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During RAN#88e, a revised WI on enhancements to MR-DC related scenarios are approved with the following objectives [1]. For this WI, RAN1’s work is to specify efficient activation/de-activation mechanism for SCells based on RAN1 leading mechanism. 
	The objective of this work item is to specify enhancements to MR-DC related scenarios. At least the following topics should be considered in the work:
1. Support efficient activation/de-activation mechanism for one SCG and SCells 
· Support for one SCG applies to (NG)EN-DC, and NR-DC [RAN2, RAN3, RAN4]
· Support for SCells applies to NR CA, based on RAN1 leading mechanisms [RAN1, RAN2, RAN4]
· This objective applies to FR1 and FR2
2. Support of conditional PSCell change/addition [RAN2,RAN3, RAN4]
· support scenarios which are not addressed in Rel-16 NR mobility WI


Efficient activation/de-activation mechanism for SCells has been discussed in Rel-16, and two candidate solutions have been figured out, i.e., (1) dormant BWP and (2) temporary RS. For these two candidate solutions, only dormant BWP is finally finalized in Rel-16 due to the limited time budget.
In this contribution, we provide the related Rel-16 discussion outcome on temporary RS and provide our further analysis on Rel-17 efficient activation/de-activation mechanism for SCells.
Discussion
Rel-16 discussion outcome
In this section, we summarize the discussion outcome of temporary RS solution discussed under Rel-16 MRDC/CA WI.
In RAN1#96 meeting, companies’ input on fast SCell activation were summarized in [2] without any discussion outcome. In RAN1#96bis meeting, companies believed that it would be better to seek information from RAN4 and sent an LS to RAN4 with the following two questions [3].
	1. RAN1 is interested to know if considerable reduction in maximum allowed activation delay requirements (specified in subclause 8.3.2 of 38.133) is possible within Rel16 timeframe if additional reference signals (e.g. aperiodic TRS, short-interval CSI-RS configuration) are provided to the UE immediately following the SCell activation command. 

2. According to RAN4 specifications, the maximum allowed activation delay for CA is much larger than BWP switching delays provided in [R1-1803602]. RAN1 would be interested to know the RAN4 considerations that lead to the different requirements for BWP and CA cases. For example, for intra-band CA are there any conditions where maximum allowed SCell activation delay can be comparable with BWP switching times?


In RAN1#98 meeting, RAN1 reached the following conclusion for the legacy MAC-CE based SCell activation/deactivation procedure.
	Conclusion:
Study further the following two options and aim to conclude in RAN1#98bis:
· Option 1:
· NW can send activation command MAC CE and also independently use existing signalling to trigger aperiodic/semi-persistent CSI-RS when sending the activation command  
· Request RAN4 to consider specifying additional (tighter) maximum allowed activation delay requirements for following case
· UE receives activation command MAC CE for Scell activation and also aperiodic/semi-persistent CSI-RS for the Scell ’at the same time’ as the activation command 
· FFS: ’at the same time’, i.e., exact timing between activation command and RS trigger
· FFS: if separate requirement based on specific RS configuration
· Option 2 - Support enhancement for triggering a specific CSI measurement/reporting configuration during MAC-CE based Scell activation
· CSI measurement/reporting is based on Rel-15/16 RS(s)
· FFS RS will be A-TRS, SP CSI-RS, aperiodic CSI-RS, SP TRS, etc.
· FFS between following candidates for enhanced triggering
· Implicit (i.e., Scell activation command reception implies specific RS is triggered like in LTE)
· Separate MAC CE linked to activation MAC CE
· Enhanced activation command MAC CE
· Other candidates not precluded
Note: companies (especially those interested in option 2) should bring ‘full proposals’ covering all design aspects for the next meeting.


