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1. Introduction
In the WID of R17 RRM further enhancement [1], the working scope of handover with PSCell change is as below,
· HO with PSCell [RAN4]
· Determine the scenarios for HO with PSCell for which RRM requirements are to be specified
· from NR SA to EN-DC
· from EN-DC to EN-DC
· from NE-DC to NE-DC
· from NR-DC to NR-DC
· Study the UE behavior for HO with PSCell
· Existing requirements for HO and PSCell addition as baseline
· Timeline and interaction between HO and PSCell addition
·  Specify RRM requirements for HO with PSCell based on agreed UE behavior
In last RAN4 meeting, the work plan has been agreed for this WID, as duplicated below,
· 3GPP RAN4 #98e meeting (February, 2021, 1.5TU, Core part)
· HO with PSCell [RAN4]
· Discussion and conclude on scenarios for HO with PSCell 
· Initial discussion on UE behavior for HO with PSCell
In this contribution we discuss the scenarios for HO with PSCell as well as the preliminary requirements for corresponding HO delay.
2. Scenarios for HO with PSCell
In TS37.340, the supported MR-DC HO scenarios is defined as below,
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For HO with PSCell, RAN2 identified “LTE to EN-DC”, “NR-SA to EN-DC”, “NR-SA to NE-DC”, “NR-SA to NR-DC”, “EN-DC to EN-DC”, “NE-DC to NE-DC” and “NR-DC to NR-DC”. So, in RAN4 requirements, all the scenarios in the WID shall be considered. 
Even though RAN2 supports LTE to EN-DC HO, this case has not been included in the WID scope. If companies think this scenario is also necessary, we may need more discussion in RAN plenary before we could include it into the WID formally.
Proposal 1: RAN4 specifies RRM requirement for HO with PSCell for following scenarios:
· 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 R16 we have FR1+FR1 NR-DC in the RF spec TS38.101-1, but no RRM requirement for FR1+FR1 NR-DC has been discussed so far, and therefore we propose to only consider legacy FR1+FR2 NR-DC for HO with PSCell from NR-DC to NR-DC. Regarding NE-DC to NE-DC scenario, so far we only have “inter-band NE-DC in FR1” in TS38.101-3, and therefore we only need to consider FR1+LTE NE-DC for “NE-DC to NE-DC” scenario.
Proposal 2: In R17 RAN4 only considers legacy FR1+FR2 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.
In R15 handover requirement, RAN4 did not differentiate the requirement for whether UE is in a status of MR-DC or NR-SA before HO, and that means the old PSCell release time is not needed to consider for a MR-DC UE in the HO delay requirement. Here in R17 HO with PSCell, we also think the old PSCell release time shall not be considered in the HO delay requirement.
Proposal 3: for HO requirement of EN-DC to EN-DC, NE-DC to NE-DC and NR-DC to NR-DC, RAN4 does not need to consider the old PSCell release time in the HO delay requirement design.
3. Requirement design for HO with PSCell
As described in the WID, existing requirements for HO and PSCell addition can be used as baseline to design the requirement of HO with PSCell. In our view, there are some common parts we need to consider before we moving to each specific HO scenario,
· Starting point and ending point of delay requirement for HO with PSCell
· The time point when UE starts to perform target PSCell addition during HO with PSCell
· Known and unknown conditions for target PCell and target PSCell
· RRC procedure delay for HO with PSCell
· UE processing margin for HO with PSCell
· Cell detection, AGC settling, T/F tracking time and RACH uncertainty for HO with PSCell
3.1. Starting point and ending point of delay requirement for HO with PSCell
The starting point of legacy HO is when the UE receives a RRC message implying handover, and here we did not see any motivation to change this definition for the HO with PSCell. Regarding the ending point of the HO with PSCell, we could reuse the similar definition from legacy PSCell addition, that is, the ending point of the HO with PSCell is when UE shall be capable to transmit PRACH preamble towards target PSCell.
Proposal 4: For delay requirement of HO with PSCell, reuse the starting point definition from legacy HO and reuse the ending point definition from legacy PSCell addition, i.e., when the UE receives a RRC message implying handover with PSCell the UE shall be capable to transmit PRACH preamble towards target PSCell within Thandover_with_PSCell from the end of the last TTI containing the RRC command. (Thandover_with_PSCell is the delay requirement of HO with PSCell)
3.2. Timing point when UE starts to perform target PSCell addition
Regarding the timing point when UE starts to perform target PSCell addition, e.g., downlink cell synchronization, AGC settling or T/F tracking, we found that in R16 direct SCell activation during HO we assumed that UE would start the activation behavior after UE applying the TA from RAR of the PCell HO for CSI reporting of target SCell; however, in PSCell addition the CSI reporting is not needed, and therefore the application delay of TA would not impact HO with PSCell here. We may consider three possible alternatives for when UE starts to conduct PSCell addition.
Alt 1: UE performs target PSCell addition right after sending RACH preamble (msg 1) on the target PCell.
· Pros: the delay of the HO with PSCell could be short if the RACH to target PCell is successful 
· Cons: it would be high power and resource wasting if RACH to PCell takes long time or if RACH to PCell fails
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Figure 1. alt 1: UE performs target PSCell addition right after sending msg1 to target PCell
Alt 2: UE performs target PSCell addition after receiving RAR (msg 2) from target PCell.
· Pros: the reliability of this alternative is better than alt 1, especially when CFRA is used to access target PCell. 
· Cons: the delay of the HO with PSCell could be longer than alt 1 since the time delay for receiving RAR (Tmsg2 in figure 2) shall be included. It would be also high power and resource wasting if CBRA to PCell fails after RAR.
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Figure 2. alt 2: UE performs target PSCell addition after receiving RAR (msg2) from target PCell
Alt 3: if CFRA is used to target PCell UE performs target PSCell addition after receiving msg2 from target PCell during HO with PSCell; otherwise if CBRA is used to target PCell UE performs target PSCell addition after receiving msg4 to target PCell during HO with PSCell.
· Pros: the reliability of this alternative is the highest compared with alt 1 and 2 for both CBRA and CFRA to PCell. 
· Cons: it would have a longer delay for this HO with PSCell compared with alt 1/2. For CBRA case, the time delay for receiving msg4 shall be included (Tmsg4 in figure 3). For CFRA case, the time delay of alt 3 is same as alt 2.
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Figure 3. alt 3: UE performs target PSCell addition after receiving msg4 when CBRA is used to target PCell
In our understanding, this HO with PSCell is a capacity optimization to the legacy HO, and therefore the reliability is also important to consider as long as some gain on shortening the delay could be achieved. In order to simplify the requirement and UE behavior, we think alt 2 would be a good tradeoff between reliability and time delay for this feature.
Proposal 5: For requirement of HO with PSCell, RAN4 assumes that UE performs target PSCell addition after receiving RAR (msg 2) from target PCell.
3.3. Known and unknown conditions for target PCell and target PSCell
Since the legacy HO and PSCell addition requirement could be used as baseline for this HO with PSCell, we think the known and unknown condition for the target PCell and target PSCell could be also reused. The requirement coverage would be as following combinations:
· Known target PCell + Known target PSCell
· Known target PCell + Unknown target PSCell
· Unknown target PCell + Known target PSCell
· Unknown target PCell + Unknown target PSCell
Proposal 6: Known and unknown cell condition in legacy HO and PSCell addition requirement could be reused in the requirement of HO with PSCell. The requirement of HO with PSCell covers following combinations:
· Known target PCell + Known target PSCell
· Known target PCell + Unknown target PSCell
· Unknown target PCell + Known target PSCell
· Unknown target PCell + Unknown target PSCell
3.4. RRC procedure delay for HO with PSCell
In delay requirement for legacy HO and PSCell addition, the RRC procedure delay are summarized as in following tables (based on TS36.133/TS36.331/TS38.133/TS38.331):
Table 1. RRC procedure delay for legacy HO
	Source Cell
	Target Cell
	RRC procedure delay for HO

