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Introduction
RAN plenary has agreed WI for Further enhancements of NR RRM requirements [1], Handover with PSCell is one of the objectives in this WI. Initial discussions on handover with PSCell started in RAN4#98e meeting and discussion continued in RAN4#98e-bis and RAN4#99e meeting. In this paper we continue the discussion on handover with PSCell requirements, mainly focus on timeline for handover with PSCell.
Discussion
[bookmark: _Hlk68103710]Scenarios for HO with PSCell
In the WI for Further enhancements of NR RRM requirements [1], The scenarios for handover with PSCell are listed as “from NR SA to EN-DC”,  “from EN-DC to EN-DC”, “from NE-DC to NE-DC” and “from NR-DC to NR-DC”. 
In last meeting, we had discussed the scenarios for handover with PSCell and captured the discussion in the agreed WF [4] as below:
	· Issue 2-1-1: Scenarios for RRM requirement of HO with PSCell
· Option 1 (CMCC, CATT, OPPO, Ericsson, Qualcomm, Intel, Docomo, NEC, vivo, Nokia)
· RAN4 concludes that RRM requirements are needed for the additional scenarios for HO with PSCell. It is up to RAN plenary decision whether to extend the scope the WID. 
· from NR SA to NE-DC (newly added)
· from NR SA to NR-DC (newly added)
· from LTE SA to EN-DC (newly added)
· Option 2 (Apple, Xiaomi, MTK)
· The extension of WI scope should be discussed in RAN plenary. 




This issue was discussed in RAN#92e meeting, and the conclusion is that these new additional scenarios for HO with PSCell will not be defined in Rel-17, hence there is no WID revision for NR RRM enhancements. 
1. [bookmark: _Hlk78994546]No new additional scenarios for HO with PSCell will be introduced. 
NE-DC and NR-DC mode for HO with PSCell
In last meeting, we also discussed NE-DC and NR-DC mode for handover with PSCell and captured the discussion in the agreed WF [4] as below:
	· Issue 2-1-2: NR-DC and NE-DC mode in HO with PSCell
· 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.

	· Issue 2-1-2a: Requirements for Rel-16 FR1+FR1 NR-DC
· Option 1 (Apple, Xiaomi, Qualcomm, OPPO): 
· Limited set of RRM requirements, i.e., PSCell addition requirements, are specified
· The requirements are discussed in TEI16.
· Option 2 (Apple, Xiaomi, OPPO, Nokia): 
· Full set of RRM requirements:
· Note: The requirements are specified under what agenda/WI?
· Option 3 (Huawei): 
· Limited set of RRM requirements in Rel-17 FeRRM
· Option 4 (Nokia):
· Figure out how many RRM requirements will be needed for FR1+FR1 DC firstly, then to decide whether in TEI16 or in Rel-17 to introduce the requirements based on the evaluated workload.



FR1+FR2 NR-DC is what legacy supported NR-DC scenarios since Rel-15. In Rel-16, we support FR1+FR1 NR-DC in RF specification in TS38.101-1 as well, and FR1+FR1 NR-DC scenario should be included when we start to define RRM requirements for HO with PSCell in Rel-17. Since no conclusion in last RAN4#99e meeting, this issue was raised to RAN plenary meeting.
In RAN#92e meeting, RRM requirements for Rel-16 FR1+FR1 NR-DC were discussed and the conclusion in plenary meeting is not be defined in Rel-17. Hence, in this WI, we will focus on FR1+FR2 NR-DC.
1. RRM requirements for Rel-16 FR1+FR1 NR-DC will not be defined in Rel-17.
[bookmark: _Hlk68180104][bookmark: _Hlk71665928]RAN4 should define RRM requirements for handover with PSCell only for FR1+FR2 NR-DC when considering “from NR-DC to NR-DC” scenario. 
Regarding NE-DC scenario, Previously, FR1+LTE NE-DC defined in RF specification 38.101-3. In Rel-17, FR2 + LTE NE-DC is also supported in RF specification 38.101-3 v17.0.0 in section 5.5B.5a. As general understanding, RRM requirements should follow RF definition, hence, we should support both FR1+LTE NE-DC and FR2+LTE NE-DC scenarios for HO with PSCell.
Both FR1+LTE NE-DC and FR2+LTE NE-DC should be supported for RRM requirements for handover with PSCell in “from NE-DC to NE-DC” scenario and “from NR SA to NE-DC” scenario. 

