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Introduction
In RAN4 98e-bis, the WF R4-2105787 was agreed in [1] and a LS to RAN2 [2] is approved. 
Moreover, LS reply from RAN2 in [3] is available in this meeting
In this paper our views on HO with PSCell are provided.
Discussion on the potential scenarios 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 proposed.
· from NR SA to NE-DC (newly added)
· from NR SA to NR-DC (newly added)
· from LTE SA to EN-DC (newly added)
In our view based on current WID these 3 new scenarios are out-of-scope. However, we are open to discuss about the necessity of WID scope revision in the next RAN plenary meeting, if these scenarios are really needed in operator’s deployment. Technically we see RAN2 spec for these new scenarios is clear, while the addition to the RAN4 work load in specifying requirements for these case seems adoptable. 
Proposal 1  Further discuss the newly added scenarios in the RAN plenary, and before that RAN4 will not discuss on this issue.
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, 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 NR-DC, both FR1+FR2 NR-DC and FR1+FR1 NR-DC are important scenarios. In our understanding they can be both supported in R17. Option 2a further clarified how to discuss baseline requirement for PSCell addition requirements for FR1+FR1 NR-DC, which seems to be a reasonable solution.
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, we support Option 2/2a from last meeting, i.e. in R17 RAN4 considers FR1+FR2 NR-DC and FR1+FR1 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.
In our understanding, for concerned DC cases, as agreed in last meeting, RAN4 need to identify which procedures can be parallel processed and which procedures need to be sequentially processed. The possible background information for this are the baseline assumptions behind R15/R16 requirements. In our understanding it is important to reduce the overall delay and interruption caused by HO, and therefore parallel processing should be the baseline.· Agreements:
· Timeline for HO with PSCell 
· Option 1 (Xiaomi, Apple, OPPO): PCell HO and PSCell addition is performed in a sequential order.
· Option 2 (CATT, CMCC, Huawei, MTK, QC, ZTE, NEC, Ericsson): PCell HO and PSCell addition is performed in parallel.
· Option 3 (NTT DOCOMO, Intel, OPPO, Nokia, Ericsson, NEC): Some of procedures of HO with PSCell should be able to be performed in parallel, but RACH processing is performed in a sequential order (RACH procedure of PSCell will happen after the RACH procedure of PCell).
· Other options are not precluded
· Send LS to RAN2 to clarify possible restrictions on parallel or sequential RACH processing from RAN2 perspective

In last meeting, the RACH procedure was identified as the one of procedure that may need sequential processing. Actually for PSCell addition, the RACH occasion collision is taken as a factor in LTE DC requirements and re-used in NE-DC requirements, which seems not necessary. Even though LS is sent to RAN2, in our understanding the RAN2 spec has not provided any information on whether the RACH needs to be sequentially processed or not. It can be either sequential or parallel, which is up to UE implementation, as long as taking the following constraints into consideration
· [bookmark: _GoBack]Single UL capability. For EN-DC and NE-DC, single UL capability was already defined in R15, and TDM patterns are configured for those cases where UE supports only single uplink in the band combination.
· UL power sharing. If PRACH occasion collides, UL power sharing between carriers may need to be considered.
Given above constraints, at least for some cases sequential processing of RACH is needed. Therefore, we have the following proposal:
Proposal 3  RAN4 proceed requirements discussion on HO with PSCell with 2 case: RACH is performed in sequential and RACH is performed in parallel. 
Proposal 4  The requirements defined for the case RACH performed in sequential is only applicable for certain band combination and for some certain cases of the uplink PRACH power.
Another issue that needs careful consideration is RF chain activation and tuning time. 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 [4] [5]. 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.
Therefore, we have the following proposals:
Proposal 5  RF chain activation and retuning time needs to be considered in the timeline of HO with PSCell.
Based on above discussion, our view is that parallel processing between PCell and PSCell should be the baseline assumption for R17, while at least for some part sequential processing should be considered. 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 2-2-5: optimisation for the case when PSCell is not changed during HO with PSCell
· Option 1(Xiaomi, CATT, Apple, OPPO, vivo, QC, HW, Intel, MTK, NEC, DCM, ZTE): For UE which is already configured with DC, the UE’s behaviour is same when the configured PSCell is same as the original one or not.
· Option 2 (Ericsson, Nokia, NEC): When source and target PSCell is the same cell, then fine time tracking T∆=0 shall apply.

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.
Another issue is that the based on RRC processing delay feedback from RAN2 [3], RAN4 can proceed with the requirement definition based on RAN2 input.
Discussion on interruption requirements and others
In last meeting, the following was discussed.
· Issue 2-3-2: Interruption requirement for HO with PSCell
· FFS:
· Option 1 (Xiaomi, HW, vivo, QC, ZTE, DOCOMO, CATT): No interruption requirement should be defined during HO with PSCell
· Option 2 (CATT): Interruption in legacy handover delay requirement can be applied for PCell. No interruption is defined on PSCell.
· Option 3 (Apple): 
· If sequential processing is used for HO with PSCell, UE would have an interruption on new PCell due to the PSCell addition. 
· If parallel processing is used for HO with PSCell and PSCell addition is completed earlier than PCell HO, no need to define interruption requirement since interruption has been reflected by HO delay.
· If parallel processing is used for HO with PSCell and PSCell addition is completed later than PCell HO, UE may have an interruption on new PCell due to RF tuning for PSCell addition.
· Option 4 (ZTE): For interruption requirements, consider the following options:
· Specify a total interruption for handover and PSCell addition
· Specify separate interruptions for handover and PSCell addition.
· Option 5 (MTK): RAN4 to specify the PCell interruption time for the overall HO with PSCell procedure.

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
· FFS:
· Option 1 (CATT, QC, Ericsson(if parallel is agreed)): The delay requirements for HO with PSCell are not relative with 2 step or 4 step RACH if the ending point of delay is defined as PRACH transmission of UE.
· Option 2 (Apple, vivo, OPPO, Xiaomi, MTK, Intel): for requirement of HO with PSCell, RAN4 starts the discussion with 4 step RACH first and FFS on 2 step RACH.
· Option 3 (NEC, Ericsson, ZTE, Nokia, Apple): RAN4 to define both 2-step and 4-step RACH requirements for handover with PSCell. 

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 start the discussion with 4 step RACH, and the applicability rule for 2-step RACH can be updated later, considering the same expression of requirements will be used.

Conclusions
Based on above analysis, we have following observations and proposals.
Proposal 1  Further discuss the newly added scenarios in the RAN plenary, and before that RAN4 will not discuss on this issue.
Proposal 2  For NR-DC and NE-DC mode in HO with PSCell, we support Option 2/2a from last meeting, i.e. in R17 RAN4 considers FR1+FR2 NR-DC and FR1+FR1 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  RAN4 proceed requirements discussion on HO with PSCell with 2 case: RACH is performed in sequential and RACH is performed in parallel. 
Proposal 4  The requirements defined for the case RACH performed in sequential is only applicable for certain band combination and for some certain cases of the uplink PRACH power.
Proposal 5  RF chain activation and retuning time needs to be considered in the timeline of HO with PSCell.
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 start the discussion with 4 step RACH, and the applicability rule for 2-step RACH can be updated later, considering the same expression of requirements will be used.
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