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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 parallel and sequential assumptions and details of HO with PSCell requirements. In this paper, we further provide our views on these left issues.
2. Discussion
Regarding the applicable scenario for HO with PSCell, it was agreed in last meeting that RAN4 will stick to the original four cases, and only FR1+FR2 NR-DC and FR1+LTE NE-DC will be considered. The agreements are summarized as follows:
	Agreements in the 1st round email discussion
· RAN4 specifies RRM requirement for HO with PSCell for the following scenarios as in the WID RP-202874:
· from NR SA to EN-DC
· from EN-DC to EN-DC
· from NE-DC to NE-DC
· from NR-DC to NR-DC

· In Rel-17, RAN4 define RRM requirements for NR-DC and NE-DC mode 
· FR1+FR2 NR-DC
· FR1+LTE NE-DC

Agreements in the 2st round email discussion
· The baseline RRM requirements for FR1+FR1 NR-DC is not in the scope of Rel-17 FeRRM WI. It is up to RAN plenary decision whether and in which release the baseline RRM requirements for FR1+FR1 NR-DC are specified.




In the following parts in this paper, the pending issues will be analyzed in a case-by-case manner.
2.1 Parallel and sequential operation
The most critical issue about the about the parallel or sequential assumption. The agreements are summarized as following:
	Agreements during GTW session
· In HO with PSCell for NR-DC to NR-DC
· Parallel processing shall be the baseline for delay requirements 
· Sequential processing shall be assumed for the following cases
· Case 1: If SMTC of target unknown PSCell is configured in targetcellSMTC-SCG-r16 but not configured in reconfigurationWithSync.
· Sequential processing is used for cell search and [timing sync]. FFS if additional margin shall be added.

Agreements in the 1st round email discussion
· RACH processing for PCell and PSCell are performed in parallel independently.
· For UE which is already configured with DC, the UE’s behavior is the same whether the configured PSCell is same as the original one or not.

Agreements in the 2nd round email discussion
· In HO with PSCell for EN-DC to EN-DC
· Parallel processing shall be the baseline for delay requirements 
· In HO with PSCell for NE-DC to NE-DC
· Parallel processing shall be the baseline for delay requirements 

· Tprocessing for PCell HO
· Reuse the Tprocessing defined for legacy PCell HO
· 20ms, when source and target cells are in the same FR
· 40ms, when source and target cells are in different FRs




HO with PSCell from NR-DC to NR-DC
For HO with PSCell form NR-DC to NR-DC, it is agreed in the last meeting that sequential processing shall be assumed when targetCellSMTC-SCG is configured, as the target PCell will be considered as the reference cell to determine the SMTC of target PSCell. And it is also clear that when SMTC is only provided in reconfigurationWithSync, SMTC shall be based on the timing of source PSCell. During the discussion in last meeting, some companies pointed out what if SMTC is configured in both targetCellSMTC-SCG and reconfigurationWithSync. From our understanding, it is not a common case to be considered in real scenario, as it implies UE can take target PCell and/or source PCell as reference cell which are both configured by MN. Thus, it is preferred not to define requirements for this case. If SMTC configurations are both absent in above configurations, UE shall follow the SMTC in MO having same SSB frequency and SCS. Otherwise, UE shall assume the SSB is transmitted with 5 ms periodicity. As pointed out by companies in [2] in last meeting, cases are further divided by if the MO is configured by source PCell and/or sour PSCell. We have CRs in last meeting to clarify that in such case, it up to UE to choose which MO’s SMTC to use. For this HO with PSCell case, we have slight preference on the opinion proposed in [2] to follow the SMTC and reference timing of source PCell to have more predictable and reliable performance. Then the reference SMTC and parallel/sequential assumptions for the mentioned cases are summarized in the following table.
Table I. parallel/sequential assumptions for NR-DC to NR-DC
	SMTC configured in
	PSCell reference timing
	Parallel or sequential

	targetCellSMTC-SCG-r16 
	Target PCell
	Sequential

	ReconfigurationWithSync
	Source PSCell
	Parallel

	MO with same frequency and SCS
	Source PCell or PSCell configuring the MO
SMTC of Source PCell if configured by both PCell and PSCell
	Parallel