	NR (incl. FR1 and FR2)
	LTE
	50ms

	LTE
	LTE
	15ms

	NR (incl. FR1 and FR2)
	NR (incl. FR1 and FR2)
	10ms



Table 2. RRC procedure delay for legacy PSCell addition
	Current PCell
	Target PSCell
	RRC procedure delay for PSCell addition

	LTE
	NR (incl. FR1 and FR2)
	20ms

	NR FR1
	LTE
	20ms

	NR FR1
	NR FR2
	16ms



Since the PSCell addition and HO now are in the single RRC command, we need to determine the RRC procedure delay for all the scenarios in the WID. In TS 36.331, the RRC procedure delay for LTE HO with NR PSCell addition is specified as below,
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For a single RRC command of HO with PSCell, it would be too pessimistic to sum two RRC procedure delays from table 1 and table 2. Thus, we propose to use the max value between RRC procedure delay of legacy HO and RRC procedure delay of legacy PSCell addition for the RRC procedure delay in the requirement of HO with PSCell. With this principle, we summarize the RRC procedure delay for all scenarios in table 3.
Table 3. RRC procedure delay for HO with PSCell
	Scenario
	Source PCell
	Target PCell
	Target PSCell
	RRC procedure delay for HO with PSCell

	NR SA to EN-DC
	NR (incl. FR1 and FR2)
	LTE
	NR (incl. FR1 and FR2)
	50ms

	EN-DC to EN-DC
	LTE
	LTE
	NR (incl. FR1 and FR2)
	20ms

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

	NR-DC to NR-DC
	NR FR1
	NR FR1
	NR FR2
	16ms



Proposal 7: use the max{RRC procedure delay of legacy HO, RRC procedure delay of legacy PSCell addition} for the corresponding RRC procedure delay in the requirement of HO with PSCell. The RRC procedure delays in table 3 are used for the requirements of HO with PSCell.
3.5. UE processing margin for HO with PSCell
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 legacy PSCell accounts for UE SW/stack preparation time and possible RF warm-up time if needed. For simplicity of UE implementation assumption, the current UE processing time from legacy HO and from legacy PSCell addition could be reused for HO with PSCell.
Proposal 8: the UE processing time from legacy HO and from legacy PSCell addition could be reused for HO with PSCell.
3.6. Cell detection, AGC settling, T/F tracking time and RACH uncertainty for HO with PSCell
The cell detection, AGC settling, T/F tracking time and RACH uncertainty in legacy HO and legacy PSCell addition requirement shall not be changed for HO with PSCell, since the UE behavior towards known or unknown target PCell/PSCell is not expected to change. 
Proposal 9: The cell detection time, AGC settling time, T/F tracking time and RACH uncertainty time in legacy HO and legacy PSCell addition requirement could be reused for HO with PSCell.
4. Detailed requirement for HO with PSCell
With the analysis in the previous sections, followings are preliminary detailed requirement proposals scenario by scenario.
4.1 HO with PSCell for NR SA to EN-DC
When the UE receives a RRC message implying handover to EN-DC on slot n, the delay of HO with PSCell for NR SA to EN-DC could be,
Thandover_with_PSCell = TRRC_procedure_delay + Tinterrupt + Tmsg2 + Tconfig_PSCell – 20ms
Where,
TRRC_procedure_delay = 50ms,
Tinterrupt is as defined in TS38.133 section 6.1.2.1.3 (HO from NR to LTE).
Tmsg2 is delay from slot n + (TRRC_procedure_delay + Tinterrupt)/NR slot length until UE has obtained RACH response (msg2) from the target PCell.
Tconfig_PSCell is as defined in TS36.133 section 7.31.2 (PSCell addition for EN-DC).
4.2 HO with PSCell for EN-DC to EN-DC
When the UE receives a RRC message implying handover to EN-DC on slot n, the delay of HO with PSCell for EN-DC to EN-DC could be,
Thandover_with_PSCell = TRRC_procedure_delay + Tinterrupt + Tmsg2 + Tconfig_PSCell – 20ms
Where,
TRRC_procedure_delay = 20ms,
Tinterrupt is as defined in TS36.133 section 5.1.2.1.2.1 (HO from LTE to LTE).