Also in RAN1#98 meeting, a RAN1 LS [4] is approved to reply to RAN2 LS [5] regarding the following questions.
	Q 2:  which part of latency can be reduced via the ‘dormancy’ behaviour and by how much?
[RAN1 Answer] RAN1 is still discussing the details of the ‘dormancy’ behaviour. If the SCell is already activated, the latency of a UE from ‘dormancy’ behaviour to normal data transfer can be smaller compared to transition from SCell deactivated to activated state. It is expected that ‘dormancy’ behaviour can reduce at least the same parts of latency as can be reduced with a dormant cell in LTE and further reduce other parts of latency that occur only for NR. There may or may not be additional latency introduced, e.g. for BWP switching. In addition, ‘dormancy’ behaviour reduces the need for deactivated to activated state transitions of SCells and therefore reduces the number of occasions where the long SCell activation latency requirements are applied.

Q 3: if the latency can be reduced, is it feasible to support ‘dormancy’ behaviour from RAN1/RAN4 perspective? If it is feasible, what are expected spec impacts from RAN1/RAN4 perspective?
[RAN1 Answer] From RAN1 perspective, L1 based mechanism for transitioning between ‘dormancy-like’ and ‘non dormancy-like’ behaviour on activated SCells can be supported. The expected specification impact from RAN1 perspective may include potential L1-indication of transition between ‘dormancy’ and ‘non-dormancy’ behaviour, and potentially, corresponding RRC impact. Alternatively, the transition can also be enabled by means of cross-carrier scheduling configuration, in which case the existing CIF/BWP indication fields are reused as the L1 indication. If BWP framework is reused, the RAN1 specification impact depends on further design. If BWP framework is reused, it would be necessary to check whether the existing BWP switch delay requirements are adequate, or whether different delay requirement should be defined for this transition; however, this would fall in RAN4 expertise. 

Q 4: which part of latency can be reduced via temporary RS and by how much?
[RAN1 Answer] The benefits of temporary RS are currently under discussion. RAN1 has asked RAN4 in R1-1905912 to provide information on possible extent of reduction in the requirements and feasibility of changing the requirements within Rel-16 timeframe.

Q 5: if the latency can be reduced, is it feasible to support temporary RS from RAN1/RAN4 perspective? If it is feasible, what are expected spec impacts from RAN1/RAN4 perspective?
[RAN1 Answer] From the RAN1 perspective, it is feasible to support temporary RS but the related benefits are still under RAN1 discussion. The specification impact can be minimized if existing signals are used for this purpose. In this case, the main specification impact is how to trigger temporary RS during SCell activation. The impact may also include designing the temporary RS pattern to enable time-frequency synchronization and CSI determination, and possibly the CSI reporting. 


In RAN1#98bis meeting, RAN4 replied to RAN1’s LS R1-1905912 [6] with the following answers.
	Regarding the first question:
3. RAN1 is interested to know if considerable reduction in maximum allowed activation delay requirements (specified in subclause 8.3.2 of 38.133) is possible within Rel16 timeframe if additional reference signals (e.g. aperiodic TRS, short-interval CSI-RS configuration) are provided to the UE immediately following the SCell activation command. 

RAN4 discussed question 1 and concluded that depending on the RS design, RAN4 expects that a considerable reduction in the SCell activation delay is possible if additional reference signals are provided to the UE immediately following the SCell activation command.

Regarding the second question:
4. According to RAN4 specifications, the maximum allowed activation delay for CA is much larger than BWP switching delays provided in [R1-1803602]. RAN1 would be interested to know the RAN4 considerations that lead to the different requirements for BWP and CA cases. For example, for intra-band CA are there any conditions where maximum allowed SCell activation delay can be comparable with BWP switching times?

The current SCell activation delay requirements are based on LTE requirements updated to NR design. Additionally, BWP switching and SCell activation have different triggering mechanisms (DCI vs MAC-CE) and ending point (no CSI reporting vs valid CSI reporting). When changing active BWP within the bandwidth of the same cell, control loops (AFC/ATC/AGC) are already tuned, whereas this is not the case when activating an SCell. The shortest SCell activation delay is for FR2 intra-band when the UE is not provided with any SMTC for the target SCell. For this case, the activation delay is D = THARQ + 3ms + TCSI_Reporting.


