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1. Introduction
In last meeting, a WF on RRM requirements for HO with PScell of Rel-17 NR RRM further enhancement was approved [1]. 
	Agreements:
· Tprocessing includes both software processing time and RF warm up time.
· It depends on RAN2 reply whether RACH processing can be performed in parallel or not and it can be further discussed
· Considering the reply LS from RAN2, RRC processing delay for HO with PSCell is:
· NR SA to EN-DC: 50ms 
· EN-DC to EN-DC: 20ms
· NE-DC to NE-DC: 16ms
· NR-DC to NR-DC: 16ms
· Note: RRC processing delay is defined in RAN2 specification.
· PCC could be scheduled for UE when Pcell HO is completed but PSCell addition is not completed
· PCell HO and PSCell addition, except RACH procedure, are performed in parallel for at least some of procedures
· FFS condition of parallel processing 



In this contribution, we provide our view on HO with PSCell.
2. Discussion
· On Scenarios for RRM requirements of HO with PSCell
RAN plenary decision is not to extend any scope of this WID in R17 at this stage. Whether the baseline PSCell addition requirement for FR1+FR1 NR-DC would be discussed in TEI still needs to be discussed. RAN4 still cannot conclude on FR1+FR1 NR-DC for HO with PSCell from NR-DC to NR-DC.
Observation 1: RAN4 needs to consider whether or where to handle the baseline requirements of FR1+FR1 NR-DC for HO with PSCell from NR-DC to NR-DC. 
Proposal 1: 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.

· Delay requirements of HO with PSCell
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.

In our view, we agree that some components of procedures of HO with PScell could be performed in parallel, i.e., RA procedures and Tprocessing. Not all UE can support simultaneous 2 Tx for 2 carriers. RRM requirements of timeline for HO with PScell should be defined considering the worst scenario of sequential RACH processing
Proposal 2: PCell HO and PSCell addition, without considering RA procedures and Tprocessing, are performed in parallel independently.
Proposal 3: Sequential RACH processing should be considered for minimum RRM requirements of HO with PSCell.
	Issue 2-2-3: UE SW processing and RF warm-up(if needed) time for HO with PSCell
· Option 1 (CATT): The value of processing time of handover and the PSCell addition can be reused separately. And Tprocessing for HO with PSCell including UE SW processing and RF warm-up time should be the maximum of the processing time of handover and the processing time of the PSCell addition.
· Option 3 (Apple, Xiaomi, Huawei, Intel): 
· [bookmark: _Hlk78470271]For 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.
· For 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
· the UE processing time for HO with PSCell is:
	UE processing margin (Tprocessing)
	Target Pcell and PSCell is in the same FR as old serving cell
	Target Pcell and/or target PSCell is in the different FR from old serving cell

	Sequential processing 
	40ms
	60ms

	Parallel processing 
	20ms
	40ms 



· Option 6 (Nokia): 
· The UE processing time in HO with PSCell can be 20ms if source & target Pcell is in same frequency range and source & target PSCell in same frequency range, 40ms otherwise.
· No additional RF retuning interruption should be defined during HO with PSCell.
· Option 8 (MTK): The overall Tprocessing for HO with PSCell should be max(Tprocessing for PCell HO, Tprocessing for PSCell addition) +10ms
· Option 10 (Qualcomm, vivo, MTK, NEC, Ericsson, OPPO): 
· Extending the UE processing time for NRSA to EN-DC joint handover by [FFS]ms and [FFS] can be 10ms as the starting point, i.e. Tprocessing = [30]ms.
· For NRDC to NRDC, the UE processing time to be 20ms without FR mode switch on PSCell; otherwise, the UE processing time shall be 40ms as the legacy PSCell change requirement.


For the case NR SA to EN-DC, we agree to extend the UE processing time to 30ms assuming sequential UE processing timing of HO and PSCell addition.
For the case EN-DC to EN-DC, and NR-DC to NR-DC, the UE processing time to be 30ms within the same FR of target PCell and PSCell; otherwise, otherwise the UE processing time shall be 50ms as the legacy PSCell change requirement.
Proposal 4: For the case NR SA to EN-DC, we agree to extend the UE processing time to 30ms assuming sequential UE processing timing of HO and PSCell addition.
For the case EN-DC to EN-DC, and NR-DC to NR-DC, the UE processing time to be 30ms within the same FR of target PCell and PSCell; otherwise, otherwise the UE processing time shall be 50ms as the legacy PSCell change requirement.

	Issue 2-2-5: Ending point of the delay requirement for HO with PSCell
· Option 1 (CATT, CMCC, Ericsson, Intel, NEC, vivo, Nokia, Apple, Xiaomi, OPPO, DoCoMo): Waiting for RAN2 response for order of random access carried out towards PCell and PSCell.
· Option 2 (OPPO, DoCoMo, vivo): The ending point of HO with PSCell is the timing when UE is capable to transmit PRACH preamble towards target PSCell.
· Option 3 (Apple): the ending point of the delay requirement for HO with PSCell is:
· if sequential processing is used, the timing when UE shall be capable to transmit PRACH preamble towards target PSCell 
· if the parallel 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” 
· Option 4 (Huawei, QC, MTK, CMCC, Ericsson):
· Define delay requirements for HO and PSCell addition/change separately with the ending points defined as Pcell PRACH and PSCell PRACH respectively. No need to define overall delay requirement.