	None
	Assume SSB with 5 ms
	Parallel



Proposal 1: Determine the SMTC of PSCell and parallel/sequential assumptions for NR-DC to NR-DC based on above table.
HO with PSCell from EN-DC to EN-DC
For HO with PSCell from EN-DC to EN-DC, based on the agreements in the last meeting. Parallel processing can always be assumed, as UE nees to determine the SMTC after searching the target cell. According to RAN2’s spec TS 36.331, if SMTC is configured in RRCConnectionReconfiguration, UE shall follow the timing reference EUTRA PCell. And if for HO with PSCell case, smtc is configured only when source EUTRA PCell and target EUTRA PCell are SFN/subframe synchronized. Thus, UE can take either source or target PCell as reference cell. Then the reference SMTC and parallel/sequential assumptions for the mentioned cases are summarized in the following table.
	smtc
The SSB periodicity/offset/duration configuration of target cell for NR PSCell addition and SN change. It is based on timing reference of EUTRA PCell. NOTE 2.
If the field is 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.

NOTE 2:	It is not specified whether the timing reference for the SMTC configuration is the source EUTRA PCell or the target EUTRA PCell in case the NR PSCell addition or SN change takes place simultaneously with handover. As a consequence, explicit SMTC configuration is only supported when the source EUTRA PCell and the target EUTRA PCell of the handover are SFN/subframe-synchronized.



Table II. SMTC and parallel/sequential assumptions for EN-DC to EN-DC 
	SMTC configured in
	PSCell reference timing
	Parallel or sequential

	RRCConnectionReconfiguration
	Source PSCell or target PCell
	Parallel

	MO with same frequency and SCS
	Source PCell or PSCell configuring the MO
SMTC of Source PCell if configured by both PCell and PSCell
	Parallel

	None
	Assume SSB with 5 ms
	Parallel



Proposal 2: Determine the SMTC of PSCell and parallel/sequential assumptions for EN-DC to EN-DC based on above table.
HO with PSCell from NR-SA to EN-DC
For HO with PSCell from NR-SA to EN-DC, if SMTC is configured in RRCConnectionReconfiguration, companies had different views on whether UE shall follow the SMTC based on the reference timing of target EUTRA PCell or not. Some companies pointed out it is still not decided in RAN2. After checking the RAN2 progress, we found that it is not under discussion in RAN2. We could ask for clarifications from RAN2 on this particular cases before determine the SMTC and parallel/sequential assumption. Then the reference SMTC and parallel/sequential assumptions for the mentioned cases are summarized in the following table.
Table III. SMTC and parallel/sequential assumptions for NR SA to EN-DC 
	SMTC configured in
	PSCell reference timing
	Parallel or sequential

	RRCConnectionReconfiguration
	Need clarification by RAN2
	FFS

	MO with same frequency and SCS
	Source PCell 
	Parallel

	None
	Assume SSB with 5 ms
	Parallel



Proposal 3: Determine the SMTC of PSCell and parallel/sequential assumptions for NR-SA to EN-DC based on above table. When SMTC is configured in RRCConnectionReconfiguration, on which Cell the reference timing is based should be clarified in RAN2. 
HO with PSCell from NE-DC to NE-DC
For HO with PSCell from NE-DC to NE-DC, according to the agreement in the last meeting. Parallel processing shall be always assumed.
2.2 delay requirements 
For the delay requirements of HO with PSCell, first we present our views on how to organize the spec in general. Some companies suggest to have separate requirements for parallel processing and sequential process. From our understanding, it makes sense to consider the parallel/sequential assumptions when defining the delay requirements as mentioned above, which may result in different delay. But we prefer to define requirements in a unified manner/clause instead of having dedicated clauses for parallel processing and sequential process as they are implementation specific and only results in different overall delay. For instance, it is preferred to distinguish the difference of parallel or sequential processing in each component under same equation. E.g. Tsearch_DU could be considered in delay of PSCell addition/change in sequential processing, and it could be 0 for parallel processing.
For the ending point, the status are summarized as follows:
	Issue 2-2-5: Ending point of the delay requirement for HO with PSCell
· Proposals: 
· Option 1 (Apple, Xiaomi, CMCC, CATT, OPPO): 
· the later timing between “timing when UE shall be capable to transmit PRACH preamble towards target PCell” and “the timing when UE shall be capable to transmit PRACH preamble towards target PSCell”.
· Option 2 (vivo, CMCC, Intel, Huawei, MTK, Ericsson, Qualcomm, CATT, Apple, MTK): 
· Defining delay requirements for HO and PSCell addition/change separately with the ending points defined as PCell PRACH and PSCell PRACH, respectively.
· Option 3 (Nokia):
· No need to discuss and define the ending point of HO with PSCell.



