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1. Introduction
In last RAN4 meeting, the RRM requirement for handover with PSCell has been discussed and the conclusions were captured in the WF[1]. However, there are couple of open issues from last meeting, and in this contribution, we continue discussing the RRM requirement for HO with PSCell.
2. Scenarios for HO with PSCell
In last meeting the agreement on scenarios were:
	· Issue 2-1-1: Scenarios for RRM requirement of HO with PSCell 
· Agreements
· Define 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
· FFS on other scenarios


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 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 last meeting, companies have different views on NR-DC and NE-DC mode as below,
	· Issue 2-1-2: NR-DC and NE-DC mode in HO with PSCell
· FFS:
· Option 1(Apple, CATT, QC, MTK): 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.
· Option 2(Huawei, Ericsson): 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.
· Option 3(tentative compromise)(Apple): 
· For HO with PSCell from NR-DC to NR-DC, following scenario(s) are considered in RAN4, 
· FR1+FR2 NR-DC
· FFS: FR1+FR1 NR-DC
· For HO with PSCell from NE-DC to NE-DC, following scenario(s) are considered in RAN4, 
· FR1+LTE NE-DC
· FFS: FR2+LTE NE-DC 
· Option 4(Nokia): 
· For HO with PSCell from NR-DC to NR-DC, following scenario(s) are considered in RAN4, 
· FR1+FR2 NR-DC
· FR1+FR1 NR-DC
· For HO with PSCell from NE-DC to NE-DC, following scenario(s) are considered in RAN4, 
· FR1+LTE NE-DC
· FFS: FR2+LTE NE-DC 



The FR1+FR1 NR-DC was introduced in R16 (TS38.101-1, R16) and the FR2 +LTE NE-DC (TS38.101-3, R17) was introduced in R17, but so far there is no RRM requirement specified for those two scenarios. In this HO with PSCell scope, we propose to use the R15 UE capability as a starting point, and we could define the requirement of HO with PSCell when baseline RRM measurement requirement is defined for those two scenarios in the future. Thus, we propose to only consider legacy FR1+FR2 NR-DC and FR1+LTE NE-DC in R17 HO with PSCell. 
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.
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 R17 HO with PSCell. Based on the discussion in last meeting, we had some agreements on the open issues but still we have some key points to clarify before we can finalize the requirement (listed as below),
· Timeline for HO with PSCell
· Starting point and ending point of delay requirement for HO with PSCell
· Optimisation for the case when PSCell is not changed during HO with PSCell
· RRC procedure delay for HO with PSCell
· UE processing time margin for HO with PSCell
· RACH assumption for HO with PSCell
· Delay requirement for HO with PSCell
3.1 Timeline for HO with PSCell
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. In last meeting, it was a long discussion on parallel and sequential processing for HO with PSCell, which is duplicated as below,
	· Issue 2-2-3: timeline for HO with PSCell
· Agreement
· Identify the detailed components of “HO with PSCell” procedure
· Further discuss whether the procedures could be performed in parallel or sequentially based on the existing requirements.



Similar as R16, the sequential processing shall be considered as the baseline solution for HO with PSCell from UE perspective. However, due to the online/offline comments from companies in last meeting, we are also fine to find a compromised solution of this issue, i.e., introduce a R17 UE capability indication for sequential processing and parallel processing for HO with PSCell.
Proposal 3: A new R17 UE capability is introduced to indicate whether UE can support sequential processing or parallel processing for HO with PSCell.
3.2 Starting point and ending point of delay requirement for HO with PSCell
In last meeting, we received couple options in [1], and duplicate as below,
	· Issue 2-2-1: starting point and ending point of the delay requirement for HO with PSCell
· FFS:
· Option 1 (Apple, Xiaomi, OPPO, NEC): 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).
· Option 2 (Qualcomm, MTK): during HO with PSCell, the same starting point is assumed for PCell and PScell, i.e. when the UE receives a RRC message implying handover with PSCell; the ending points should be separately defined as PCell PRACH and PSCell PRACH and the overall ending point can be whichever leg finishes the PRACH preamble at last.
· Option 3 (tentative compromise, Nokia, Apple, Intel, NEC, Ericsson, CATT): For delay requirement of HO with PSCell, 
· reuse the starting point definition from legacy HO, i.e., the end of the last TTI containing the RRC command implying handover with PSCell.
· FFS: the ending point



