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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 following 4 RAN4 meetings. In this paper we continue the discussion on handover with PSCell requirements, related to timeline, delay requirements, interruption requirements and other open issues.
Discussion
[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. 
Timeline for HO with PSCell
In last RAN4 meeting, timeline for HO with PSCell had been discussed and below agreement were captured in the agreed WF [3]:
	Issue 2-2-1b: Whether requirements for sequential processing are needed if parallel processing is only possible under certain condition
· RRM requirements for HO with PSCell are defined for both parallel processing cases and sequential processing cases when applicable, irrelevant of deployment scenarios.

Issue 2-2-2b-1: Timeline for parallel processing delay requirements without considering Tprocessing and RA procedures
· For parallel processing cases, PCell HO and PSCell addition are performed in parallel independently

[bookmark: _Hlk87552555]Issue 2-2-2b-2: Timeline for sequential processing delay requirements without considering Tprocessing and RA procedures
· Sequential processing is used for
· Cell search
· SSB processing margin (i.e. 2ms)
· Fine time/frequency tracking and acquiring timing information for PCell
 
Issue 2-2-5: Ending point of the delay requirement for HO with PSCell
· Defining delay requirements for HO and PSCell addition/change separately with the ending points defined as PCell PRACH and PSCell PRACH respectively.
Issue 2-2-2a: How the requirements for parallel processing and sequential processing are defined without considering Tprocessing and RA procedures
· Different requirements for parallel processing cases and sequential processing cases 

[bookmark: _Hlk87551835]Issue 2-2-2c: SMTC for target NR PSCell
· In HO with PSCell for NR-DC to NR-DC, if SMTC of target unknown PSCell is not configured in either targetcellSMTC-SCG-r16 or reconfigurationWithSync, 
· If either source PCell or source PSCell has configured the UE with an MO which have the same SSB frequency and SCS as target PSCell, UE uses the SMTC in the configured MO, or
· If both source PCell and source PSCell have configured the UE with MOs which have the same SSB frequency and SCS as target PSCell, it is FFS which SMTC in which configured MO the UE uses, or
· If neither source PCell nor source PSCell has configured the UE with MO which have the same SSB frequency and SCS as target PSCell, UE assumes 5ms as SSB periodicity for target PSCell.
· In HO with PSCell for NR SA to EN-DC, if SMTC of target unknown PSCell is not configured, 
· FFS. 
· In HO with PSCell for EN-DC to EN-DC, if SMTC of target unknown PSCell is not configured, 
· If either source LTE PCell or source NR PSCell has configured the UE with an MO which have the same SSB frequency and SCS as target PSCell, UE uses the SMTC in the configured MO, or
· If both source LTE PCell and source NR PSCell have configured the UE with MOs which have the same SSB frequency and SCS as target PSCell, it is FFS which SMTC in which configured MO the UE uses , or
· If neither source LTE PCell nor source NR PSCell has configured the UE with MO which have the same SSB frequency and SCS as target PSCell, UE assumes 5ms as SSB periodicity for target PSCell.

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


	
Issue 2-2-2c-1: If both source PCell and source PSCell configured MOs which have the same SSB frequency and SCS as target PSCell, UE use the SMTC in the MO 
· Proposals
· Option 1 (Apple, Huawei, Xiaomi, Intel, CMCC, vivo, Ericsson)
· Configured by PCell
· Option 2 (Apple, Huawei, Xiaomi, Intel, CMCC, vivo, Ericsson)
· Up to UE implementation
· Option 3 (Nokia)
· Shortest SMTC in the configured MOs

Issue 2-2-3a: Timeline of Tprocessing (UE SW processing and RF warm-up(if needed) time) for HO with PSCell
· Proposals
· 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.

Issue 2-2-3b: If UE SW processing and RF warm-up for PCell HO and PSCell addition/change are performed in parallel
· Proposals
· Option 1: (CATT, Apple, Huawei, OPPO, Xiaomi, Ericsson)
· Tprocessing for HO with PSCell = max(Tprocessing for PCell HO, Tprocessing for PSCell addition/change)
· Option 1a: (Huawei, MTK, vivo)
· Tprocessing for HO with PSCell = max(Tprocessing for PCell HO, Tprocessing for PSCell addition/change) + [X] ms.
· X=FFS and can be different for different HO with PSCell scenarios.
· Option 2a: (Ericsson, Intel)
· Tprocessing applies independently for PCell and PSCell, and follows legacy (20ms or 40ms depending on whether target is same or different FR). 
· Tprocessing = 20ms for NR target with NR source cell in same FR (without FR mode switch)
· Tprocessing = 40ms for NR target with NR source cell in different FR (FR mode switch)
· Tprocessing = 40ms for NR target without NR source cell (inter-RAT HO, or PSCell addition)
· Tprocessing = 20ms for E-UTRA target with E-UTRA source cell
· Tprocessing = 40ms for E-UTRA target without E-UTRA source cell (inter-RAT HO, or PSCell addition)
· Option 2b: (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 3: (MTK, Huawei)
· Tprocessing for HO with PSCell = max(Tprocessing for PCell HO, Tprocessing for PSCell addition/change) + 10ms
· Option 4: (Qualcomm)
· Tprocessing = 30ms for NR-SA to EN-DC
· Due to UE mobility processing on dual cell groups, even for parallel processing based latency requirements, the total latency should be relaxed based on the following principle:
· [X]ms of additional margin should be provided compared to max(latency for PCell handover without PSCell change, latency for PSCell change without PCell handover)
· FFS on [X], e.g. 5.

