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Work on RRM requirements for Handover with PSCell [1] continued during the RAN4#101-e meeting, and the outcome in terms of agreements and open issues was captured in a WF [2].
In this contribution we provide our views on the open issues in the WF.
Discussion
When HO with PSCell is commanded, the PCell HO delay (THO_PCell) (excluding RRC delay) shall be less than 
	THO_PCell = Tsearch  + T∆ + Tmargin  + Tprocessing + TIU ms
Where:
	Tsearch is the time required to search the target cell. 
	T∆ is time for fine time tracking and acquiring full timing information of the target cell. 
	Tmargin is time for SSB post-processing. 
	TIU is the interruption uncertainty in acquiring the first available PRACH occasion in the new cell.
	Tprocessing is time for UE processing. Tprocessing can be up to 20ms.
PSCell addition/change delay (excluding RRC delay) shall be less than TPSCell_addition 
 
TPSCell_addition = Tsearch + T∆ + Tmargin + Tprocessing + TPSCell_ DU ms.
Where:
	Tsearch is the time for AGC settling and PSS/SSS detection. 
[bookmark: _Hlk92253307]	T∆ is time for fine time tracking and acquiring full timing information of the target cell. 
	Tmargin is time for SSB post-processing. 
	Tprocessing is the SW processing time needed by UE, including RF warm up period. 
	TPSCell_ DU is the delay uncertainty in acquiring the first available PRACH occasion in the PSCell. 
In last meeting RRM requirements for HO with PSCell are agreed to be defined for both parallel processing cases and sequential processing cases when applicable, irrelevant of deployment scenarios. Further it was agreed that different requirements for parallel processing cases and sequential processing cases will be defined. It was also agreed that the separate ending points will be defined for PCell PRACH and PSCell PRACH respectively for PCell HO and PSCell addition.

Further Tsearch + T∆ + Tmargin are agreed to be defined for both parallel and sequential processing cases. In the below sections we further discuss the open issues in timeline of Tprocessing and RA procedures (TIU, TPSCell_ DU).  timeline.

Timeline for Tprocessing
Following WF [2] is agreed after last meeting.

· Option 1: (CATT, Ericsson, MTK, Intel, ZTE, vivo, Nokia)
· 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, Xiaomi, 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: (Intel, Nokia)
· Don’t need to define a unified Tprocessing for HO with PSCell. Tprocessing for PCell and PSCell can be used in each requirement respectively.
· Option 4: (Huawei)
· Tprocessing for HO with PSCell = max (Tprocessing for PCell HO, Tprocessing for PSCell addition/change) for both parallel and sequential processing scenarios.

Our view here is that the UE shall be capable of software processing (software loading etc) and RF warm-up in parallel in the two cell groups.

Proposal 1:		UE shall be capable of software processing and RF warm-up in parallel for PCell and PSCell regardless whether other activities (e.g., cell detection) are carried out in parallel or in sequence.

Our assumption is that software loading, and RF warm-up shall be carried out in parallel for PCell and PSCell, regardless of whether parallel or sequential processing is assumed for cell detection and following WF is agreed after last meeting. With this assumption, Tprocessing should be the maximum value between UE processing timing of PCell HO and UE processing timing of PSCell addition/change.

Based on the above assumption we make following proposal.

Proposal 2: Tprocessing should be the maximum value between UE processing timing of PCell HO and UE processing timing of PSCell addition/change. Tprocessing for HO with PSCell = max (Tprocessing for PCell HO, Tprocessing for PSCell addition/change)


Interruption requirement design of HO with PSCell
In last meeting It was agreed that interruption in legacy handover delay requirement can be applied for PCell and no additional interruption is defined for PSCell addition/change. Further when PSCell addition/change is performed in sequential to PCell HO, interruption on PCell, due to PSCell RF retuning is discussed in last meeting. Our view is RF retuning for PSCell can be carry out when it is not interfering with reference signals to be received on PCell. Hence no additional interruption is required.
Proposal 3: RAN4 to agree that no additional interruption requirements on PCell should be defined during HO with PSCell due to sequential RF retuning of PSCell.

Generic RACH assumption for HO with PSCell
Following is agreed as WF in last meeting.
Issue 2-4-1: 2 step and 4 step RACH for HO with PSCell
· Option 1a: 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: RAN4 shall define delay requirements for HO with PSCell for both 2-step and 4-step RA. Impact on delay requirements depends on timeline with respect to parallel processing of RA.
· Option 2: For requirement of HO with PSCell, RAN4 starts the discussion with 4 step RACH first and FFS on 2 step RACH.
· Option 3: Define the ending points as PCell PRACH and PSCell PRACH respectively by assuming 4-step RACH
According to our understanding, when PRACH preamble transmission is used as ending point for PCell handover and PSCell change or addition, there is little difference in timelines for 2-step and 4-step RACH, respectively and we think essentially the same requirement can cover both 2-step and 4-step RACH. Moreover, both handover delay requirements and PSCell addition delay requirements in TS 38.133 already support both 2-step and 4-step RACH. Hence, we see no reason to exclude requirements based on 2-step RACH. 
Even from workload point of view, we do not see that additional work would be needed by RAN4 for defining core requirements for both 2-step and 4-step RACH rather than just for 4-step RACH. We further think that as long as we do not say specifically the RACH type (2-step or 4-step RACH) in the specification, it is applicable for both the types.