Tmsg2 is delay from slot n + (TRRC_procedure_delay + Tinterrupt)/NR slot length until UE has obtained RACH response (msg2) from the target PCell.
Tconfig_PSCell is as defined in TS36.133 section 7.31.2 (PSCell addition for EN-DC).
4.3 HO with PSCell for NE-DC to NE-DC
When the UE receives a RRC message implying handover to NE-DC on slot n, the delay of HO with PSCell for NE-DC to NE-DC could be,
Thandover_with_PSCell = TRRC_procedure_delay + Tinterrupt + Tmsg2 + Tconfig_EUTRAN-PSCell – 20ms
Where,
TRRC_procedure_delay = 20ms,
Tinterrupt is as defined in TS38.133 section 6.1.1.2.2 (HO from NR FR1 to NR FR1).
Tmsg2 is delay from slot n + (TRRC_procedure_delay + Tinterrupt)/NR slot length until UE has obtained RACH response (msg2) from the target PCell.
Tconfig_EUTRAN-PSCell is as defined in TS38.133 section 8.8.2 (PSCell addition for NE-DC).
4.4 HO with PSCell for NR-DC to NR-DC
When the UE receives a RRC message implying handover to NR-DC on slot n, the delay of HO with PSCell for NR-DC to NR-DC could be,
Thandover_with_PSCell = TRRC_procedure_delay + Tinterrupt + Tmsg2 + Tconfig_PSCell – 16ms
Where,
TRRC_procedure_delay = 16ms,
Tinterrupt is as defined in TS38.133 section 6.1.1.2.2 (HO from NR FR1 to NR FR1).
Tmsg2 is delay from slot n + (TRRC_procedure_delay + Tinterrupt)/NR slot length until UE has obtained RACH response (msg2) from the target PCell.
Tconfig_PSCell is as defined in TS38.133 section 8.9.2 (PSCell addition for NR-DC).
Proposal 10: agree on the delay requirement for HO with PSCell in this section 4.
5. Conclusion
In this contribution we discuss the scenarios for HO with PSCell as well as the preliminary requirements for corresponding HO delay.
Proposal 1: RAN4 specifies RRM requirement for HO with PSCell for following scenarios:
· from NR SA to EN-DC
· from EN-DC to EN-DC
· from NE-DC to NE-DC
· from NR-DC to NR-DC
Proposal 2: In R17 RAN4 only considers legacy FR1+FR2 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: for HO requirement of EN-DC to EN-DC, NE-DC to NE-DC and NR-DC to NR-DC, RAN4 does not need to consider the old PSCell release time in the HO delay requirement design.
Proposal 4: For delay requirement of HO with PSCell, reuse the starting point definition from legacy HO and reuse the ending point definition from legacy PSCell addition, i.e., when the UE receives a RRC message implying handover with PSCell the UE shall be capable to transmit PRACH preamble towards target PSCell within Thandover_with_PSCell from the end of the last TTI containing the RRC command. (Thandover_with_PSCell is the delay requirement of HO with PSCell)
Proposal 5: For requirement of HO with PSCell, RAN4 assumes that UE performs target PSCell addition after receiving RAR (msg 2) from target PCell.
Proposal 6: Known and unknown cell condition in legacy HO and PSCell addition requirement could be reused in the requirement of HO with PSCell. The requirement of HO with PSCell covers following combinations:
· Known target PCell + Known target PSCell
· Known target PCell + Unknown target PSCell
· Unknown target PCell + Known target PSCell
· Unknown target PCell + Unknown target PSCell
Proposal 7: use the max{RRC procedure delay of legacy HO, RRC procedure delay of legacy PSCell addition} for the corresponding RRC procedure delay in the requirement of HO with PSCell. The RRC procedure delays in table 3 are used for the requirements of HO with PSCell.
Proposal 8: the UE processing time from legacy HO and from legacy PSCell addition could be reused for HO with PSCell.
Proposal 9: The cell detection time, AGC settling time, T/F tracking time and RACH uncertainty time in legacy HO and legacy PSCell addition requirement could be reused for HO with PSCell.
Proposal 10: agree on the delay requirement for HO with PSCell in this section 4.
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Procedure title: E-UTRAN -> UE UE -> E-UTRAN N Notes
RRC Connection Control Procedures
RRC connection
establishment