[bookmark: OLE_LINK1][bookmark: OLE_LINK2]RAN4 has agreed that for delay requirement of HO with PSCell, the starting point is the end of the last TTI containing the RRC command of handover with PSCell. For ending point of procedure of HO with PSCell, if sequential processing is used, it is the timing when UE shall be capable to transmit PRACH preamble towards target PSCell; if the parallel processing is used, it is 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”, which is usually the timing when UE shall be capable to transmit PRACH preamble towards target PSCell.
[bookmark: OLE_LINK109][bookmark: OLE_LINK110]Proposal 5: The ending point of the delay requirements for HO with PSCell is the timing when UE shall be capable to transmit PRACH preamble towards target PSCell. 
· Issue 2-2-5: optimisation for the case when PSCell is not changed during HO with PSCell
· Option 1 (ZTE, CATT, Apple, OPPO, Ericsson, vivo, Xiaomi, Qualcomm, Intel): For UE which is already configured with DC, the UE’s behavior is same when the configured PSCell is same as the original one or not.
· Option 2 (Nokia): If the target PSCell is same as source PSCell, UE should have known the timing, then it is no need for fine time tracking for target PSCell.


For the case when PSCell is not changed during HO with PSCell, though it is known to UE configured with DC before and after HO with PSCell, the PSCell is treated as a new one for the PCell (or MN node). Thus, UE’s behaviour is supposed to be the same no matter the configured PSCell is same as the original one or not.
Proposal 6: 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.
Issue 2-2-8: Delay requirement design if parallel processing is assumed
· Option 1 (CATT): 
· If parallel processing is assumed and having order limit of PRACH, the delay requirement can be defined as:
· Delay = RRC processing time + max(Tprocessing for handove, Tprocessing for addition) + max(Tinterrupt –Tprocessing for handove , Tconfig_PSCell –  TRRC_delay –Tprocessing for addition–TPSCell_ DU) + TPSCell_ DU
· If parallel processing is assumed and having not order limit of PRACH, the delay requirement can be defined as:
· Delay = RRC processing time + max(Tinterrupt , Tconfig_PSCell –  TRRC_delay)
· Option 2 (CMCC): 
· Delay for HO with PSCell is maximum (PSCell addition delay, HO delay)
· PSCell addition delay= TRRC_delay + Tprocessing + Tsearch + T∆ + TPSCell_ DU + 2 ms
· HO delay = TRRC_delay +Tinterrupt = TRRC_delay +Tsearch + TIU + Tprocessing  + T∆ + Tmargin ms
· Option 3 (Nokia): 
· The delay requirements for HO with PSCell can be described as: DHO_with_PSCell = TRRC_delay + Tsearch + Tprocessing + T∆ + Tmargin +TFFS. Where TFFS is the delay in acquiring the first available PRACH occasion in the target cells. 
· The cell searching time in HO with PSCell can be the maximum searching time of target PCell and PSCell.
· Delay requirements for parallel processing are discussed after there is conclusion on the other issues in sub-topic 2-2.
Issue 2-2-9: Delay requirement design if sequential processing is assumed
· Option 1 (CATT): 
·  If sequential processing is assumed, the delay requirement can be defined as:
· Delay = RRC processing time + max(Tprocessing for handove, Tprocessing for addition) + (Tinterrupt –Tprocessing for handove) + (Tconfig_PSCell –  TRRC_delay –Tprocessing for addition)
· Option 2: 
· Other options are not precluded.
· Delay requirements for sequential processing are discussed after there is conclusion on other issues in sub-topic 2-2.

 

Issue 2-3-2: Interruption requirement for HO with PSCell
· Option 1 (CATT, Xiaomi, vivo): No interruption requirement should be defined during HO with PSCell
· Option 1a (Huawei, Docomo): No interruption requirement should be defined during HO with PSCell for parallel processing. FFS for sequential processing, if needed.
· Option 2 (MTK, Ericsson, CATT, Intel, Nokia):  No new interruption requirement for HO with PSCell is needed. Interruption in legacy handover delay requirement can still be applied for the PCell
· Option 3 (Apple, OPPO, Huawei): 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 5 (NEC, Qualcomm): RAN4 to postpone the discussion on interruption uncertainty (TIU) till reply LS from RAN2 is received.
· Option 6 (Qualcomm): Depending on RAN2 LS reply.


Based on RAN2’s understanding, UE performs conventional Rel-15 HO procedure and PSCell addition separately, i.e., UE can handover to the new PCell without PSCell addition. Similarly, when PCell HO is completed but PSCell addition is not completed, we can compromise that UE can be scheduled on the new PCell during the HO with PSCell procedure, but additional interruption may be expected on PCell due to PSCell addition. Otherwise, PCC could not be scheduled if no interruption was allowed.
Proposal 7: Additional interruption may be expected on PCell due to PSCell addition.
3. Conclusion
In this contribution, we proposed our views on RRM requirements for HO with PSCell of Rel-17 NR RRM further enhancement.
Observation 1: RAN4 needs to consider whether or where to handle the baseline requirements of FR1+FR1 NR-DC for HO with PSCell from NR-DC to NR-DC. 
[bookmark: _GoBack]Proposal 1: 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.
Proposal 2: PCell HO and PSCell addition, without considering RA procedures and Tprocessing, are performed in parallel independently.
Proposal 3: Sequential RACH processing should be considered for minimum RRM requirements of HO with PSCell.
Proposal 4: For the case NR SA to EN-DC, we agree to extend the UE processing time to [30]ms assuming sequential UE processing timing of HO and PSCell addition.
For the case EN-DC to EN-DC, and NR-DC to NR-DC, the UE processing time to be [30]ms within the same FR of target PCell and PSCell; otherwise, otherwise the UE processing time shall be [50]ms as the legacy PSCell change requirement.
Proposal 5: The ending point of the delay requirements for HO with PSCell is the timing when UE shall be capable to transmit PRACH preamble towards target PSCell. 
Proposal 6: 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.
Proposal 7: Additional interruption may be expected on PCell due to PSCell addition.
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