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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, including details of HO with PSCell requirements. In this paper, we further provide our views on these left issues.
2. Discussion
Regarding the requirements for HO with PSCell, the agreements reached in last meeting are summarized as follows:
	Issue 2-2-1a-1: Condition of parallel processing without considering RACH for NR SA to EN-DC 
RAN4 agrees to send an LS to RAN2 asking for clarification on configuration of HO with PSCell for NR SA to EN-DC scenario.

Issue 2-2-1b: Whether requirements for sequential processing are needed if parallel processing is only possible under certain condition
· RRM requirements for HO with PSCell are defined for both parallel processing cases and sequential processing cases when applicable, irrelevant of deployment scenarios.

Issue 2-2-2b-1: Timeline for parallel processing delay requirements without considering Tprocessing and RA procedures
· For parallel processing cases, PCell HO and PSCell addition are performed in parallel independently

[bookmark: _Hlk87552555]Issue 2-2-2b-2: Timeline for sequential processing delay requirements without considering Tprocessing and RA procedures
· Sequential processing is used for
· Cell search
· SSB processing margin (i.e. 2ms)
· Fine time/frequency tracking and acquiring timing information for PCell

Issue 2-2-5: Ending point of the delay requirement for HO with PSCell
· Defining delay requirements for HO and PSCell addition/change separately with the ending points defined as PCell PRACH and PSCell PRACH respectively.

Issue 2-2-8: Delay requirements design
· New HO with PSCell RRM requirements are specified in dedicated sections.

Agreements in the 2st round email discussion
Issue 2-2-2a: How the requirements for parallel processing and sequential processing are defined without considering Tprocessing and RA procedures
· Different requirements for parallel processing cases and sequential processing cases 

[bookmark: _Hlk87551835]Issue 2-2-2c: SMTC for target NR PSCell
· In HO with PSCell for NR-DC to NR-DC, if SMTC of target unknown PSCell is not configured in either targetcellSMTC-SCG-r16 or reconfigurationWithSync, 
· If either source PCell or source PSCell 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 both source PCell and source PSCell have configured the UE with MOs which have the same SSB frequency and SCS as target PSCell, it is FFS which SMTC in which configured MO the UE uses, or
· If neither source PCell nor source PSCell has configured the UE with MO which have the same SSB frequency and SCS as target PSCell, UE assumes 5ms as SSB periodicity for target PSCell.
· In HO with PSCell for NR SA to EN-DC, if SMTC of target unknown PSCell is not configured, 
· FFS. 
· In HO with PSCell for EN-DC to EN-DC, if SMTC of target unknown PSCell is not configured, 
· If either source LTE PCell or source NR PSCell 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 both source LTE PCell and source NR PSCell have configured the UE with MOs which have the same SSB frequency and SCS as target PSCell, it is FFS which SMTC in which configured MO the UE uses , or
· If neither source LTE PCell nor source NR PSCell has configured the UE with MO which have the same SSB frequency and SCS as target PSCell, UE assumes 5ms as SSB periodicity for target PSCell.

Issue 2-2-3e: Tprocessing for PSCell addition/change
It is for common understanding of existing PSCell addition/change requirements. 
· For PSCell change for NR-DC and EN-DC
· 20ms, when source and target cells are in the same FR
· 40ms, when source and target cells are in different FRs
· For PSCell addition for NR-DC and EN-DC
· 20ms, when NR PSCell is in the same FR as PCell
· 40ms, when NR PSCell is in the different FR from PCell


Sub-topic 2-3 Interruption requirement design of HO with PSCell
Agreements in the 1st round email discussion
Issue 2-3-2a: Interruption requirements, similar as Tinterrupt for in legacy handover requirements, for HO with PSCell
· Interruption in legacy handover delay requirement can be applied for PCell. No interruption is defined for PSCell addition/change.

Agreements in the 2st round email discussion
Issue 2-3-2b: Interruption requirements on PCell due to PSCell RF retuning
· For parallel processing cases, no additional interruption requirements should be defined during HO with PSCell
· FFS cases when sequential processing is used for HO with PSCell




In the following parts in this paper, we will provide analysis on the remaining issues.
Delay requirement design of HO with PSCell
One of the issues is what SMTC to use when source PCell and source PSCell configured MO having same have the same SSB frequency and SCS as target PSCell. The current status are summarized as follows:
	Issue 2-2-2c-1: If both source PCell and source PSCell configured MOs which have the same SSB frequency and SCS as target PSCell, UE use the SMTC in the MO 
· Proposals
· Option 1 (Apple, Huawei, Xiaomi, Intel, CMCC, vivo, Ericsson)
· Configured by PCell
· Option 2 (Apple, Huawei, Xiaomi, Intel, CMCC, vivo, Ericsson)
· Up to UE implementation
· Option 3 (Nokia)
· Shortest SMTC in the configured MOs



