[bookmark: _Hlk31821325][bookmark: _GoBack]3GPP TSG-RAN WG1 Meeting #102-e		R1-2005411
e-Meeting, August 17th – 28th, 2020

Source:	vivo
Title:	Discussion on efficient activation/de-activation mechanism for Scells
Agenda Item:	8.13.3
Document for:	Discussion and Decision
1. Introduction
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]It has been agreed to introduce a physical layer efficient activation/de-activation mechanism for SCells, as shown in the WID [1]. 
	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



In this contribution, we provide our view on the physical layer mechanism for efficient SCell activation/de-activation.

2. Discussion 
During Rel-16 RAN1 discussions, some physical layer mechanisms for fast SCell activation are proposed to enhance the SCell operation efficiency (latency, power consumption, etc.). In this way, the SCell can be activated when necessary (burst traffic arrival), with further squeezed transition delay (from a deactivated state to an activated state). The following two options were considered for further study in RAN1 #98. 
	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.


In this section, we analyze the transmission delay in different scenarios as well as the achievable benefits of fast SCell activation.
2.1. Analysis of transition delay
As specified in TS38.133 (copied in Annex for reference), the SCell activation delay (shown in Figure 1) is up to , where  contributes the most to the total time for SCell activation delay, which varies in different scenarios:
· FR1
· Whether the activated SCell is known or not;
· Whether UE needs to do AGC or not;
· FR2
· Whether L1-RSRP report is needed for the activated SCell or not; 
· If the SCell is known to UE, it is not necessary to conduct L1-RSRP report during SCell activation;
· Whether there is another SCell in the same band;
· Whether there is any SMTC or SSB is configured for the SCell
If the SCell is unknown to the UE, there is no RRM measurement for it after SCell addition. Thus, a large delay is required due to cell acquisition before the actual transmission on that SCell. However, this delay may be resolved by early measurement introduced in Rel-16. Moreover, the solution of fast SCell activation for the cases that SCell is known to the UE may also apply to the unknown SCell cases. Therefore, in this paper we focus on the following cases for fast SCell activation:
· FR1 Case1: The SCell being activated in FR1 is known to the UE, where the SCell measurement cycle is equal to or smaller than 160ms.
· FR1 Case2: The SCell being activated in FR1 is known to the UE, where the SCell measurement cycle is larger than 160ms.
· FR2 Case1: The SCell being activated belongs to FR2, provided with at least one active serving cell on that FR2 band
· Note there is a case when SMTC is configured, the SCell activation is not necessary to be further optimized;
· FR2 Case2: The SCell being activated belongs to FR2, while there is no active serving cell on that FR2 band if PCell or PSCell is in FR1.

2.1.1. FR1 Case1 and FR2 Case 1
The SCell activation delay for FR1 Case1 is shown in Figure 1, where the Tactivation_time includes
· 3ms: MAC CE processing time, and RF warm-up/retuning
· TFirstSSB: the time to first SSB indicated by the SMTC (including AGC setting and SSB acquisition)
· 2ms: SSB processing


[bookmark: _Ref36824556][bookmark: _Ref36824553]Figure 1 SCell activation delay
Similarly, for FR2 case1, Tactivation_time is TFirstSSB+ 5ms.
TFirstSSB is determined by the configured SMTC periodicity on the SCell frequency and can be down to 5ms if the network configures SSB transmission per 5ms. Reducing SMTC periodicity can be helpful for fast SCell activation, e.g. the activation delay can be squeezed from 25ms to 10ms if the SMTC periodicity is reduced from 20ms to 5ms. However, this will cause significant network overhead, as SSB has to be transmitted on the SCell per 5ms periodically regardless of whether there is any UE requiring SCell activation or not. Alternatively, to avoid the overhead issue caused by periodic SSB transmission, the network can trigger an on-demand RS to facilitate UE preparation (AGC and time/frequency sync) for SCell activation. The on demand RS can be SSB, or TRS, etc. The triggering of on-demand RS can be either MAC CE based or DCI based. In this case, the TFirstSSB can potentially be reduced to 1~2ms if the on-demand RS can be available immediately after the SCell activation command is applied at the UE. 
The on-demand RS could be a one-shot RS like aperiodic TRS, which is mainly used to provide QCL-A parameters and fine-tune the timing. With such one-shot RS, Tactivation_time could be reduced from 25ms to as small as 6ms:
· 3ms: MAC CE processing time, and RF warm-up/retuning
· 1ms: RS reception (e.g., 2 slot TRS with 30kHz numerology)
· 2ms: RS processing
[bookmark: _Ref47192595]Observation 1: For both FR1 case1 and FR2 case 1, by enabling a one-shot RS during SCell activation, Tactivation_time could be reduced from 25ms to as small as 6ms.