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, if sequential processing for HO with PSCell is assumed (i.e., PSCell RACH is after the PCell RACH), then it would be the timing when UE shall be capable to transmit PRACH preamble towards target PSCell within Thandover_with_PSCell; otherwise, if the parallel processing is assumed for HO with PSCell (i.e., no timing order between PCell RACH and PSCell RACH), then it would be the later one 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”. The option 2 in last meeting is not very clear, and we prefer to clarify it as,
Proposal 4: For delay requirement of HO with PSCell, 
· reuse the starting point definition from legacy HO, i.e., the end of the last TTI containing the RRC command implying handover with PSCell.
· the ending point is:
· the timing when UE shall be capable to transmit PRACH preamble towards target PSCell if sequential processing is used
· 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” if the parallel processing is used


3.3 Optimization for the case when PSCell is not changed during HO with PSCell
In the last meeting, RAN4 discussed whether the optimization shall be considered when PSCell is not changed during HO with PSCell. The following options were captured in [1]:
	· Issue 2-2-4: optimization for the case when PSCell is not changed during HO with PSCell
· FFS:
· Option 1 (Intel): For HO with PSCell from NR-DC to NR-DC, if PSCell is not changed, no timing tracking for PSCell is needed. If PSCell is changed, timing tracking for PSCell is needed, scaling factor may be considered.
· Option 2 (Ericsson, Nokia): T∆  reduction when source and target PSCell is the same cell.
· Option 3 (Huawei, Apple, Xiaomi, Intel, QC, MTK, OPPO): 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 4 (CATT): When PSCell is not changed, the requirements for HO with PSCell should be the legacy HO requirement. The PSCell can still work but with interruption caused by PCell HO.
· FFS on other optimizations if any (Qualcomm, OPPO , NEC)



It’s up to UE implementation if the PSCell timing/frequency information would be kept or not. For the minimum requirement design, the most conservative UE implementation shall be considered, that is, for UE which is already configured with DC, the UE’s behavior is same regardless of whether the configured PSCell is same as the original one or not.
Proposal 5: for UE which is already configured with DC, the UE’s behavior is same regardless of whether the configured PSCell is same as the original one or not.
3.4 RRC procedure delay for HO with PSCell
In last meeting RAN4 sent LS [2] to RAN2 for the answer of RRC procedure delay for HO with PSCell, and we may skip this part in this meeting and wait for RAN2 replies.
3.5 UE processing time 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 in legacy PSCell addition accounts for UE SW/stack preparation time and possible RF warm-up time if needed. Since we proposed to have a UE capability indication for sequential and parallel processing, the UE processing margin shall also be differentiated for those two different implementations/capabilities.
If UE only supports sequential processing for HO with PSCell, for simplicity of requirement design, the total UE processing time for HO with PSCell is the sum of UE processing timing of legacy HO and UE processing timing of legacy PSCell addition. In the current TS38.133, if the target PCell in HO or target PSCell in PSCell addition is different from the old PCell respectively, the processing time of UE SW/stack is 40ms; otherwise, the processing time is 20ms. The processing delay is summarized in table 1.
Note: in the current HO requirement, the processing margin is determined by the old PCell’s and target PCell’s FR regardless of the other old serving cell’s FR.
Table 1. UE processing time margin for sequential processing capable UE
	Total UE processing margin (Tprocessing = Tprocessing_HO + Tprocessing_PSCell_addition)
	HO processing time margin (Tprocessing_HO)
	PSCell addition processing time margin (Tprocessing_PSCell_addition)
	Condition 

	40ms
	20ms
	20ms
	Target PCell and PSCell is in the same FR as old PCell; 

	60ms
	40ms
	20ms 
	Target PCell and/or target PSCell is in the different FR from old PCell. 