Proposal 4: RAN4 to agree that the requirements defined for handover with PSCell will be applied both 2-step RA and 4-step RA. No need to mention it in the specification.

Requirements for HO with PSCell for NR-U
It was agreed in RAN4#100e that discussions on RRM requirements for Handover with PSCell when one carrier is subjected to CCA shall focus on the EN-DC to EN-DC scenario.
· E-UTRA PCell in licensed spectrum, NR PSCell in FR1 unlicensed spectrum (band n46)

Further in RAN4#101-e meeting some companies mentioned that HO with PSCell when PSCell is on NR-U can be postponed to Rel-18 or discussed after licensed carrier requirements are completed. We have different understanding. Our view is that most of the essential components of the delay requirements are agreed for licensed carrier and most of the principles for licensed carrier (for PSCell) and unlicensed carrier (PSCell) can be same. Assuming this, we have to discuss only cases where CCA have impact on the requirements. Hence, we think the requirements for this can be discussed in parallel with licensed carrier and be specified in Rel-17. 

Proposal 5: Requirements for HO with PSCell when PSCell is on NR-U shall be discussed in parallel with licensed carrier requirements and be specified in Rel-17.

In the GTW at RAN4#100e, it was pointed out that CCA would not only impact the RA procedure, but would also have an impact on e.g., the DL synchronization. We agree with that observation. Considering the PCell on licensed carrier and PSCell on unlicensed carrier, cell search, fine time tracking and acquiring full timing information of the target cell, and SSB processing margin (Tsearch + T∆ + Tmargin) can be performed in sequential operation. 

Proposal 6: Tsearch + T∆ + Tmargin for PCell HO and PSCell addition/change, when PSCell is on unlicensed carrier can be performed in sequence. 

Following the ending point of HO with PSCell agreement for licensed carriers in the last meeting, we think that also for EN-DC to EN-DC HO with PSCell with PSCell under CCA, the delay requirement shall be specified separately for PCell and PSCell and shall use PRACH preamble transmission in PCell and PSCell, respectively, as ending points. Concretely, CCA can then be covered by accounting for CCA in the PSCell change leg of the procedure.

Proposal 7: 	For EN-DC to EN-DC HO with PSCell with PSCell under CCA, the delay requirement shall be specified separately for PCell and PSCell and shall use ending points as PRACH preamble transmission in PCell and PSCell, respectively. 

Requirements for NR PSCell change when NR target cell is under CCA can use existing requirements for NR PSCell addition in TS 36.133 7.31A.2 (see below), with modification of Tprocessing such that when source and target NR PSCell’s are in same FR, Tprocessing = 20ms, and when they are in different FRs, Tprocessing = 40ms. Please note that Tprocessing is in line with the licensed carrier agreements made in last meeting and the agreement is copied below for reference.

Issue 2-2-3e: Tprocessing for PSCell addition/change
It is for common understanding of existing PSCell addition/change requirements. 
· 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 the same FR as PCell
· 40ms, when NR PSCell is in the different FR from PCell

Proposal 8:  For NR PSCell change with target NR PSCell under CCA (band n46), the NR PSCell addition requirement in TS 36.133 clause 7.31A.2 can be used as baseline, with the following modification:
· Tprocessing = 20ms when source and target cells are in same FR
· Tprocessing = 40ms when source and target cells are in different FRs

[bookmark: _Hlk68175827]As discussed in previous meetings, for band combinations comprising carriers with CCA we think random access on carrier with CCA shall be prioritized when CCA is successful, in case RACH occasions for PCell and PSCell would collide, and UE is not capable of transmitting PRACH preambles in both cells simultaneously. Concretely this can be covered in the delay requirement by either adding an additional uncertainty to the leg without CCA, or by redefining the interpretation of TIU for the leg without CCA.
Proposal 9:	When PSCC is under CCA, if UE is incapable of simultaneous PRACH preamble transmission in PCell and PSCell, and RACH occasions in PCell and PSCell collide, then UE shall prioritize PRACH preamble transmission on the carrier with CCA. An additional uncertainty term or redefinition of TIU is introduced for the leg without CCA.

Summary and Conclusion
In this contribution we have provided our views on open issues for Handover with PSCell. The following proposals are made:
Proposal 1:		UE shall be capable of software processing and RF warm-up in parallel for PCell and PSCell regardless whether other activities (e.g., cell detection) are carried out in parallel or in sequence.

Proposal 2: Tprocessing should be the maximum value between UE processing timing of PCell HO and UE processing timing of PSCell addition/change. Tprocessing for HO with PSCell = max (Tprocessing for PCell HO, Tprocessing for PSCell addition/change)

Proposal 3: RAN4 to agree that no additional interruption requirements on PCell should be defined during HO with PSCell due to sequential RF retuning of PSCell.