Issue 2-2-8a: How the HO with PSCell delay requirements are specified
· Proposals
· Option 1: (Intel)
· Define the requirement based on PCell HO and PSCell addition respectively.
· For PCell HO, there is one delay requirement. For PSCell addition, there are two requirements for parallel cases and sequential cases respectively.




As agreed in last meeting, the timeline for HO with PSCell is that procedures of PCell handover and PSCell addition are performed in parallel as a baseline, sequential processing will be defined for specific cases.
NR-DC to NR-DC:
For NR-DC to NR-DC, the specific case that HO with PSCell would be performed as sequential processing is agreed in RAN4#100e meeting: 
· Case 1: specific case in the scenario of from NR-DC to NR-DC when SMTC of target unknown PSCell is configured in targetcellSMTC-SCG-r16 but not configured in reconfigurationWithSync 
As we discussed in RAN4#101e, we have agreed the sequential processing will be cell search, SSB processing margin, and fine timing/frequency tracking and acquiring timing information for PCell. 
In this WI, we will only focus on FR1+FR2 NR-DC, it means that we would only have FR1-FR1 HO and FR2-FR2 PSCell change / addition in HO with PSCell procedure.
In NR-DC, the PSCell addition requirements, the target PSCell search and timing sync delay are defined as below:
· 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.
In NR-DC, legacy FR1-FR1 HO will be applied for PCell HO, the target PCell search and timing sync delay are defined as below:
· 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. 
· TΔ is time for fine time tracking and acquiring full timing information of the target cell. TΔ = Trs.
From the current legacy requirements, in NR-DC to NR-DC, the target PCell search delay + SSB processing margin + timing sync delay will be up to (4*Trs + 2)ms, the cell search delay and timing sync delay for unknown target PSCell will be up to 25*Trs ms.
If SMTC of the target unknown PSCell is configured in targetcellSMTC-SCG-r16 but not configured in reconfigurationWithSync, UE applies the configuration based on the timing reference of NR PCell for the target unknown PSCell. When UE has obtained the timing information of target PCell, this timing information can be applied to target PSCell directly, then the target PSCell could be a known cell and the PSCell addition delay for known target PSCell can be applied. Then HO with PSCell requirements with parallel processing should fulfill the delay for this specific case.
In HO with PSCell for NR-DC to NR-DC, parallel processing delay requirements which will reuse legacy HO and PSCell addition will fulfill the delay in this specific case when SMTC of target unknown PSCell is configured in targetcellSMTC-SCG-r16 but not configured in reconfigurationWithSync.
NR SA to EN-DC:
For NR SA to EN-DC, the specific case is still under discussion and an LS [4] sent to RAN2 to clarify the condition on configuration of HO with PSCell for NR SA to EN-DC scenario. It could be come back after receiving RAN2’s response.
Delay requirements for HO with PSCell
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 on timeline and ending point that agreed in last meeting, 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 and adding additional requirements for the specific cases of sequential processing.
[bookmark: _Hlk92719361]HO with PSCell RRM requirements can refer to existing handover requirements and PSCell addition/change requirements directly. 
According to the observation we analyzed for the sequential processing for NR-DC to NR-DC above, we propose: 
Define the delay requirements for HO with PSCell for NR-DC to NR-DC as reusing current HO and PSCell addition/change requirements directly for both parallel processing and sequential processing. 
This proposal is captured in draftCR on HO with PSCell for NR-DC to NR-DC [6].

Interruption requirements for HO with PSCell
In last RAN4 meeting, interruption requirements were discussed, we agreed that the interruption in legacy handover delay requirements can be applied for PCell and no interruption is defined for PSCell addition/change, for parallel processing cases, no additional interruption requirements on PCell due to PSCell RF retuning should be defined, however for the case when sequential processing is used, companies have different views.  The agreements and open issues were captured in the agreed WF [3] as below: 
	Issue 2-3-2a: Interruption requirements, similar as Tinterrupt for in legacy handover requirements, for HO with PSCell
· Interruption in legacy handover delay requirement can be applied for PCell. No interruption is defined for PSCell addition/change.

Issue 2-3-2b: Interruption requirements on PCell due to PSCell RF retuning
· For parallel processing cases, no additional interruption requirements should be defined during HO with PSCell
· FFS cases when sequential processing is used for HO with PSCell



The remaining open issue for interruption requirements is the interruption requirements on PCell due to PSCell RF returning when sequential processing is used. In last RAN4 meeting, we agreed that the sequential processing is used for Cell search, SSB processing margin and Fine time/frequency tracking and acquiring timing information for PCell. From our view, any RF retuning for PCell and PSCell are done simultaneously, hence no additional interruption should be allowed during HO with PSCell, current interruption requirements in legacy HO and PSCell addition are applied.
No additional interruption should be defined during HO with PSCell due to PSCell RF retuning.