	
	20ms
	40ms
	



If UE can support parallel processing for HO with PSCell, UE would perform the SW/stack for PCell HO and PSCell addition/change simultaneously, the total UE processing time for HO with PSCell could be the maximum one between UE processing timing of legacy HO and UE processing timing of legacy PSCell addition. The processing delay is summarized in table 2.
Table 2. UE processing time margin for parallel processing capable UE
	Total UE processing margin (Tprocessing = Max {Tprocessing_HO, Tprocessing_PSCell_addition})
	HO processing time margin (Tprocessing_HO)
	PSCell addition processing time margin (Tprocessing_PSCell_addition)
	Condition 

	20ms
	20ms
	20ms
	Target PCell and PSCell is in the same FR as old PCell; 

	40ms
	40ms
	20ms 
	Target PCell and/or target PSCell is in the different FR from old PCell. 

	
	20ms
	40ms
	



Proposal 6: 
If UE only supports sequential processing for HO with PSCell, the total UE processing time for HO with PSCell is the sum of UE processing timing of HO and UE processing timing of PSCell addition.
If UE can support parallel processing for HO with PSCell, the total UE processing time for HO with PSCell could be the maximum one between UE processing timing of HO and UE processing timing of PSCell addition
Proposal 7: the UE processing time for HO with PSCell is:
	UE processing margin (Tprocessing)
	Target PCell and PSCell is in the same FR as old PCell
	Target PCell and/or target PSCell is in the different FR from old PCell

	Sequential processing capable UE
	40ms
	60ms

	Parallel processing capable UE
	20ms
	40ms 



3.6. RACH assumption for HO with PSCell
The RACH assumptions were discussed in last meeting as well, but unfortunately no conclusion has been made. The collected options are duplicated as below,
	· Issue 2-4-1: 2 step and 4 step RACH for HO with PSCell
· FFS:
· Option 1 (ZTE, Ericsson, Nokia): Include both 2-step RA and 4-step RA into the new requirements made for handover with PSCell.
· Option 2 (Apple, Xiaomi, CATT, MTK, OPPO): start the discussion with 4 step RACH first and FFS on 2 step RACH.
· Option 3 (QC): wait conclusion of issue 2-2-3 
· Issue 2-4-2: RACH occasion collision between Pcell and PSCell
· FFS:
· Option 1 (Huawei, Apple, Xiaomi, Ericsson, MTK, CATT): There is no need to further consider the RO collision issue from RAN4’s perspective.
· Option 2 (Huawei, Intel, Qualcomm): wait conclusion of issue 2-2-3.
· Option 3 (Nokia): need more discussion



Since 2 step RACH is a R16 feature, we think RAN4 could start from 4 step RACH first and 2 step RACH might be discussed after the requirement of HO with PSCell by using 4 step RACH is stable. Thus, we prefer to adopt option 2.
Proposal 8: for requirement of HO with PSCell, RAN4 starts the discussion with 4 step RACH first and FFS on 2 step RACH.
If sequential processing is used, there is no need to consider RACH occasion (RO) collision between PCell and PSCell. If parallel processing is used, RAN1 has clear power allocation definition between CGs in MR-DC case (that applies to RACHs as well), the RACH transmission on certain CG depends on the power allocation and UE capability (dynamic power sharing and single UL). For instance, in RAN1 TS38.213 section 7.6, the power allocation mechanism has been defined for EN-DC, NE-DC and NR-DC, and followings are the partial definitions for EN-DC and NE-DC cases as example,
	EN-DC:
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NE-DC:
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What we observed from RAN1 spec is: in FR1+FR1 EN-DC the PSCell RACH transmission may be delayed due to the power allocation and UE capability of “uplinkTxSwitching” when PSCell RACH is collided with the UL channels on PCell; while in FR1+FR1 NE-DC the PCell RACH transmission may be delayed due to the power allocation and UE capability of “uplinkTxSwitching” when PCell RACH is collided with the UL channel on PSCell. Moreover, for NE-DC HO with PSCell, the PCell RACH could only be collided with PSCell RACH rather than other UL channels since PSCell is not ready to be scheduled in this case.
Thus, in this requirement for HO with PSCell, if the PCell and PSCell are on the different FRs, no need to consider RO collision issue. But if PCell and PSCell are on the same FR, the RO collision issue shall be considered carefully. Based on the proposal 2, we have:
FR1+FR1: EN-DC, NE-DC
FR1+FR2: EN-DC, NR-DC
That means: 
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 (e.g., not support DPS, or too much power reduction, or single UL transmission limitation), as shown in example figure 1.
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Figure 1. example of additional RACH uncertainty
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 (e.g., not support DPS).
Otherwise, if the PCell and PSCell are on the different FRs, no need to consider RO collision issue. 
Proposal 9: If sequential processing is used, there is no need to consider RACH occasion (RO) collision between PCell and PSCell. 
If parallel processing is used:
· 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 the PCell and PSCell are on the different FRs, no need to consider RO collision issue.