Based on the above summary, the following observations can be made.
Observation 1: During Rel-16, regarding enhancement of legacy MAC-CE based SCell activation/deactivation procedure, companies had some preliminary discussion outcome, i.e., RAN1 conclusions and LSs exchange between RAN1 and RAN2/RAN4.
Observation 2: Compared with current SSB during the SCell activation procedure, applying denser temporary RS during SCell activation procedure can reduce the SCell activation latency.
Observation 3: To avoid duplicated discussion, solution based on denser temporary RS could be used as the starting point for Rel-17 SCell activation enhancement under LTE_NR_DC_enh-Core WI.
Timeline of SCell Activation
In Rel-16 MRDC discussion, most of the discussions on temporary RS is focused on FR1. However, as we can see in the Rel-17 MRDC WI, enhancement on fast SCell activation is applicable to both FR1 and FR2 in Rel-17. 
Observation 4: The Rel-17 enhancement on fast SCell activation is applicable to both FR1 carrier and FR2 carrier.
FR1 carrier
Based on TS38.133, upon receiving SCell activation command in slot n for FR1 carrier, the UE shall be capable to transmit valid CSI report and apply actions related to the activation command for the SCell being activated no later than in slot n + [THARQ + Tactivation_time + TCSI_Reporting] / slot_length, where THARQ is the timing between DL data transmission and acknowledgement, i.e., as defined in RAN1. Tactivation_time is mainly for L2 processing, time/frequency-domain synchronization, RF warm up and AGC adjustment. It largely depends on the frequency range, SCell measurement cycle and whether the SCell is known or unknown to UE. TCSI_Reporting is the delay including uncertainty in acquiring the first available downlink CSI reference resource, UE processing time for CSI reporting and uncertainty in acquiring the first available CSI reporting resource. 
Within these three parts of latency, the Tactivation_time is the dominant part since it is related to SMTC configuration which can be up to 160ms. For known SCell, the SSB during SMTC measurement window is mainly used for AGC adjustment. From RAN1 perspective, other reference signals can also be applied for AGC adjustment, e.g., CSI-RS/TRS.
According to TS38.133, Tactivation_time includes an extra 5ms in addition to SMTC. The extra 5ms consists of two parts:
(1) 3ms for MAC-CE processing, RF tune, RF warm up and margin;
(2) 2ms for margin for SSB in PSS/SSS MIB acquisition.
[bookmark: _GoBack]If temporary RS is introduced in SCell activation procedure, the 2ms of margin for SSB in PSS/SSS MIB acquisition can eliminated. In other words, Tactivation_time can be replaced by [TTRS + 3ms], where TTRS is TRS triggering delay and UE AGC adjustment delay.
Overall, for known SCell, the SCell activation delay can be reduced to [THARQ + TTRS + 3 + TCSI_Reporting]. The TTRS and TCSI_Reporting largely depend on the network configuration. If aperiodic TRS and CSI report are triggered during SCell activation, the SCell activation delay can be easily reduced to less than 10ms at least for FR1. Usually, typical values of THARQ for FR1 are 1 or 2 slots, namely 1~ 2ms. If TRS is aperiodic TRS that triggered via DCI, the TRS triggering delay and measurement delay is about 1~ 2ms. The delay for CSI measurement and CSI reporting (i.e., TCSI_Reporting) can be less than 2ms. Overall, the minimum delay of temporary RS for SCell activation can be down to 7ms.
The temporary RS is applicable to both known SCell and unknown SCell since the temporary RS can be used to perform AGC adjustment and obtain finer time tracking. For unknown SCell, four SMTC periodicities are needed for SCell activation procedure. According to TS38.133 two of the SMTC periodicities are used for PSS/SSS and MIB acquisition. Another two SMTC periodicities are used for AGC adjustment. From RAN1 perspective, the temporary RS can replace the SSBs for AGC adjustment. In this case, the SCell activation delay for unknown SCell can also be largely reduce, i.e., [THARQ + TTRS + 2*TSMTC_SCell + 5ms].
Observation 5: Temporary RS based solution can reduce the FR1 SCell activation delay to less than 10ms depending on the network configuration.
FR2 carrier
Compared with FR1 carrier, the SCell activation timeline for FR2 carrier is more complicated as we have to consider the TCI related operation during SCell activation procedure.
Similarly, upon receiving SCell activation command in slot n for FR2 carrier, the UE shall be capable to transmit valid CSI report and apply actions related to the activation command for the SCell being activated no later than in slot n + [THARQ + Tactivation_time + TCSI_Reporting] / slot_length. THARQ and TCSI_Reporting have the same meaning of those in FR1 carrier. The main difference between FR1 carrier and FR2 carrier activation resides in Tactivation_time. For better understanding of the FR2 SCell activation timeline, summary of Tactivation_time is presented in Table 1 based on TS38.133.
Table 1. Summary of the Tactivation_time of FR2 SCell activaion
	Case
	Tactivation_time
	Required conditions and corresponding explanations