[bookmark: _Hlk68192330]Delay requirements for HO with PSCell
As described in the WI for Further enhancements of NR RRM requirements [1], existing requirements for HO and PSCell addition can be used as the baseline for HO with PSCell, timeline and interaction between HO and PSCell addition need to be studied. 
In last meeting, we discussed the timeline for HO with PSCell. The majority view on the timeline for HO with PSCell is that at least some of the procedures of PSCell handover and PSCell addition should be able to be performed in parallel, How the RACH procedure toward target PCell and target PSCell is not clear in RAN4 and an LS [2] was agreed to sent to RAN2 to clarify. The agreements on timeline for HO with PSCell was captured in the agreed WF [4] as below:
	It depends on RAN2 reply whether RACH processing can be performed in parallel or not and it can Consideribe further discussed

	· PCell HO and PSCell addition, except RACH procedure, are performed in parallel for at least some of procedures
· FFS condition of parallel processing in Issue 2-2-1a


	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).


	Issue 2-2-2: Parallel processing for HO with PSCell
· Option 1a (QC, Nokia, ZTE, CATT, Ericsson, vivo, Apple, OPPO, Docomo, MTK, NEC, Intel, Huawei): 
· PCell HO and PSCell addition, without considering RA procedures and Tprocessing, are performed in parallel independently.
· Note: Additional searching delay may be considered for FR1+FR1 NR-DC
· Option 2b (MTK): 
· RAN4 to specify the delay requirement for HO with PSCell based on the assumption that some of procedures should be able to be performed in parallel.
· FFS what kinds of components in the overall delay requirement, e.g., Tprocessing, will have dependency between Pcell and PSCell.




HO with PSCell procedure includes PCell change and PSCell addition. After UE receives the RRCConnectionReconfiguration implying HO with PSCell, UE will start to perform PCell HO and PSCell addition. 
After UE receives the RRC msg implying HO with PSCell, UE processing time, cell search time, time tracking, delay uncertainty in acquiring the first available PRACH occasion in the new cell are needed both to handover to target PCell and to add target PSCell. Besides RA procedures toward target PCell and towards the target PSCell, UE SW processing, cell search, timing tracking for PSCell addition can be performed in parallel with the PCell HO. The main question is the order of RA procedures toward target PCell and target PSCell. In RAN4#98bis meeting, RAN4 has sent the LS [2] to RAN2 to clarify this issue. In RAN2#114e meeting, RAN2 replied the LS [3] to RAN4 to clarify that from RAN2 perspective, in handover with MR-DC configuration there is no restriction on the order on which the UE shall perform RACH towards the PCell and PSCell. Hence, after UE receives the RRC msg implying HO with PSCell, UE will start to perform PCell HO and PSCell addition in parallel.
It could be illustrated as Figure 1. The timeline for UE to perform HO with PSCell in the Figure may include all different cases, like the scenarios, the known/unknown target cells.
[image: ]
Figure 1 Timeline for UE performing HO with PSCell 
In HO with PSCell, legacy HO and PSCell addition operations can be performed in parallel. 
In last RAN4#99e meeting, we also discussed when PCC can be scheduled in HO with PSCell procedure. It was agreed that PCC could be scheduled for UE when Pcell HO is completed but PSCell addition is not completed. 
Current RAN4 has specified the requirements for PCell HO and PSCell addition in different scenarios. The examples for them show as below:
NR FR1 – NR FR1 Handover delay requirements in section 6.1.1.2 in 38.133:
	When the UE receives a RRC message implying handover the UE shall be ready to start the transmission of the new uplink PRACH channel within Dhandover msec from the end of the last TTI containing the RRC command.
Where:
Dhandover = TRRC_delay + Tinterrupt
	TRRC_delay is the RRC procedure delay as specified in TS 38.331 [2].
	 Tinterrupt = Tsearch + TIU + Tprocessing + T∆ + Tmargin ms
Where:
Tsearch is the time required to search the target cell when the target cell is not already known when the handover command is received by the UE. If the target cell is known, then Tsearch = 0 ms. If the target cell is an unknown intra-frequency cell and the target cell Es/Iot≥-2 dB, then Tsearch = Trs  ms. If the target cell is an unknown inter-frequency cell and the target cell Es/Iot≥-2 dB, then Tsearch = 3* Trs  ms. Regardless of whether DRX is in use by the UE, Tsearch shall still be based on non-DRX target cell search times.
	T∆ is time for fine time tracking and acquiring full timing information of the target cell. T∆ = Trs.
	Tprocessing is time for UE processing. Tprocessing can be up to 20ms.
	Tmargin is time for SSB post-processing. Tmargin can be up to 2ms.
	TIU is the interruption uncertainty in acquiring the first available PRACH occasion in the new cell. TIU can be up to the summation of SSB to PRACH occasion association period and 10 ms. SSB to PRACH occasion associated period is defined in the table 8.1-1 of TS 38.213 [3].