Another issue from last meeting is whether there is any timing order between PCell RACH or PSCell RACH if parallel processing is used. After double checking RAN2 specs, we did not see any limitation in RAN2 and therefore we can agree that there is no time order limitation between PCell RACH and PSCell RACH for HO with PSCell.
Proposal 10: 
If sequential processing is used, UE transmits PSCell RACH later than PCell RACH. 
If parallel processing is used, there is no time order limitation between PCell RACH and PSCell RACH for HO with PSCell.

3.7. Delay requirement for HO with PSCell
Based on proposal 3, the delay requirement for HO with PSCell shall be differentiated between sequential processing capable UE and parallel processing capable UE. 
For sequential processing capable UE:
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 2. 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 3. 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 4. 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 11: For sequential processing capable UE, RAN4 assumes that UE performs target PSCell addition after receiving RAR (msg 2) from target PCell in the requirement of HO with PSCell.
For parallel processing capable UE:
According to the proposal 10, there is no timing order limitation between PCell RACH and PSCell RACH.
According to the proposal 2, the target PCell and PSCell could be:
FR1+FR1: EN-DC, NE-DC
FR1+FR2: EN-DC, NR-DC
There is no AGC estimation limitation for HO with PSCell for above scenarios since we only consider intra-band DC between LTE and NR (EN-DC), and therefore the DL synchronization, AGC settling and T/F tracking processing could be independently performed on PCell and PSCell respectively, as shown in figure 5.
[image: ]
Figure 5. UE performs target PCell HO and target PSCell addition independently 
Proposal 12: For parallel processing capable UE, RAN4 assumes that UE performs target PCell HO and target PSCell addition independently after decoding the HO command.
4. Detailed delay 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
For sequential processing capable UE:
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,
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). TPSCell_ DU in Tconfig_PSCell is the delay uncertainty in acquiring the first available PRACH occasion in the NR PSCell. 

For parallel processing capable UE:
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 + max {Tinterrupt, Tconfig_PSCell – 20ms}
Where,
Tinterrupt is as defined in TS38.133 section 6.1.2.1.3 (HO from NR to LTE).
Tconfig_PSCell is as defined in TS36.133 section 7.31.2 (PSCell addition for EN-DC). TPSCell_ DU in Tconfig_PSCell is the delay uncertainty in acquiring the first available PRACH occasion in the NR PSCell. 
4.2 HO with PSCell for EN-DC to EN-DC
For sequential processing capable UE:
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,
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). TPSCell_ DU in Tconfig_PSCell is the delay uncertainty in acquiring the first available PRACH occasion in the NR PSCell.

For parallel processing capable UE:
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 + max {Tinterrupt, Tconfig_PSCell – 20ms}
Where,
Tinterrupt is as defined in TS36.133 section 5.1.2.1.2.1 (HO from LTE to LTE).
Tconfig_PSCell is as defined in TS36.133 section 7.31.2 (PSCell addition for EN-DC). TPSCell_ DU in Tconfig_PSCell is the delay uncertainty in acquiring the first available PRACH occasion in the NR PSCell.
4.3 HO with PSCell for NE-DC to NE-DC
For sequential processing capable UE:
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,
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).

For parallel processing capable UE:
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 + max{Tinterrupt, Tconfig_EUTRAN-PSCell – 20ms}
Where,
Tinterrupt is as defined in TS38.133 section 6.1.1.2.2 (HO from NR FR1 to NR FR1). TIU in Tinterrupt is the interruption uncertainty in acquiring the first available PRACH occasion in the new cell.
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
For sequential processing capable UE:
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,
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). 