	1
	TFirstSSB+ 5ms
	Required conditions
· The SCell being activated belongs to FR2 and there is at least one active serving cell on that FR2 band, and
· The UE is provided with SMTC for the target SCell, and  
· The SSBs in the serving cell(s) and the SSBs in the SCell fulfil the following condition: UE shall assume that the transmitted signals from the serving cells should have the same downlink spatial domain transmission filter on one OFDM symbol in the same band in FR2.
· The parameter ssb-PositionsInBurst is same for the serving cell(s) and the SCell.
Explanations
· TFirstSSB: is the time to the end of the first complete SSB burst indicated by the SMTC after slot 

	2
	3ms
	Required conditions
· The SCell being activated belongs to FR2 and there is at least one active serving cell on that FR2 band, and 
· The UE is not provided with any SMTC for the target SCell;
· The RS (s) of SCell being activated is (are) QCL-TypeD with RS (s) of one active serving cell on that FR2 band.

	3
	3ms + max(Tuncertainty_MAC + TFineTiming + 2ms, Tuncertainty_SP)

	Required conditions
· The SCell being activated belongs to FR2 and there is no active serving cell on that FR2 band provided that PCell or PSCell is FR1
· The target SCell is known to UE and semi-persistent CSI-RS is used for CSI reporting
Explanations
· Tuncertainty_MAC=0 and Tuncertainty_SP=0 if UE receives the SCell activation command, semi-persistent CSI-RS activation command and TCI state activation command at the same time.
· Tuncertainty_MAC is the time period between reception of the last activation command for PDCCH TCI, PDSCH TCI (when applicable) relative to
-	SCell activation command for known case;
-	First valid L1-RSRP reporting for unknown case.
· Tuncertainty_SP is the time period between reception of the activation command for semi-persistent CSI-RS resource set for CQI reporting relative to
-	SCell activation command for known case;
-	First valid L1-RSRP reporting for unknown case.
· TFineTiming is the time period between UE finish processing the last activation command for PDCCH TCI, PDSCH TCI (when applicable) and semi-persistent CSI-RS (when applicable) and the timing of first complete available SSB corresponding to the TCI state. 

	4
	max(Tuncertainty_MAC + 5ms + TFineTiming, Tuncertainty_RRC + TRRC_delay-THARQ)

