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1. Introduction
RAN plenary has agreed Rel-18 WI for Even Further RRM requirement for NR and MR-DC [1], to define RRM requirements for FR1+FR1 NR-DC scenarios is one of the objectives in this WI. The discussion started in RAN4#104e. Till RAN4#108 meeting, most of the impacted RRM requirements for FR1+FR1 NR-DC scenarios have conclusion and big CR is endorsed in RAN4#107 meeting [7]. 
In RAN4#109 the BigCr was endorsed and agreed afterwards. Additionally, it was agreed that the core part of WI could be closed. However, it was also agreed that there are still a few open issues in SCG activation requirements. These open issues are related to similar ongoing discussion in Rel-17 and is also discussed in Rel-17 (agreed WF in Rel-17 [5]).
In RAN4#110 (Athens) and RAN4#119bis (Changsha) agreements were reached on some of the aspect of known and unknown PSCell under discussion in Rel-17 in [15, 16] and the related CR for mirroring the agreement to this WI [17] was endorsed [18].
However, there are still a few remaining open issues in SCG activation requirements for FR1+FR1 NR-DC scenarios. 
2. Discussion on SCG Activation/deactivation delay
2.1	Introduction
For the discussion related to SCG activation and deactivation 2 main issues have been discussed in RAN4:
1) Tsearch in RACH-less based PSCell activation delay.
2) Tsearch in RACH-based PSCell activation delay.
We will now look at the Tsearch part of the PSCell activation delay and discuss:
· Tsearch delay for a UE being configured with RLM-and-bfd=true.

2.2 Tsearch for RACH-less and RACH-based PSCell activation
When the UE is configured ‘bdf-and-RLM’ with value ‘true’ for the deactivated PSCell, the UE shall perform BFD (according to section 8.5) and RLM (according to section 8.1) on the deactivated PSCell. 
Observation 1: [bookmark: _Hlk142559687]When ‘bdf-and-RLM’ with value ‘true’ is configured for the deactivated PSCell the UE shall perform BFD and RLM on the deactivated PSCell.
For the UE to perform these measurements and evaluate RLM and BFD, the UE is required to measure the associated RSs according to the requirements defined in sections 8.1 and 8.5. The measurements and evaluation are performed in a regular manner as defined in those sections.
The procedure for performing BFD and RLM on the deactivated PSCell and on the PCell or activated PSCell in DRX is the same. Hence, just like when the PSCell is in activated state, the UE shall measure the deactivated PSCell regularly to evaluate the downlink radio link quality for the cell (RLF) and beam (BFD). 
Observation 2: Evaluation of RLM and BFD on a deactivated PSCell requires the UE to measure the deactivated PSCell regularly to evaluate the downlink radio link quality.
Basic principle is illustrated in the following figure.
[image: ]
While the PSCell is deactivated and UE monitors bfd-and-RLM on the deactivated PSCell, following may occur:
1) No BF occur and no RLF occur.
2) BF occur but no RLF occur.
3) Both BF and RLF occurs.
When the UE is required to perform bfd-and-RLM and has not experienced either beam failure or RLF on the deactivated PSCell, the UE has not experienced link quality problems severe enough to declare radio link or beam failure. 
When the UE has not experienced link quality problems severe enough to declare radio link or beam failure, the link is considered good enough for continuing the operation in the PSCell when the PSCell is activated. Therefore, the same can be expected for the deactivated PSCell when it is being activated:
If the UE is required to perform bfd-and-RLM and has not experienced either beam failure or RLF on the deactivated PSCell prior to activation, there is no need for cell detection, measurements, or beam recovery time upon PSCell activation. 
Observation 3: If no link problems have been detected, the link is currently regarded good enough for continuing the operation in a cell.
Observation 4: When UE is configured with bfd-and-RLM on the deactivated PSCell, and the UE no link problems (beam failure or RLF) have been detected on the deactivated PSCell, link is regarded good enough for continuing operation.
Observation 5: When UE is configured with bfd-and-RLM = true and UE has not detected link problems, there is no need for additional measurements at PSCell activation.
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Figure 1 Illustration of deactivated SCG (FR2) with UE configured with RLM-and-bfd with value True.
If we consider an illustrative example as in figure 1, where we initially consider the FR2 scenario but the same applies to FR1. If the gNB1 is the deactivated PSCell with RLM-and-bfd = true configured, the UE is required to measure and evaluate RLM and BFD according to the defined requirements for a deactivated PSCell (defined in Tables 8.1.2.2-5 and 8.5.2.2-5).
If neither RLM nor BFD has been detected while PSCell was deactivated, for example because the UE has not moved, the need for additional measurements at PSCell activation will be greatly reduced if needed at all.
If the UE has experienced link quality problems leading to a failure (either beam failure or RLF) on the PSCell while PSCell was in deactivated state, for example due to changed conditions, some additional search time would be needed when PSCell is activated. 
In general, a UE which has not detected neither BFD nor RLF on the deactivated PSCell while deactivated, need no additional search time at PSCell activation (Tsearch = 0ms).
[bookmark: _Hlk135069903]A UE which has detected either BFD or RLF on the deactivated PSCell is allowed search time at PSCell activation (Tsearch = [TBD]ms).