Similar issue has already been discussed in Rel-15 core part maintenance, and it was agreed that it is up to UE implementation to choose one of the SMTC configurations. Firstly, according to RAN2 spec TS 38.331, no matter which SMTC UE chooses, the measurement window will contain the other one or vice-versa. If we want to have to controllable delay requirement, it is reasonable to define the requirements based on SMTC configured by PCell. But we have no strong views on this, we are also fine to leave it to UE implementation, then the requirements are defined based on conservative value (longer periodicity).
Proposal 1:  If both source PCell and source PSCell configured MOs which have the same SSB frequency and SCS as target PSCell, UE use the SMTC in the MO configured by PCell or up to UE implementation.
Another issues is about the Tprocessing in the requirements. During the discussion in previous meetings, companies provide comments on timeline of Tprocessing, and on how to define the exact value for different cases. However, as there are four scenarios to be considered including cross FR and cross RAT operations, it is hard to summarize and agree on high level principles of this Tprocessing which is implementation specific. Thus, it is suggested to directly discuss the value in case by case manner. 
Observation 1: It is clearer to discuss the exact value of Tprocessing in case by case manner. 
Observed from the comments during previous discussion, companies have different views on the definition of Tprocessing, whether it is a common component for both HO and PSCell change/addition or there is individual Tprocessing for HO and PSCell change/addition respectively. From our understanding, to make the specification clearer and to facilitate the discussion, it is suggested to define separate Tprocessing to HO and PSCell change/addition.
The exact value for Tprocessing_HO and Tprocessing_PSCell for related scenarios are proided as follows:
Table I. Tprocessing_HO and Tprocessing_PSCell for HO with PSCell
	Scenarios
	Source PCell
	Target PCell
	Source PSCell
	Target PSCell
	Tprocessing_HO
	Tprocessing_PSCell


	NR SA to EN-DC
	FR1
	LTE
	NA
	FR1
	20ms
	20ms

	
	FR1
	LTE
	NA
	FR2
	40ms
	40ms

	
	FR2
	LTE
	NA
	FR1
	40ms
	40ms

	
	FR2
	LTE
	NA
	FR2
	40ms
	40ms

	EN-DC to EN-DC
	LTE
	FR1
	LTE
	FR1
	20ms
	20ms

	
	LTE
	FR1
	LTE
	FR2
	40ms
	40ms

	
	LTE
	FR2
	LTE
	FR1
	40ms
	40ms

	
	LTE
	FR2
	LTE
	FR2
	20ms
	20ms

	NE-DC to NE-DC
	FR1
	LTE
	FR1
	LTE
	20ms
	20ms

	NR-DC to NR-DC
	FR1
	FR2
	FR1
	FR2
	20ms
	20ms



Proposal 2: Define Tprocessing for HO with PSCell according to Table I.
Regarding the timing reference of target NR PSCell SMTC for HO with PSCell from NR-SA to EN-DC, RAN4 sent an LS to RAN2 for clarification in last meeting [2]. According to the lasted discussion in RAN2#116e, RAN2 has already concluded that the timing of target EUTRA PCell shall be used for HO with PSCell from NR-SA to EN-DC.
	[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).




Observation 2: According to RAN2 agreement, 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.
Regarding to how to organize the requirements, it was agreed in last meeting that new HO with PSCell RRM requirements are specified in dedicated sections. Companies also suggested that to have separate requirements for parallel processing and sequential processing. From our understanding, the term parallel processing and sequential processing are only used for discussion, and it is mainly about UE implementation, which we believe there is no needed to be explicitly mentioned in specification. A feasible approach is to have different value for some components for parallel and sequential processing. The draft test proposal of the requirements for HO with EN-DC to EN-DC could be found in our companied CR [3] according to the CR work split.



Interruption requirements 
For the interruption requirements, one of the remaining issue is whether to allow interruption on target PCell due to PSCell addition/change. 
	Issue 2-3-2b: Interruption requirements on PCell due to PSCell RF retuning
· Proposals
· Option 1 (Nokia, MTK, Ericsson, Huawei, Qualcomm, Intel, vivo, CATT, MTK)
· No additional interruption requirements should be defined during HO with PSCell
· Option 2 (Apple, Xiaomi, OPPO)
· 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.
 