	Required conditions
· The SCell being activated belongs to FR2 and there is no active serving cell on that FR2 band provided that PCell or PSCell is FR1
· The target SCell is known to UE and periodic CSI-RS is used for CSI reporting
Explanations
· Tuncertainty_MAC=0 if UE receives the SCell activation command and TCI state activation commands at the same time
· Tuncertainty_MAC is the time period between reception of the last activation command for PDCCH TCI, PDSCH TCI (when applicable) relative to
-	SCell activation command for known case;
-	First valid L1-RSRP reporting for unknown case.
· TFineTiming is the time period between UE finish processing the last activation command for PDCCH TCI, PDSCH TCI (when applicable) and semi-persistent CSI-RS (when applicable) and the timing of first complete available SSB corresponding to the TCI state.
· Tuncertainty_RRC is the time period between reception of the RRC configuration message for TCI of periodic CSI-RS for CQI reporting (when applicable) relative to
-	SCell activation command for known case;
-	First valid L1-RSRP reporting for unknown case.
· TRRC_delay is the RRC procedure delay as specified in TS 38.331

	5
	6ms + TFirstSSB_MAX + 15*TSMTC_MAX + 8*Trs  + TL1-RSRP, measure + TL1-RSRP, report  + THARQ + max(Tuncertainty_MAC + TFineTiming + 2ms, Tuncertainty_SP).

	Required conditions
· The SCell being activated belongs to FR2 and there is no active serving cell on that FR2 band provided that PCell or PSCell is FR1
· The target SCell is unknown to UE and semi-persistent CSI-RS is used for CSI reporting, provided that the side condition Ês/Iot ≥ -2dB is fulfilled
Explanations
· TFirstSSB_MAX: Is the time to the end of the first complete SSB burst indicated by the SMTC after slot  , further fulfilling:
-	In FR1, in case of intra-band SCell activation, the occasion when all active serving cells and SCells being activated or released are transmitting SSB bursts in the same slot; in case of inter-band SCell activation, the first occasion when the SCell being activated is transmitting SSB burst.
-	In FR2, the occasion when all active serving cells and SCells being activated or released are transmitting SSB bursts in the same slot. 
· TSMTC_MAX:
-	In FR1, in case of intra-band SCell activation, TSMTC_MAX is the longer SMTC periodicity between active serving cells and SCell being activated provided the cell specific reference signals from the active serving cells and the SCells being activated or released are available in the same slot; in case of inter-band SCell activation, TSMTC_MAX is the SMTC periodicity of SCell being activated.
-	In FR2, TSMTC_MAX is the longer SMTC periodicity between active serving cells and SCell being activated provided that in Rel-15 only support FR2 intra-band CA.
-	TSMTC_MAX is bounded to a minimum value of 10ms.
· Trs is the SMTC periodicity of the SCell being activated if the UE has been provided with an SMTC configuration for the SCell in SCell addition message, otherwise Trs is the SMTC configured in the measObjectNR having the same SSB frequency and subcarrier spacing. If the UE is not provided SMTC configuration or measurement object on this frequency, the requirement which involves Trs is applied with Trs = 5ms assuming the SSB transmission periodicity is 5ms. There are no requirements if the SSB transmission periodicity is not 5ms.
· TL1-RSRP, measure is L1-RSRP measurement delay TL1-RSRP_Measurement_Period_SSB ms or TL1-RSRP_Measurement_Period_CSI-RS based on applicability as defined in clause 9.5 of TS38.133 assuming M=1. TL1-RSRP, report is delay of acquiring CSI reporting resources.

	6
	3ms + TFirstSSB_MAX + 15*TSMTC_MAX + 8*Trs + TL1-RSRP, measure + TL1-RSRP, report + max {(THARQ + Tuncertainty_MAC + 5ms + TFineTiming), (Tuncertainty_RRC + TRRC_delay)}.

	Required conditions
· The SCell being activated belongs to FR2 and there is no active serving cell on that FR2 band provided that PCell or PSCell is FR1
· The target SCell is unknown to UE and periodic CSI-RS is used for CSI reporting, provided that the side condition Ês/Iot ≥ -2dB is fulfilled
Explanations
· The explanations are the same as other cases.