For parallel processing capable UE:
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 + max{Tinterrupt, Tconfig_PSCell – 16ms}
Where,
Tinterrupt is as defined in TS38.133 section 6.1.1.2.2 (HO from NR FR1 to NR FR1).
Tconfig_PSCell is as defined in TS38.133 section 8.9.2 (PSCell addition for NR-DC). TPSCell_DU in Tconfig_PSCell is the delay uncertainty in acquiring the first available PRACH occasion in the PSCell.
5. Interruption requirement for HO with PSCell
In last meeting, some options were captured in [1], which are duplicated as below,
	· Issue 2-3: Interruption requirement for HO with PSCell
· FFS:
· Option 1 (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 2 (Xiaomi): when UE is ready to be scheduled on the new PCell during the interruption time for PSCell, the following options can be considered for the UE behavior.
· Option 2-1: UE is not expected to be scheduled on the new PCell during the HO with PSCell procedure;
· Option 2-2: UE can be scheduled on the new PCell but define interruption requirement between the time PCell is ready for scheduling and the time UE starts the transmission of the new PRACH on the new PSCell.
· Option 3 (Nokia, Qualcomm, OPPO): more discussion is needed, Waiting for the conclusion from issue 2-2-3


When sequential processing is used, UE would disconnect from network for PCell HO first; after successfully RACH to the target PCell UE could be scheduled on new PCell and UE would have an interruption on new PCell due to the PSCell addition.
When parallel processing is used, UE would disconnect from network for PCell HO first and during the HO procedure UE can also perform the PSCell addition. If PSCell addition is completed earlier than PCell HO, since UE would not be scheduled on PSCell before PCell HO completion, it’s no need to define interruption requirement, i.e., no active serving cell to be interrupted. If PCell HO is completed earlier than PSCell addition, as shown in figure 6, the first available SSB might be later than PCell HO completion, and then the interruption due to RF tuning for PSCell addition would interrupt the new PCell scheduling. 
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Figure 6. Interruption when PCell HO is completed earlier than PSCell addition
Proposal 13: 
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.
6. Conclusion
In this contribution we discuss the scenarios for HO with PSCell as well as the 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: A new R17 UE capability is introduced to indicate whether UE can support sequential processing or parallel processing for HO with PSCell.
Proposal 4: For delay requirement of HO with PSCell, 
· reuse the starting point definition from legacy HO, i.e., the end of the last TTI containing the RRC command implying handover with PSCell.
· the ending point is:
· the timing when UE shall be capable to transmit PRACH preamble towards target PSCell if sequential processing is used
· 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” if the parallel processing is used
Proposal 5: for UE which is already configured with DC, the UE’s behaviour is same regardless of whether the configured PSCell is same as the original one or not.
Proposal 6: 
If UE only supports sequential processing for HO with PSCell, the total UE processing time for HO with PSCell is the sum of UE processing timing of HO and UE processing timing of PSCell addition.
If UE can support parallel processing for HO with PSCell, the total UE processing time for HO with PSCell could be the maximum one between UE processing timing of HO and UE processing timing of PSCell addition
Proposal 7: the UE processing time for HO with PSCell is:
	UE processing margin (Tprocessing)
	Target PCell and PSCell is in the same FR as old PCell
	Target PCell and/or target PSCell is in the different FR from old PCell

	Sequential processing capable UE
	40ms
	60ms

	Parallel processing capable UE
	20ms
	40ms 



Proposal 8: for requirement of HO with PSCell, RAN4 starts the discussion with 4 step RACH first and FFS on 2 step RACH.
Proposal 9: If sequential processing is used, there is no need to consider RACH occasion (RO) collision between PCell and PSCell. 
If parallel processing is used:
· 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 the PCell and PSCell are on the different FRs, no need to consider RO collision issue.