RACH-based PSCell activation delay:
We have two aspects to address regarding RACH based PSCell activation.
Firstly, for the RACH based PSCell activation delay, Tsearch depends on ‘target cell’ being known:
For RACH based PSCell activation, if theFR2 PSCell is known, Tsearch = 0 ms. If the FR2 PSCell is unknown and Es/Iot ≥ -2 dB, then Tsearch = 24* Trs ms. If the target cell is an unknown FR1 PSCell and Es/Iot ≥ -2 dB, then Tsearch = 3* Trs ms.
If ‘bdf-and-RLM’ with value ‘true’ is configured and neither RLM nor BFD has occurred, Tsearch does not need to be 24* Trs (FR2) or 3*Trs (FR1) just because a certain time since an L3 measurement report has elapsed: ‘UE has sent a valid measurement report for the PSCell being activated’. 
For RACH based PSCell activation, for an unknown PSCell with ‘bdf-and-RLM’ with value ‘true’, RAN4 need to reconsider Tsearch = 24/3* Trs ms, accounting for the RLM or BFD status upon activation.

RACH-less based PSCell activation delay:
For the RACH-less based PSCell activation we have one aspect to address.
Currently, for the RACH-less based PSCell activation delay, Tsearch depends on TCI state being known. 
For the RACH-less based PSCell activation delay, RAN4 has introduced the condition stating ‘There are no requirements if PSCell is unknown’ which is very unclear regarding what would be the expected UE behavior. One way to read this is that if more than 5 seconds has elapsed since last L3 measurement report including the PSCell, UE will not activate the PSCell. Hence, we see that the current RAN4 requirements are potentially breaking the RAN2 procedures as discussed in section 2.1.
For RACH-less based PSCell activation, the UE behavior when the PSCell is unknown would need to be clarified.

In the following sections we look more at the concrete proposals related to the open aspects for RACH based and RACH-less based PSCell activation.

2.2.1 Tsearch in RACH-less based PSCell activation delay
The agreed specification in CR [17] agreed in last meeting it states:
· For RACH based PSCell activation, if theFR2 PSCell is known, Tsearch = 0 ms. If the FR2 PSCell is unknown and Es/Iot ≥ -2 dB, then Tsearch = 24* Trs ms. If the target cell is an unknown FR1 PSCell and Es/Iot ≥ -2 dB, then Tsearch = 3* Trs ms.	

· For RACH-less based PSCell activation, if bfd-and-RLM is configured and TCI state is known, Tsearch = 0 ms. There are no requirements if TCI state is unknown.
Based on the discussion in section 2.2 above, we propose to clarify the UE behaviour if RACH-less PSCell activation is requested if TCI state is not known. However, such clarification would likely need to involve RAN2 who is responsible for defining the procedure.
Ask RAN2 the UE behaviour if RACH-less is triggered while UE has experienced beam failure or RLF. 

2.2.2 Tsearch in RACH-based PSCell activation delay
The agreed specification in CR [16] agreed in last meeting it states:
· For RACH based PSCell activation, if the FR1 or FR2 PSCell is known, Tsearch = 0 ms. If the FR2 PSCell is unknown and Es/Iot ≥ -2 dB, then Tsearch = 24* Trs ms. If the target cell is an unknown FR1 PSCell and Es/Iot ≥ -2 dB, then Tsearch =3* Trs ms.	