Similarly, temporary RS can be used to perform AGC instead of using SSB during the FR2 SCell activation procedure. In this case, for the best case, the FR2 SCell activation delay can be reduced to less than 10ms with temporary RS, e.g., Case 1 in Table 1. Furthermore, if the activation command of PDCCH TCI, PDSCH TCI (when applicable) can be combined with the activation command of temporary RS, the SCell activation delay can be further reduced.
Observation 6: Temporary RS based solution can be used to reduce the FR2 SCell activation delay. The FR2 SCell activation delay can be reduced to 10ms for the best case depending on the network configuration.
Candidate solutions
Based on the Rel-16 discussion outcome as described in Section 2.1 and the timeline analysis in Section 2.2, it is preferred to reuse the temporary RS based solution for Rel-17 fast SCell activation to reduce the overlapping discussion to the most extend. 
Proposal 1: Temporary RS based solution is used as the starting point for efficient SCell activation in Rel-17.
Temporary RS (Reference Signal)
For temporary RS based solution, the first question to answer is which kind of RS is to be used during SCell activation. From our perspective, there is no need to introduce any new RS as the TU is limited for this WI. CSI-RS, more specifically TRS, can be considered as the temporary RS for fast SCell activation. Regarding whether it should be aperiodic, semi-persistent or periodic TRS, it can be further discussed depending on the detailed activation mechanism.
Proposal 2: TRS is activated during the SCell activation procedure to reduce the SCell activation delay.
Activation of temporary RS
Another issue of temporary RS based solution is how to activate the temporary RS. Due to the limited time in Rel-16, companies discussed the separate activation of SCell activation and temporary RS activation. However, combining them together can further reduce the signalling overhead and can even further reduce SCell activation delay in some cases. Thus, it is preferred to design a combined activation command for SCell activation and temporary RS activation.
The previous SCell activation command is carried by MAC-CE. If the current signaling to trigger aperiodic/semi-persistent CSI-RS during SCell activation procedure cannot reduce the SCell activation latency well, some enhancement schemes can be considered. For example, defining a new MAC CE to activate both the SCell and the corresponding temporary RS is one potential approach. Another way is to apply a DCI to activate both the SCell and the corresponding temporary RS.
Proposal 3: With temporary RS based solution, consider MAC-CE or DCI as the combined command for SCell activation and temporary RS activation for fast SCell activation. 
Timeline of temporary RS
If the temporary RS based solution is adopted, network has to make sure the temporary RS is transmitted at the right occasion where UE can successfully receive it. The current timeline of TRS can be reused to the most extent. The detailed timeline of temporary RS can be further discussed in future meetings.
Conclusion
In this contributions, the Rel-16 discussion outcome of temporary RS based solution, timeline analysis and candidate solutions for fast SCell activation are presented with the following observations and proposals. 
Observation 1: During Rel-16, regarding enhancement of legacy MAC-CE based SCell activation/deactivation procedure, companies had some preliminary discussion outcome, i.e., RAN1 conclusions and LSs exchange between RAN1 and RAN2/RAN4.
Observation 2: Compared with current SSB during the SCell activation procedure, applying denser temporary RS during SCell activation procedure can reduce the SCell activation latency.
Observation 3: To avoid duplicated discussion, solution based on denser temporary RS could be used as the starting point for Rel-17 SCell activation enhancement under LTE_NR_DC_enh-Core WI.
Observation 4: The Rel-17 enhancement on fast SCell activation is applicable to both FR1 carrier and FR2 carrier.
Observation 5: Temporary RS based solution can reduce the FR1 SCell activation delay to less than 10ms depending on the network configuration.
Observation 6: Temporary RS based solution can be used to reduce the FR2 SCell activation delay. The FR2 SCell activation delay can be reduced to 10ms for the best case depending on the network configuration.

Proposal 1: Temporary RS based solution is used as the starting point for efficient SCell activation in Rel-17.
Proposal 2: TRS is activated during the SCell activation procedure to reduce the SCell activation delay.
Proposal 3: With temporary RS based solution, consider MAC-CE or DCI as the combined command for SCell activation and temporary RS activation for fast SCell activation. 
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