From our understanding, the issue is not very controversial. For option 2, by defining the delay requirements for HO and PSCell addition/change separately with the ending points defined as PCell PRACH and PSCell PRACH, there is no need for further define overall delay using the later timing as mentioned option 1, and the requirements could be defined based on the legacy requirements with less spec efforts.
Proposal 4: Define delay requirements for HO and PSCell addition/change separately with the ending points defined as PCell PRACH and PSCell PRACH, respectively
In the following part in this sub clause, we present our views on delay requirements for each included scenarios.
HO with PSCell from NR-DC to NR-DC
For HO with PSCell from NR-DC to NR-DC, when considering the sequential processing. Which components shall be included for sequential processing is still open. From our understanding, Cell search, timing sync and SSB processing time are needed to determine the reference timing of target PCell in order to get the SMTC of target PSCell.
Proposal 5: For sequential processing, timing sync and SSB processing time for PCell handover shall be considered.
We also have analysis in our previous papers on whether there is other components should be considered with joint processing. For instance, if the target PCell and target PSCell are within the same band, there could be AGC issues as UE may need extra time to adjust the ACG using the “SMTC_MAX” when the SSB of PCell and PSCell emerge in the same slot. However, according to the agreements about the scope of this WI, only FR1+FR2 NR-DC is to be considered. Thus, this is no such cases. 
Then the delay requirements could be organized as follows:
THO = TRRC_delay + Tsearch_PCell + Tprocessing + TIU  + T∆PCell + Tmargin 
TPSCell= TRRC_delay + Tprocessing + Tsearch_DU+ Tsearch_PSCell + T∆PSCell + TPSCell_ DU + Tmargin ms
Where TRRC_delay = 16 ms. Tsearch_DU is delay uncertainty which could be up Tsearch_PCell + T∆PCell + Tmargin if targetCellSMTC-SCG is configured; Tsearch_DU = 0 otherwise.
Proposal 6：Delay requirements for HO with PSCell from NR-DC to NR-DC are defined as follows:
THO = TRRC_delay + Tsearch_PCell + Tprocessing + TIU  + T∆PCell + Tmargin 
TPSCell= TRRC_delay + Tprocessing + Tsearch_DU+ Tsearch_PSCell + T∆PSCell + TPSCell_ DU + Tmargin ms
Where TRRC_delay = 16 ms. Tsearch_DU is delay uncertainty which could be up Tsearch_PCell + T∆PCell + Tmargin if targetCellSMTC-SCG is configured; Tsearch_DU = 0 otherwise.
HO with PSCell from EN-DC to EN-DC
For HO with PSCell from EN-DC to EN-DC, as analyzed above, parallel processing shall be considered. Basically, the delay for HO and delay for PSCell change can be defined independently. 
Then the delay requirements could be organized as follows:
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. 
Proposal 7:
Delay requirements for HO with PSCell from EN-DC to EN-DC are defined as follows:
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. 