Proposal 4: RAN4 to agree that the requirements defined for handover with PSCell will be applied both 2-step RA and 4-step RA. No need to mention it in the specification.

Proposal 5: Requirements for HO with PSCell when PSCell is on NR-U shall be discussed in parallel with licensed carrier requirements and be specified in Rel-17.

Proposal 6: Tsearch + T∆ + Tmargin for PCell HO and PSCell addition/change, when PSCell is on unlicensed carrier can be performed in sequence. 

Proposal 7: 	For EN-DC to EN-DC HO with PSCell with PSCell under CCA, the delay requirement shall be specified separately for PCell and PSCell and shall use ending points as PRACH preamble transmission in PCell and PSCell, respectively. 

Proposal 8:  For NR PSCell change with target NR PSCell under CCA (band n46), the NR PSCell addition requirement in TS 36.133 clause 7.31A.2 can be used as baseline, with the following modification:
· Tprocessing = 20ms when source and target cells are in same FR
· Tprocessing = 40ms when source and target cells are in different FRs

Proposal 9:	When PSCC is under CCA, if UE is incapable of simultaneous PRACH preamble transmission in PCell and PSCell, and RACH occasions in PCell and PSCell collide, then UE shall prioritize PRACH preamble transmission on the carrier with CCA. An additional uncertainty term or redefinition of TIU is introduced for the leg without CCA.
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Annex
From TS 36.133, NR PSCell addition delay is copied below for reference.
7.31A.2 	NR PSCell Addition Delay Requirement
The requirements in this section shall apply for the UE which is configured with PCell, and may also be configured with one or more SCells.
Upon receiving NR PSCell addition in subframe n, the UE shall be capable to transmit PRACH preamble towards NR PSCell no later than in subframe n + Tconfig PSCell_withCCA:
Where:
Tconfig_PSCell_withCCA = TRRC_delay + Tprocessing + Tsearch_withCCA + T∆_withCCA + TPSCell_ DU_withCCA + 2 ms
TRRC_delay is the RRC procedure delay as specified in [2].
Tprocessing is the software processing time needed by UE, including RF warm up period. Tprocessing = 20 ms.
Tsearch_withCCA is the time for AGC settling and PSS/SSS detection.
· 	If the target cell is known, then Tsearch_withCCA = 0 ms. If the target cell is an unknown cell and the target cell Es/Iot ≥  -2 dB, then Tsearch_withCCA = (3 + L1)* Trs ms where L1 is the number of SMTC occasions not available at the UE for AGC settling and PSS/SSS detection.
T∆_withCCA is time for fine time tracking and acquiring full timing information of the target cell. T∆_withCCA = (1+ L2)*Trs ms for a known or for an unknown PSCell where L2 is the number of SMTC occasions not available at the UE for fine time tracking and acquiring full timing information.
TPSCell_ DU_withCCA is the delay uncertainty in acquiring the first available PRACH occasion in the target NR cell:
TPSCell_ DU_withCCA = (1+L3)TSSB,RO + 10 ms; where:
· 	L3 is the consecutive number of SSB to PRACH occasion association periods during which no PRACH occasion is available for PRACH transmission due to UL CCA failures. L3 = 0 for Type 2C UL channel access procedure as defined in TS 37.213 [33].  
· 	TSSB,RO is the SSB to PRACH occasion association period as defined in the table 8.1-1 of TS 38.213 [3].
· 	The value of L3 is limited by PREAMBLE_TRANSMISSION_COUNTER, which is increased when PRACH occasion is unavailable for PRACH transmission due to UL CCA failure as specified in TS 38.321 [7]. The UE behaviour when PREAMBLE_TRANSMISSION_COUNTER reaches the preambleTransMax is specified in TS 38.321 [7].
Trs is the SMTC periodicity of the target NR cell if the UE has been provided with an SMTC configuration for the target cell in PSCell addition message, otherwise Trs is the SMTC configured in the measObjectNR having the same SSB frequency and subcarrier spacing. If UE is not provided SMTC configuration or measurement object on this frequency: the requirement in this clause is applied with Trs =5 ms assuming the SSB transmission periodicity is 5ms, and there is no requirement if the SSB transmission periodicity is not 5 ms.
NOTE 1:	The PSCell addition delay including the potential extensions caused by L1, L2 and L3 is limited by the T304 timer [2].
The NR PSCell operating with CCA is known if it has been meeting the following conditions:
During the last 5 seconds before the reception of the NR PSCell configuration command:
· 	the UE has sent a valid measurement report for the NR PSCell being configured and
· 	One of the SSBs measured from the NR PSCell being configured remains detectable according to the cell identification conditions in the SMTC occasions available at the UE, as specified in section 9.3A of TS 38.133 [50],
-	One of the SSBs measured from NR PSCell being configured also remains detectable during the NR PSCell configuration delay according to the cell identification conditions in the SMTC occasions available at the UE, as specified in section 9.3A of TS 38.133 [50].
otherwise it is unknown. The PCell interruption specified in section 7.32 is allowed only during the RRC reconfiguration procedure [2].
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