During the discussing in the last meeting, companies argued that for sequential processing, UE can switch the RF after PCell RF switching, and the reason is that UE may avoid the power consumption compared with UE tunes the RF together for both PCell and PSCell at beginning. From our understanding, HO with PSCell procedure is not that frequent and the power consumption is negligible. And the benefit is obvious that there is no additional interruptions. If this additional interruption is allowed, thing will be very complicated that it is unclear where the interruptions will be located. It could happen that the RACH transmission in PCell is interrupted and the behavior of the HO with PSCell is less predictable. So compared with the power consumption concern and the additional interruption. It is preferred to avoid such interruptions.
Proposal 3: No need to define interruption requirements on target PCell due to PSCell addition/change.
Generic RACH assumption for HO with PSCell
Regarding to the RACH occasion collisions between PCell and PSCell, the current status are summarized as follows:
	Issue 2-4-2: RACH occasion collision between Pcell and PSCell
· Proposals
· Option 1 (Apple, Huawei, MTK, Ericsson): 
· for FR1+FR1 EN-DC, an additional uncertainty delay due to PSCell RACH collision with PCell UL channels may be introduced if the PSCell RACH cannot be transmitted based on the criteria in TS38.213 section 7.6.1; 
· for FR1+FR1 NE-DC, an additional uncertainty delay due to PCell RACH collision with PSCell RACH may be introduced if the PCell RACH cannot be transmitted based on the criteria in TS38.213 section 7.6.2; 
· otherwise, if target PCell and target PSCell are on the different FRs for EN-DC or NR-DC, no need to consider RO collision issue.
· Option 3 (CATT, ZTE, Huawei, Qualcomm, vivo, Nokia): 
· The requirement for handover with PSCell will be defined for no collision of PSCell PRACH with PCell PRACH, and adding clarification that additional uncertainty delay can be expected for this case.


The motivation of option 1 is that the transmission of NR will be dropped when colliding with EUTRA according to TS 38.213. We are generally fine with the clarification as there is already such statement in TS 38.133 and there is also related correction in [4]. During the discussion in last meeting, companies proposed that it could also be clarified that the requirements apply when no collision happens. From requirement perspective, we think either way is fine. To align with existing requirements, we prefer option 1.
Proposal 4: 
for EN-DC, an additional uncertainty delay due to PSCell RACH collision with PCell UL channels may be introduced if the PSCell RACH cannot be transmitted based on the criteria in TS38.213 section 7.6.1; 
for NE-DC, an additional uncertainty delay due to PCell RACH collision with PSCell RACH may be introduced if the PCell RACH cannot be transmitted based on the criteria in TS38.213 section 7.6.2; 
otherwise, if target PCell and target PSCell are on the different FRs for EN-DC or NR-DC, no need to consider RO collision issue.

3. Conclusions
Proposal 1:  If both source PCell and source PSCell configured MOs which have the same SSB frequency and SCS as target PSCell, UE use the SMTC in the MO configured by PCell or up to UE implementation.
Observation 1: It is clearer to discuss the exact value of Tprocessing in case by case manner. 
Proposal 2: Define Tprocessing for HO with PSCell according to Table I.
Table I. Tprocessing_HO and Tprocessing_PSCell for HO with PSCell
	Scenarios
	Source PCell
	Target PCell
	Source PSCell
	Target PSCell
	Tprocessing_HO
	Tprocessing_PSCell


	NR SA to EN-DC
	FR1
	LTE
	NA
	FR1
	20ms
	20ms

	
	FR1
	LTE
	NA
	FR2
	40ms
	40ms

	
	FR2
	LTE
	NA
	FR1
	40ms
	40ms

	
	FR2
	LTE
	NA
	FR2
	40ms
	40ms

	EN-DC to EN-DC
	LTE
	FR1
	LTE
	FR1
	20ms
	20ms

	
	LTE
	FR1
	LTE
	FR2
	40ms
	40ms

	
	LTE
	FR2
	LTE
	FR1
	40ms
	40ms

	
	LTE
	FR2
	LTE
	FR2
	20ms
	20ms

	NE-DC to NE-DC
	FR1
	LTE
	FR1
	LTE
	20ms
	20ms

	NR-DC to NR-DC
	FR1
	FR2
	FR1
	FR2
	20ms
	20ms



Observation 2: According to RAN2 agreement, 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.
Proposal 3: No need to define interruption requirements on target PCell due to PSCell addition/change.
Proposal 4: 
for EN-DC, an additional uncertainty delay due to PSCell RACH collision with PCell UL channels may be introduced if the PSCell RACH cannot be transmitted based on the criteria in TS38.213 section 7.6.1; 
for NE-DC, an additional uncertainty delay due to PCell RACH collision with PSCell RACH may be introduced if the PCell RACH cannot be transmitted based on the criteria in TS38.213 section 7.6.2; 
otherwise, if target PCell and target PSCell are on the different FRs for EN-DC or NR-DC, no need to consider RO collision issue.
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