· For RACH-less based PSCell activation, if bfd-and-RLM is configured and TCI state is known, Tsearch = 0 ms. There are no requirements if TCI state is unknown.
Based on the discussion in section 2.2 above, we propose that for the UE which is configured with bfd-and-RLM =TRUE for the deactivated and has not experienced either beam failure or RLF on the deactivated PSCell while being deactivated, Tsearch can be reduced.
Reasoning is similar to RACH-less based PSCell activation. If the UE is configured with bfd-and-RLM and no RLF has been detected it means that the deactivated PSCell is available, has been measured recently (according to the measurement requirements for a deactivated PSCell) and is evaluated having a good enough link quality. Hence, for this scenario, there seems reasonable to discuss reduced Tsearch at PSCell activation.
For RACH based PSCell activation for unknown PSCell, discuss conditions for reduced Tsearch at PSCell activation, when the UE is configured with bfd-and-RLM.
We suggest that for the RACH-based PSCell activation, the condition when Tsearch can be reduced from 24*Trs or 3*Trs for an unknown PSCell, is when no RLM has occurred. 
For example:
· For RACH based PSCell activation, if the FR1 or FR2 PSCell is known, Tsearch = 0 ms. If the PSCell is an unknown FR1 or FR2 PSCell configured with bfd-and-RLM with value true, provided no RLM has occurred, if Es/Iot ≥ -2 dB then for FR2 Tsearch = [12]* Trs ms and Tsearch = [1]* Trs ms for FR1. Otherwise, if the FR2 PSCell is unknown and Es/Iot ≥ -2 dB, then Tsearch = 24* Trs ms, and if the target cell is an unknown FR1 PSCell and Es/Iot ≥ -2 dB, then Tsearch =3* Trs ms.	
[bookmark: _Hlk163417743]For RACH based PSCell activation, if the FR1 or FR2 PSCell is known, Tsearch = 0 ms. If the PSCell is an unknown FR1 or FR2 PSCell configured with bfd-and-RLM with value true, provided no RLM has occurred, if Es/Iot ≥ -2 dB then for FR2 Tsearch = [12]* Trs ms and Tsearch = [1]* Trs ms for FR1. Otherwise, if the FR2 PSCell is unknown and Es/Iot ≥ -2 dB, then Tsearch = 24* Trs ms, and if the target cell is an unknown FR1 PSCell and Es/Iot ≥ -2 dB, then Tsearch =3* Trs ms.

2.3 PSCell activation delay and PSCell DRX
Finally, we would like to clarify the UE behavior at PSCell activation regarding monitoring for DL scheduling.
RAN4 has introduced PSCell activation delay requirements. One set of requirements are related to RACH-less based delay requirements and another set is for RACH-based requirements. RAN4 has currently defined following:
TIU: When RACH based PSCell activation is configured, it is the delay uncertainty in acquiring the first available PRACH occasion in the PSCell. TIU 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].
When RACH-less based PSCell activation is configured, it is the uncertainty in acquiring the first PUSCH transmission occasion [or SR on PUCCH]. 
However, it is not clear from network perspective when the UE is required to be monitoring DL on the activated PSCell for possible scheduling.
For example, in RACH-less based access, the network would have to know when it is possible to initiate UE scheduling e.g. for allocating the PUSCH. However, as the PSCell have own DRX cycle this becomes ambiguous. The PSCell activation delay may end during a PSCell on-duration or not. If the delay ends during an on-duration the UE behavior is clear. However, if this is not the case the UE behavior is not clear.
Observation 6: [bookmark: _Hlk163394270]UE PDCCH monitoring requirements in the newly activated PSCell is ambiguous. 
One purpose of activating the PSCell is due to immediate need for the PSCell resources. Therefore, it essential for the network to know when UE can be scheduled. It seems reasonable to assume that the UE will start monitoring the PDCCH for scheduling on the activated PSCell immediately after being activated.
UE shall start monitoring PDCCH on the activated PSCell immediately after the SCG activation delay.
For the RAN4 requirements this would mean:
TIU: When RACH based PSCell activation is configured, it is the delay uncertainty in acquiring the first available PRACH occasion in the PSCell. TIU 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].
When RACH-less based PSCell activation is configured, it is the uncertainty in acquiring the first PUSCH transmission occasion [or SR on PUCCH]. The UE shall apply no DRX immediately after Tactivation_time.
We have earlier suggested sending LS to RAN2 clarifying this with RAN2. We think this is still needed and have provided a draft LS in Appendix.
Send LS to RAN2 clarifying PDCCH monitoring assumption with RAN2.