Proposal 10: 
If sequential processing is used, UE transmits PSCell RACH later than PCell RACH. 
If parallel processing is used, there is no time order limitation between PCell RACH and PSCell RACH for HO with PSCell.
Proposal 11: For sequential processing capable UE, RAN4 assumes that UE performs target PSCell addition after receiving RAR (msg 2) from target PCell in the requirement of HO with PSCell.
Proposal 12: For parallel processing capable UE, RAN4 assumes that UE performs target PCell HO and target PSCell addition independently after decoding the HO command.
Proposal 13: 
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.
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the UE does not expect to transmit in a slot on the MCG in FR1 when a corresponding subframe on the SCG
is an UL subframe in the reference TDD configuration.





image4.emf



LTE PCell



NR PSCell



RACH or other 
UL channel



RACH



X X



UL channel



RACH



RACH on PSCell cannot be transmitted based on 
TS38.213 definitions, e.g., if UE only supports single UL, 
or if P_LTE+P_NR> P_UE, but UE doesn’t support DPS



RACH



Additional RACH uncertainty











image5.emf



RRC command for HO 
with PSCell



UE starts HO to target 
PCell



UE send RACH 
preamble to target 
PCell (msg1)



TinterruptTRRC_procedure_delay



UE receives 
RAR from 
target PCell 
(msg2)



Scheduled UL 
Transmission 
(msg3) for 
CBRA



Contention 
Resolution 
(msg4) for 
CBRA



PCell HO timeline



PSCell addition timeline



UE starts target 
PSCell addition



UE send RACH preamble 
to target PSCell (msg1)



Tconfig_PSCell











image6.emf



RRC command for HO 
with PSCell



UE starts HO to target 
PCell



UE send RACH 
preamble to target 
PCell (msg1)



TinterruptTRRC_procedure_delay



UE receives 
RAR from 
target PCell 
(msg2)



Scheduled UL 
Transmission 
(msg3) for 
CBRA



RRC 
configuration 
(msg4) for 
CBRA



PCell HO timeline



PSCell addition timeline



UE starts target 
PSCell addition



UE send RACH preamble 
to target PSCell (msg1)



Tconfig_PSCell



Tmsg2











image7.emf



RRC command for HO 
with PSCell



UE starts HO to target 
PCell



UE send RACH 
preamble to target 
PCell (msg1)



TinterruptTRRC_procedure_delay



UE receives 
RAR from 
target PCell 
(msg2)



Scheduled UL 
Transmission 
(msg3) for 
CBRA



RRC 
configuration 
(msg4) for 
CBRA



PCell HO timeline



PSCell addition timeline



UE starts target 
PSCell addition



UE send RACH preamble 
to target PSCell (msg1)



Tconfig_PSCell



Tmsg2 Tmsg4











image8.emf



RRC command for HO 
with PSCell



UE starts HO to 
target PCell



UE send RACH 
preamble to target 
PCell (msg1)



TinterruptTRRC_procedure_delay



PCell HO timeline



PSCell addition timeline



UE starts target 
PSCell addition



UE send RACH preamble to target PSCell (msg1), the PSCell 
RACH may be earlier or may be later than PCell RACH



Tconfig_PSCell 











image9.emf



RRC command for HO 
with PSCell UE starts HO to 



target PCell



UE send RACH 
preamble to target 
PCell (msg1)



TinterruptTRRC_procedure_delay



PCell HO timeline



PSCell addition timeline



UE starts target 
PSCell addition



UE send RACH preamble 
to target PSCell (msg1)



Tconfig_PSCell 



First available RS occasion for 
PSCell addition



RF tuning for 
PSCell addition











image1.emf



 



ETSI 



ETSI TS 137 340 V16.3.0 (2020-11)793GPP TS 37.340 version 16.3.0 Release 16



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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If a UE is configured with . + B, > PEN°C , where p is the linear value of P, , B, is the linear value of B,
and pE>¢ is the linear value of a configured maximum transmission power for EN-DC operation as defined in [8-3, TS
38.101-3] for FR1, the UE determines a transmission power for the SCG as follows.

- If the UE is configured with reference TDD configuration for E-UTRA (by tdm-PatternConfig-r15 or by tdm-
PatternConfig-r16 in [13, TS 36.213])

- If the UE does not indicate a capability for dynamic power sharing between E-UTRA and NR for EN-DC,
hen a corresponding subframe on the MCG is an UL
subframe in the reference TDD configuration.

- If the UE indicates a capability for dynamic power sharing between E-UTRA and NR for EN-DC, and does
not indicate a capability uplinkTxSwitching-OptionSupport = dualUL in [16, TS 38.306], and is configured

with tdm-PatternConfig-r!16, the UE does not transmit on the SCG in FR1 when the UE has overlapped

transmission on a subframe on the MCG.