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 [2] as below:
	Issue 2-4-1: 2 step and 4 step RACH for HO with PSCell
· Proposals
· Option 1b (CATT, vivo, Nokia, Ericsson, Intel, ZTE): 
· 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.
· Option 1c (Apple, Xiaomi, Intel, Nokia, vivo, ZTE, MTK): 
· No need to mention 2-step RA or 4-step RA in the requirement of HO with PSCell.
· Option 2 (Apple, Qualcomm, OPPO, MTK): 
· For requirement of HO with PSCell, RAN4 starts the discussion with 4 step RACH first and FFS on 2 step RACH.



RAN4 has defined the applicability of 2-step RACH and 4-step RACH in RRM requirements in section 3.6.8 in 38.133, 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. 
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.
	Issue 2-4-2: RACH occasion collision between Pcell and PSCell
· Proposals
· Option 1 (Apple, Huawei, MTK, Ericsson): 
· 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 target PCell and target PSCell are on the different FRs for EN-DC or NR-DC, no need to consider RO collision issue.
· Option 3 (CATT, ZTE, Huawei, Qualcomm, vivo, Nokia): 
· The requirement for handover with PSCell will be defined for no collision of PSCell PRACH with PCell PRACH, and adding clarification that additional uncertainty delay can be expected for this case.




When looking at the criteria in TS38.213 section 7.6.1 and 7.6.1a are for EN-DC and NE-DC power sharing respectively, the situation of the RACH occasion collision is derived from specific features. This looks like the network imposes delay (for certain UE types) and not related to additional uncertainty due to UE implementation, and network side could control this situation in configuration, this case will be happened in very low possibility.  The requirements for HO with PSCell could be defined for no collision of PSCell PRACH with PCell PRACH, and we can add clarification that additional uncertainty delay can be expected for this specific case. 
For EN-DC and NR-DC, the requirement for handover with PSCell will be defined for no collision of PSCell PRACH with PCell PRACH, and adding clarification that additional uncertainty delay can be expected for the case of RACH occasion collision between Pcell and PSCell.
CSI-RS based CFRA
	Issue 2-4-4: CSI-RS based CFRA
· Proposals
· Option 1 (Apple): 
· If CSI-RS based CFRA is used for RACH on PSCell, the additional CSI-RS measurement and the CSI-RS to RO association period shall be considered. 
· Option 1a (Apple): 
· Not define detailed requirement for HO with PSCell when CSI-RS based CFRA is used, but only clarify in spec that longer delay would be expected for HO with PSCell when CSI-RS based CFRA is used.
· Option 2 (vivo, Qualcomm, Xiaomi): 
· CSI-RS based CFRA is deprioritized in the discussion of HO with PSCell in R17 WI.
· Option 3 (Nokia, Qualcomm, Xiaomi, vivo): 
· Follow the same assumption as legacy HO requirements and do not need to discuss CSI-RS based CFRA
· Option 4 (CATT, Qualcomm, Xiaomi, Nokia, MTK, vivo): 
· Do not consider CSI-RS based CFRA for handover with PSCell in this WI.



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. In current RRM requirements, SSB based CFRA is used in legacy HO requirements and PSCell addition requirements, no CSI-RS based CFRA is discussed in RRM requirements. We would focus on defining the requirements for HO with PSCell based on legacy HO requirements and PSCell change/addition requirements as described in the WI, and do not discuss CSI-RS based CFRA.
Follow the same assumption as legacy HO requirements and do not need to discuss CSI-RS based CFRA in this WI.
DraftCR on HO with PSCell for NR-DC to NR-DC is provided in [5].
Conclusion 
In this paper we discussed the RRM requirements for handover with PSCell and have following Observations and proposals: 
1. In HO with PSCell for NR-DC to NR-DC, parallel processing delay requirements which will reuse legacy HO and PSCell addition will fulfill the delay in this specific case when SMTC of target unknown PSCell is configured in targetcellSMTC-SCG-r16 but not configured in reconfigurationWithSync.
1. HO with PSCell RRM requirements can refer to existing handover requirements and PSCell addition requirements directly. 
Define the delay requirements for HO with PSCell for NR-DC to NR-DC as reusing current HO and PSCell addition/change requirements directly for both parallel processing and sequential processing. 
No additional interruption should be defined during HO with PSCell due to PSCell RF retuning.
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.
For EN-DC and NR-DC, the requirement for handover with PSCell will be defined for no collision of PSCell PRACH with PCell PRACH, and adding clarification that additional uncertainty delay can be expected for the case of RACH occasion collision between PCell and PSCell.
Follow the same assumption as legacy HO requirements and do not need to discuss CSI-RS based CFRA in this WI.
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