HO with PSCell from NR-SA to EN-DC with parallel assumption
As mentioned above, if SMTC is configured in RRCConnectionReconfiguration, whether the reference timing is based on the target EUTRA PCell or not needs clarifications, which is the only case when sequential processing maybe considered. For other cases, parallel processing is assumed. As analyzed above for EN-DC to EN-DC, the delay requirements can be defined as:
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. 
Proposal 8: Delay requirements for HO with PSCell from NR SA to EN-DC with parallel assumption are defined as follows:
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.
HO with PSCell from NE-DC to NE-DC
For HO with PSCell from NE-DC to NE-DC, the parallel processing is assumed. The delay requirements can be organized as follows:
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.
Proposal 9: Delay requirements for HO with PSCell from NE-DC to NE-DC are defined as follows:
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.
Tprocessing for HO with PSCell:
Another issue is about the Tprocessing time considering parallel and sequential assumptions. The current status are summarized as follows:
	Issue 2-2-3a: Timeline of Tprocessing (UE SW processing and RF warm-up(if needed) time) for HO with PSCell
· Proposals
· Option 1: (Huawei, Qualcomm, vivo, Intel, CATT, Ericsson, ZTE, Nokia, MTK)
· For both parallel processing cases and sequential processing cases, UE SW processing and RF warm-up for PCell handover and PSCell addition/change are performed in parallel.
· Option 2: (Apple, OPPO)
· For parallel processing cases, UE SW processing and RF warm-up for PCell handover and PSCell addition/change are performed in parallel.
· For sequential processing cases, UE SW processing and RF warm-up for PCell handover and PSCell addition/change are performed in sequential.
· Option 3: (vivo)
· For parallel processing cases, UE SW processing and RF warm-up for PCell handover and PSCell addition/change are performed in parallel.
· For sequential processing cases, FFS.

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: (Apple, Huawei, Intel, OPPO, CATT, Ericsson, ZTE)
· Tprocessing for HO with PSCell = max(Tprocessing for PCell HO, Tprocessing for PSCell addition/change)
· Option 2: (MTK)
· Tprocessing for HO with PSCell = max(Tprocessing for PCell HO, Tprocessing for PSCell addition/change) + 10ms
· Option 3: (Nokia)
· No need to define Tprocessing for HO with PSCell since HO with PSCell can refer to current legacy PCell HO and PSCell addition requirement directly. 
· Option 4: (Qualcomm)
· Tprocessing = 30ms for NR-SA to EN-DC
· Tprocessing = 20ms for NR-DC to NR-DC without FR mode switch on PSCell
· Tprocessing = 40ms for all other cases
· Option 5: (vivo)
· Tprocessing for HO with PSCell = max(Tprocessing for PCell HO, Tprocessing for PSCell addition/change) for EN-DC to EN-DC, NR-DC to NR-DC and NE-DC to NE DC
· Tprocessing for HO with PSCell = max(Tprocessing for PCell HO, Tprocessing for PSCell addition/change) + 10ms for NR-SA to EN-DC
Issue 2-2-3c: If UE SW processing and RF warm-up for PCell HO and PSCell addition/change are performed in sequential
It further depends on conclusion of Issue 2-2-3a whether this is needed or not.
· Proposals
· Option 1: (Apple, Intel, OPPO, CATT, ZTE)
· Tprocessing for HO with PSCell = sum(Tprocessing for PCell HO, Tprocessing for PSCell addition/change)
· Option 2: (vivo, MTK)
· FFS

Issue 2-2-3e: Tprocessing for PSCell addition/change
· Proposals
· Option 1: (Apple, Huawei, Qualcomm, vivo, Intel, OPPO, Ericsson, ZTE)
· 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 FR1
· 40ms, when NR PSCell is in FR2
· Option 2: 
· Other options are not precluded