NR-DC PSCell addition delay requirements in section 8.9.2 in 38.133 (current requirements apply for FR1 PCell and FR2 PSCell): 
	Upon receiving PSCell addition in subframe n, the UE shall be capable to transmit PRACH preamble towards PSCell in FR2 no later than in subframe n + Tconfig_PSCell:
where:
Tconfig_PSCell = TRRC_delay + Tprocessing + Tsearch + T∆ + TPSCell_ DU + 2 ms
	TRRC_delay is the RRC procedure delay as specified in TS 38.331 [2].
	Tprocessing is the SW processing time needed by UE, including RF warm up period. Tprocessing = 40 ms.
	Tsearch is the time for AGC settling and PSS/SSS detection. If the target cell is known, Tsearch = 0 ms. If the target cell is unknown and the target cell Ês/Iot ≥ -2dB, Tsearch = 24* Trs ms.
	T∆ is time for fine time tracking and acquiring full timing information of the target cell. T∆ = 1*Trs ms for a known or unknown PSCell.
	TPSCell_ DU is the delay uncertainty in acquiring the first available PRACH occasion in the PSCell. TPSCell_ DU is up to the summation of SSB to PRACH occasion association period and 10 ms. SSB to PRACH occasion associated period is defined in Table 8.1-1 of TS 38.213 [3].




Based on the above analysis, it would be meaningless to consider the total delay for HO with PSCell, we propose to refer to the HO delay and PSCell addition delay respectively for HO with PSCell requirements.
HO with PSCell RRM requirements can refer to existing handover requirements and PSCell addition requirements directly. 
TP for HO with PSCell requirement is provided in the Annex of this contribution.
Agree the TP provided. 

RF retuning interruption for HO with PSCell
As analyzed in the previous section, we think PCell HO and PSCell addition can be performed in parallel, it can be assumed that any RF returning for PCell and PSCell are done simultaneously, no additional interruption should be allowed during HO with PSCell.
No additional interruption should be defined during HO with PSCell.
Generic RACH assumption for HO with PSCell
In last meeting, we discussed the RACH assumption for HO with PSCell, the output of this discussion was captured in the agreed WF [4] as below:
	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.



RAN4 has defined the applicability of 2-step RACH and 4-step RACH in RRM requirements in 38.133 as below:
	[bookmark: _Hlk45614476]3.6.8	Applicability of 2-step RA and 4-step RA in RRM requirements 
Unless explicitly stated otherwise the requirements under the following clauses, where the UE transmits random acess (with requirements in clause 6.2.2) to NR serving cell or NR target cell, are applicable for both 2-step RA and 4-step RA procedures [3]:
-	Handover requirements in clause 6.1, except for clauses 6.1.2 and 6.1B,
-	RRC connection re-establishment requirements in clause 6.2.1, 
-	RRC connection release with redirection to NR requirements in clause 6.2.3.2.1, 
-	UE transmit timing requirements in clause 7.1,
-	PSCell addition delay requirements in clause 8.9.2, 
-	PSCell change requirements in clause 8.11 and
-	Conditional PSCell change requirements in clause 8.11B.
Unless explicitly stated otherwise the requirements under the following clauses, where the UE transmits random acess (with requirements in clause 6.2.2A) to NR serving cell or NR target cell subject to uplink CCA, are applicable for both 2-step RA and 4-step RA procedures [3]:
-	Handover requirements with CCA in clause 6.1B,
-	RRC connection re-establishment requirements with CCA in clause 6.2.1A, 
-	RRC connection release with redirection to NR requirements with CCA in clause 6.2.3.2.3, and
-	UE transmit timing requirements with CCA in clause 7.1.




From the highlight part in above, both 2-step RACH and 4-step RACH are applied for legacy HO requirements and PSCell addition / change requirements.
In legacy HO requirements and PSCell addition requirements, RACH procedure is not visible in the delay requirements. The only related issue of RACH is the delay uncertainty in acquiring the first available PRACH occasion in the new cell, the delay uncertainty will also depend on the summation of SSB to PRACH occasion which is defined in RAN1 specification. 
	Example in legacy HO requirements: 
TIU is the interruption uncertainty in acquiring the first available PRACH occasion in the new cell. TIU can be up to the summation of SSB to PRACH occasion association period and 10 ms. SSB to PRACH occasion associated period is defined in the table 8.1-1 of TS 38.213 [3].

	Example in PSCell addition requirements:
TPSCell_ DU is the delay uncertainty in acquiring the first available PRACH occasion in the PSCell. TPSCell_ DU is up to the summation of SSB to PRACH occasion association period and 10 ms. SSB to PRACH occasion associated period is defined in Table 8.1-1 of TS 38.213 [3].