RRCConnectionSetu
p or
RRCConnectionResu
me



RRCConnectionSetupCo
mplete or
RRCConnectionResumeC
omplete



15 or 3 N = 3 applies for the case
of reception of
RRCConnectionResume if
reducedCP-
LatencyEnabled is
configured, the UE
supports reduced CP
latency, and the RRC
message only includes
MAC and PHY (re-
)configurations and does
not include (re-
)configurations of DRX,
SPS, SCells, and MIMO.
Further, the UL grant is
sent using PDCCH DCI
format 0 in common search
space. In this scenario, the
RRC procedure delay can
extend beyond the
reception of the UL grant,
up to 7 ms.



For other cases N = 15
applies.



RRC connection
release



RRCConnectionRele
ase



NA



RRC connection re-
configuration (radio
resource configuration,
possibly including
configuration of
conditional
reconfigurations)



RRCConnectionReco
nfiguration



RRCConnectionReconfigu
rationComplete



15 Same requirement is
applicable regardless of the
number of target
candidates being
configured, if conditional
reconfigurations are
included in the message,



RRC connection re-
configuration
(measurement
configuration)



RRCConnectionReco
nfiguration



RRCConnectionReconfigu
rationComplete



15



RRC connection re-
configuration (intra-
LTE mobility)



RRCConnectionReco
nfiguration



RRCConnectionReconfigu
rationComplete



15



RRC connection
reconfiguration (SCell
addition/release)



RRCConnectionReco
nfiguration



RRCConnectionReconfigu
rationComplete



20



RRC connection
reconfiguration (SCG
establishment/ release,
SCG cell addition/
release)



RRCConnectionReco
nfiguration



RRCConnectionReconfigu
rationComplete



20



RRC connection re-
configuration (NR
measurement
configuration)



RRCConnectionReco
nfiguration



RRCConnectionReconfigu
rationComplete



15



RRC connection
reconfiguration (NR
SCG establishment/
/modification/release)



RRCConnectionReco
nfiguration



RRCConnectionReconfigu
rationComplete



20



RRC connection re-
configuration (intra-
LTE mobility with NR
SCG establishment/
/modification/release)



RRCConnectionReco
nfiguration



RRCConnectionReconfigu
rationComplete



20
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Annex B (informative): 
Supported MR-DC Handover Scenarios 
Table B-1 summarizes the supported handover scenarios involving MR-DC configurations. 



Table B-1: Supported MR-DC handover scenarios. 



 



NOTE 1: Only SRVCC handover of IMS voice bearer to UTRAN is supported. 



NOTE 2: All handover scenarios according to Table B-1 that have a DC option in the column "from" are supported during fast MCG failure recovery. 
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