Based on the discussion in previous meetings, companies hold different views on how to define the Tprocessing time. Firstly, if the requirements are defined separately for HO and PCell change/addition, Tprocessing should be also defined separately. For parallel processing, it is reasonable that Tprocessing shall be the max value between Tprocessing for HO and for PSCell addition/change. For sequential processing case, companies argued that UE may needs to tune the RF separately and the Tprocessing shall be the added. Whether to allow additional interruptions on PCell caused by RF tuning of PSCell will be further discussed in the following part, which we believe is not needed for HO with PSCell. Thus, it is proposed that Tprocessing for HO with PSCell = max(Tprocessing for PCell HO, Tprocessing for PSCell addition/change) .
Proposal 10: Tprocessing for HO with PSCell = max(Tprocessing for PCell HO, Tprocessing for PSCell addition/change) for both parallel and sequential processing scenarios.
2.3 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/PSCell due to PSCell/PCell RF retuning
· Proposals
· Option 1 (Qualcomm, vivo, Intel, Ericsson, Nokia)
· No interruption requirement should be defined during HO with PSCell
· Option 2 (Xiaomi, Apple, OPPO, MTK)
· 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 3 (Intel)
· FFS.




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 benefits 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 11: No need to define interruption requirements on target PCell due to PSCell addition/change.
3. Conclusions
Proposal 1: Determine the SMTC of PSCell and parallel/sequential assumptions for NR-DC to NR-DC based on following table.
	SMTC configured in
	PSCell reference timing
	Parallel or sequential

	targetCellSMTC-SCG-r16 
	Target PCell
	Sequential

	ReconfigurationWithSync
	Source PSCell
	Parallel

	MO with same frequency and SCS
	Source PCell or PSCell configuring the MO
SMTC of Source PCell if configured by both PCell and PSCell
	Parallel

	None
	Assume SSB with 5 ms
	Parallel



Proposal 2: Determine the SMTC of PSCell and parallel/sequential assumptions for EN-DC to EN-DC based on following table.
	SMTC configured in
	PSCell reference timing
	Parallel or sequential

	RRCConnectionReconfiguration
	Source PSCell or target PCell
	Parallel

	MO with same frequency and SCS
	Source PCell or PSCell configuring the MO
SMTC of Source PCell if configured by both PCell and PSCell
	Parallel

	None
	Assume SSB with 5 ms
	Parallel



[bookmark: _GoBack]Proposal 3: Determine the SMTC of PSCell and parallel/sequential assumptions for NR-SA to EN-DC based on following table. When SMTC is configured in RRCConnectionReconfiguration, on which Cell the reference timing is based should be clarified in RAN2. 
	SMTC configured in
	PSCell reference timing
	Parallel or sequential

	RRCConnectionReconfiguration
	Need clarification by RAN2
	FFS

	MO with same frequency and SCS
	Source PCell 
	Parallel

	None
	Assume SSB with 5 ms
	Parallel



Proposal 4: Define delay requirements for HO and PSCell addition/change separately with the ending points defined as PCell PRACH and PSCell PRACH, respectively
Proposal 5: For sequential processing, timing sync and SSB processing time for PCell handover shall be considered.
Proposal 6：Delay requirements for HO with PSCell from NR-DC to NR-DC are defined as follows:
THO = TRRC_delay + Tsearch_PCell + Tprocessing + TIU  + T∆PCell + Tmargin 
TPSCell= TRRC_delay + Tprocessing + Tsearch_DU+ Tsearch_PSCell + T∆PSCell + TPSCell_ DU + Tmargin ms
Where TRRC_delay = 16 ms. Tsearch_DU is delay uncertainty which could be up Tsearch_PCell + T∆PCell + Tmargin if targetCellSMTC-SCG is configured; Tsearch_DU = 0 otherwise.
Proposal 7:
Delay requirements for HO with PSCell from EN-DC to EN-DC are defined as follows:
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. 
Proposal 8: Delay requirements for HO with PSCell from NR SA to EN-DC with parallel assumption are defined as follows:
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.
Proposal 9: Delay requirements for HO with PSCell from NE-DC to NE-DC are defined as follows:
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.
Proposal 10: Tprocessing for HO with PSCell = max(Tprocessing for PCell HO, Tprocessing for PSCell addition/change) for both parallel and sequential processing scenarios.
Proposal 11: No need to define interruption requirements on target PCell due to PSCell addition/change.
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