We do not see any reason to distinguish 2-step RACH or 4-step RACH in HO with PSCell requirements, from our view, both 2-step or 4-step RACH shall be applied for HO with PSCell.
Both 2-step RA and 4-step RA are applicable for HO with PSCell and no need to mention 2-step or 4-step in HO with PSCell requirements.

Conclusion 
In this paper we discussed the RRM requirements for handover with PSCell and have following Observations and proposals: 
1. No new additional scenarios for HO with PSCell will be introduced. 
1. RRM requirements for Rel-16 FR1+FR1 NR-DC will not be defined in Rel-17.
1. RAN4 should define RRM requirements for handover with PSCell only for FR1+FR2 NR-DC when considering “from NR-DC to NR-DC” scenario. 
Both FR1+LTE NE-DC and FR2+LTE NE-DC should be supported for RRM requirements for handover with PSCell in “from NE-DC to NE-DC” scenario and “from NR SA to NE-DC” scenario. 
In HO with PSCell, legacy HO and PSCell addition operations can be performed in parallel. 
HO with PSCell RRM requirements can refer to existing handover requirements and PSCell addition requirements directly. 
Agree the TP provided. 
No additional interruption should be defined during HO with PSCell.
Both 2-step RA and 4-step RA are applicable for HO with PSCell and no need to mention 2-step or 4-step in HO with PSCell requirements.
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Annex: text proposal for HO with PSCell
Here is the text proposal for HO with PSCell requirements. 
<Start of Text Proposal 1>
6.x	Handover with PSCell
6.x.1	Introduction
This clause defines requirements for the delay within which the UE shall be able to perform inter-RAT or intra-RAT handover with PSCell. The handover with PSCell procedure is initiated with a RRC message that implies a handover with PSCell as described in TS 38.331 [2].
6.x.2	HO with PSCell from SA to EN-DC
The requirements in this clause are applicable to handover with PSCell from NR SA to EN-DC.
This clause defines requirements for the delay within which the UE shall be able to handover from NR cell to E-UTRAN cell and add NR PSCell in the meantime. 
When the UE receives a RRC message implying handover with PSCell, 
· The UE shall be ready to start the transmission of the new uplink PRACH channel of the target E-UTRAN PCell within Dhandover ms from the end of the last TTI containing the RRC command where Dhandover is specified in clause 6.1.2.1, and
· The UE shall be capable of transmitting PRACH preamble towards the target PSCell no later than specified in clause 8.9.2 of TS 36.133 [15].
6.x.3	HO with PSCell from EN-DC to EN-DC
The requirements in this clause are applicable to handover with PSCell from EN-DC to EN-DC.
This clause defines requirements for the delay within which the UE shall be able to handover from E-UTRAN cell to E-UTRAN cell and add NR PSCell in the meantime. 
When the UE receives a RRC message implying handover with PSCell, 
· The UE shall be ready to start the transmission of the new uplink PRACH channel of the target E-UTRAN PCell within Dhandover ms from the end of the last TTI containing the RRC command where Dhandover is specified in clause 5.1.2.2 ~ 5.1.2.4 of TS 36.133 [15], and
· The UE shall be capable of transmitting PRACH preamble towards the target PSCell no later than specified in clause 8.9.2 of TS 36.133 [15].
6.x.4	HO with PSCell from NE-DC to NE-DC
The requirements in this clause are applicable to handover with PSCell from NE-DC to NE-DC.
This clause defines requirements for the delay within which the UE shall be able to handover from NR cell to NR cell and add E-UTRAN PSCell in the meantime. 
When the UE receives a RRC message implying handover with PSCell, 
· The UE shall be ready to start the transmission of the new uplink PRACH channel of the target PCell within Dhandover ms from the end of the last TTI containing the RRC command where Dhandover is specified in clause 6.1.1, and
· The UE shall be capable of transmitting PRACH preamble towards the target E-UTRAN PSCell no later than specified in clause 8.8.2.
6.x.5	HO with PSCell from NR-DC to NR-DC
The requirements in this clause are applicable to handover with PSCell from NR-DC to NR-DC.
This clause defines requirements for the delay within which the UE shall be able to handover from NR cell to NR cell and add NR PSCell in the meantime. 
When the UE receives a RRC message implying handover with PSCell, 
· The UE shall be ready to start the transmission of the new uplink PRACH channel of the target PCell within Dhandover ms from the end of the last TTI containing the RRC command where Dhandover is specified in clause 6.1.1, and
· The UE shall be capable of transmitting PRACH preamble towards the target PSCell no later than specified in clause 8.9.2.

<End of Text Proposal 1>
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