since the PSCell SMTC shall be based on the timing reference of the target LTE PCell, then the sequential processing shall be used, i.e., the PSCell addition can be started only after LTE PCell DL synchronization and T/F tracking. However, if the explicit SMTC configuration is absent in RRCConnectionReconfiguration, then we think UE doesn’t need to wait for new LTE PCell timing acquisition. Similar as other scenarios, UE could assume that,
· In HO with PSCell for NR-SA to EN-DC, if SMTC of target unknown PSCell is not configured in RRCConnectionReconfiguration, 
· If source PCell has configured the UE with an MO which have the same SSB frequency and SCS as target PSCell, UE uses the SMTC in the configured MO, or
· If source PCell doesn’t configure the UE with MO which have the same SSB frequency and SCS as target PSCell, UE assumes 5ms as SSB periodicity for target PSCell.
Proposal 1:
For HO with PSCell for NR-SA to EN-DC, 
· if explicit SMTC configuration of target unknown PSCell is present in RRCConnectionReconfiguration, sequential processing is used.
· Otherwise, if explicit SMTC configuration of target unknown PSCell is absent in RRCConnectionReconfiguration, parallel processing is used.
· If source PCell has configured the UE with an MO which have the same SSB frequency and SCS as target PSCell, UE uses the SMTC in the configured MO, or
· If source PCell doesn’t configure the UE with MO which have the same SSB frequency and SCS as target PSCell, UE assumes 5ms as SSB periodicity for target PSCell.

UE processing time for RF warm up(if applicable) and SW preparation
For parallel processing, the open issue for UE processing time was:
	Issue 2-2-3b: If UE SW processing and RF warm-up for PCell HO and PSCell addition/change are performed in parallel
· Proposals
· Option 1: (CATT, Apple, OPPO, ZTE, Huawei, Ericsson)
· Tprocessing for HO with PSCell = max(Tprocessing for PCell HO, Tprocessing for PSCell addition/change)
· Option 1a: (Qualcomm, vivo, Xiaomi, MTK, Apple, OPPO)
· Tprocessing for HO with PSCell = max(Tprocessing for PCell HO, Tprocessing for PSCell addition/change) + [X] ms.
· X=5 (Qualcomm, Xiaomi, OPPO)
· X=10 (MTK, Apple, Qualcomm)
· X=FFS and can be different for different HO with PSCell scenarios (vivo)
· Option 2a: (Intel, CMCC, [Nokia])
· Tprocessing applies independently for PCell and PSCell.
·  FFS whether margin is needed


If parallel processing for HO with PSCell is used, UE would perform the SW/stack for PCell HO and PSCell addition/change simultaneously, the total UE processing time for HO with PSCell could be the maximum one between UE processing timing of legacy HO and UE processing timing of legacy PSCell addition.
Proposal 2: If UE SW processing and RF warm-up for PCell HO and PSCell addition/change are performed in parallel,
· Tprocessing for HO with PSCell = max(Tprocessing for PCell HO, Tprocessing for PSCell addition/change).
However, as we commented in last meeting, we can also compromise to the option 1a in which X=10ms is used.
In last meeting, it was a long discussion on sequential processing for HO with PSCell, and the agreement are duplicated as below,
	GTW Agreements.
· Agreement
· Introduce extra margin Y ms for sequential processing case comparing to parallel processing case for UE SW processing and RF warm-up for [PCell handover] and PSCell addition/change
· Y = [10] ms
· Note: no extra interruption is required


The UE processing margin is also a scenario specific time delay in HO with PSCell. The legacy UE processing margin/delay in legacy HO and in legacy PSCell addition accounts for UE SW/stack preparation time and possible RF warm-up time if needed. Since we have two different processing methods, we need to differentiate the processing time margin for both sequential processing and parallel processing.
We think the processing time of Yms shall be applied to PCell HO as well as PSCell addition. The reason is: for PSCell RF warm up or SW preparation, if it’s not implemented simultaneously as RF warm up for PCell HO, it may cause interruption during PSCell processing time and PCell cannot either use this Yms for DL synchronization, and therefore we propose to apply this Yms exta margin for both PCell HO and PSCell addition in sequential processing scenarios.
Proposal 3: RAN4 to confirm:
· Introduce extra margin Y ms for sequential processing case comparing to parallel processing case for UE SW processing and RF warm-up for PCell handover and PSCell addition/change
· Y = 10 ms
· Note: no extra interruption is required
3. Conclusion
In this contribution we discuss the scenarios for HO with PSCell as well as the requirements for corresponding HO delay.
Proposal 1:
For HO with PSCell for NR-SA to EN-DC, 
· if explicit SMTC configuration of target unknown PSCell is present in RRCConnectionReconfiguration, sequential processing is used.
· Otherwise, if explicit SMTC configuration of target unknown PSCell is absent in RRCConnectionReconfiguration, parallel processing is used.
· If source PCell has configured the UE with an MO which have the same SSB frequency and SCS as target PSCell, UE uses the SMTC in the configured MO, or
· If source PCell doesn’t configure the UE with MO which have the same SSB frequency and SCS as target PSCell, UE assumes 5ms as SSB periodicity for target PSCell.
Proposal 2: If UE SW processing and RF warm-up for PCell HO and PSCell addition/change are performed in parallel,
· Tprocessing for HO with PSCell = max(Tprocessing for PCell HO, Tprocessing for PSCell addition/change).
Proposal 3: RAN4 to confirm:
· Introduce extra margin Y ms for sequential processing case comparing to parallel processing case for UE SW processing and RF warm-up for PCell handover and PSCell addition/change
· Y = 10 ms
· Note: no extra interruption is required
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