3 Conclusion
In this paper we address the remaining open issues related to SCG activation/deactivation delay in FR1+FR1 NR-DC. Based on the discussion in this and former meetings we propose:
Tsearch for RACH-less and RACH-based PSCell activation:
Observation 1: When ‘bdf-and-RLM’ with value ‘true’ is configured for the deactivated PSCell the UE shall perform BFD and RLM on the deactivated PSCell.
Observation 2: Evaluation of RLM and BFD on a deactivated PSCell requires the UE to measure the deactivated PSCell regularly to evaluate the downlink radio link quality.
Observation 3: If no link problems have been detected, the link is currently regarded good enough for continuing the operation in a cell.
Observation 4: When UE is configured with bfd-and-RLM on the deactivated PSCell, and the UE no link problems (beam failure or RLF) have been detected on the deactivated PSCell, link is regarded good enough for continuing operation.
Observation 5: When UE is configured with bfd-and-RLM = true and UE has not detected link problems, there is no need for additional measurements at PSCell activation.
1. In general, a UE which has not detected neither BFD nor RLF on the deactivated PSCell while deactivated, need no additional search time at PSCell activation (Tsearch = 0ms).
A UE which has detected either BFD or RLF on the deactivated PSCell is allowed search time at PSCell activation (Tsearch = [TBD]ms).

RACH-based PSCell activation delay:
For RACH based PSCell activation, for an unknown PSCell with ‘bdf-and-RLM’ with value ‘true’, RAN4 need to reconsider Tsearch = 24/3* Trs ms, accounting for the RLM or BFD status upon activation.

RACH-less based PSCell activation delay:
For RACH-less based PSCell activation, the UE behavior when the PSCell is unknown would need to be clarified.

Tsearch in RACH-less based PSCell activation delay:
Ask RAN2 the UE behaviour if RACH-less is triggered while UE has experienced beam failure or RLF. 

Tsearch in RACH-based PSCell activation delay:
For RACH based PSCell activation for unknown PSCell, discuss conditions for reduced Tsearch at PSCell activation, when the UE is configured with bfd-and-RLM.
For RACH based PSCell activation, if the FR1 or FR2 PSCell is known, Tsearch = 0 ms. If the PSCell is an unknown FR1 or FR2 PSCell configured with bfd-and-RLM with value true, provided no RLM has occurred, if Es/Iot ≥ -2 dB then for FR2 Tsearch = [12]* Trs ms and Tsearch = [1]* Trs ms for FR1. Otherwise, if the FR2 PSCell is unknown and Es/Iot ≥ -2 dB, then Tsearch = 24* Trs ms, and if the target cell is an unknown FR1 PSCell and Es/Iot ≥ -2 dB, then Tsearch =3* Trs ms.

PSCell activation delay and PSCell DRX:
Observation 6: UE PDCCH monitoring requirement in the newly activated PSCell is ambiguous. 
UE shall start monitoring PDCCH on the activated PSCell immediately after the SCG activation delay.
Send LS to RAN2 clarifying PDCCH monitoring assumption with RAN2.

We have captured the proposed changes in our DraftCR [19] and provided draft LS in Appendix.
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1	Overall description
RAN4 is introducing PSCell activation delay requirements. One set of requirements are related to RACH-less based delay requirements and another set is for RACH-based requirements. However, at PSCell activation it is not clear from network perspective when the network can expect the UE monitoring the DL for possible scheduling.
Currently it is unclear whether the UE will follow the DRX monitoring rules immediately after PSCell activation or whether the network can schedule the UE immediately after the PSCell activation.
RAN4 would like to ask RAN2 how the UE will apply the PSCell DRX monitoring rules after PSCell activation?
2	Actions
To RAN2 
ACTION: 	RAN4 would like to ask RAN2 how the UE will apply the PSCell DRX monitoring rules after PSCell activation?

3	Dates of next TSG RAN WG 4 meetings
[bookmark: OLE_LINK53][bookmark: OLE_LINK54]TSG-RAN4 Meeting #112	19 Aug – 23 Aug, 2024		Maastricht, Netherlands
[bookmark: OLE_LINK55][bookmark: OLE_LINK56]TSG-RAN4 Meeting #112bis	14 Oct – 18 Oct, 2024		TBC, China

image1.emf
PC

PSC

Measurement

configuration

L3 Measurement

Report

L3 measurements

(inter-frequency)

PSCellconfiguration

(deactivated)

Report 

event is 

triggered

L3 measurements

(intra-frequency,

deactivated PSCell)

PSCellactivation

(activated)

PSCellactivated (RAN2)

PSCellactivated (RAN4)

PSCell 

activation 

delay

L3 measurements

(intra-frequency,

activated PSCell)

data transmission

including TA 

acquisition

PSCelldeactivation

(deactivated,

RLM-and-bfd=true)

PSCell 

deactivation 

delay

L3 measurements

(intra-frequency,

deactivated PSCell),

RLM and BFD related

measurements

PSCellactivation

(activated)

While performing measurements for 

RLM and BFD on the deactivated 

PSCell following may occur:

1) No BF occur

2) BF occured but no RLF

3) RLF occured


image2.png
scell1 '