2.1.2. FR1 Case2 
Compared with FR1 Case1, a larger measurement cycle is configured to the UE, which is beneficial for UE power saving, at the cost of significantly larger activation delay according to the current spec. More specifically, Tactivation_time is equal to TSMTC_MAX + Trs + 5ms in this case, including the following components:
· 3ms: MAC CE processing time, and RF warm-up/retuning
· TSMTC_MAX:
· In the case of intra-band SCell activation, TSMTC_MAX is the longer SMTC periodicity between active serving cells (providing the cell-specific RSs) and SCell being activated.
· In the case of inter-band SCell activation, TSMTC_MAX is the SMTC periodicity of SCell being activated.
· Trs is 
· The SMTC periodicity of the SCell being activated if the UE has been provided with an SMTC configuration for the SCell
· Otherwise, the requirement that involves Trs is applied with Trs = 5ms assuming the SSB transmission periodicity is 5ms. There is no requirement if the SSB transmission periodicity is not 5ms.
· 2ms: SSB processing
The key difference between case2 and case1 in FR1 is that UE needs one more SMTC window for the AGC setting. Assuming SMTC periodicity is 20ms for both activated SCell and active serving cells, Tactivation_time could be as large as 45ms. If on-demand RS could be used for both AGC setting and QCL-A, Tactivation_time could be largely reduced to 7~8ms:
· 3ms: MAC CE processing time, and RF warm-up/retuning
· 1~2ms: RS reception (e.g., 2 slot TRS with 30kHz numerology) and AGC processing;
· 1ms: RS reception (e.g., 2 slot TRS with 30kHz numerology) for QCL-A parameters and fine-tune timing;
· 2ms: RS processing;
Such a significant delay reduction would be very useful for on-demand SCell activation/deactivation in field deployment, which is desirable for UE power saving. 
[bookmark: _Ref47192596]Observation 2: For FR1 case2, by enabling a multi-shot RS during Scell activation, Tactivation_time could be reduced from (typically) 45ms to as small as 7~8ms.

2.1.3. FR2 Case2
The actual activation delay in this case is a little complicated, depending on what RS is provided for CSI reporting and when the TCI state activation command is received. More specifically, Tactivation_time is:
-	TFineTiming + 5ms, in the case of SP-CSI-RS is used for CSI reporting, and UE receives the SCell activation command, SP-CSI-RS activation command and TCI state activation command at the same time
-	Tuncertainty_MAC +TFineTiming + 5ms, in the case of SP-CSI-RS is used for CSI reporting, and UE receives TCI state activation command after SCell activation command.
-	max(Tuncertainty_MAC + 5ms + TFineTiming, Tuncertainty_RRC + TRRC_delay-THARQ), in case of periodic CSI-RS is used for CSI reporting, and Tuncertainty_MAC=0 if UE receives the SCell activation command and TCI state activation commands at the same time.
One of the key component for reducing Tactivation_time is to reduce the value of TFineTiming, which is defined as the 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 the first complete available SSB corresponding to the TCI state. The UE may still need to wait for the first available SSB before the reception of the CSI-RS for CSI. If aperiodic CSI-RS is used, then the UE does not need to wait for the SSB. For example for the case when UE receives the SCell activation command, SP-CSI-RS activation command and TCI state activation command at the same time, the original time duration is TFineTiming + 5ms which could be as large as 25ms. With on-demand RS, such delay could be reduced to as small as 6ms:
· 3ms: MAC CE processing time, and RF warm-up/retuning
· Less than 1ms: RS reception (e.g., 2 slot TRS with 60/120kHz numerology)
· 2ms: RS processing
[bookmark: _Ref47192597]Observation 3: For FR2 case2, by enabling a one-shot RS during SCell activation, Tactivation_time could be reduced from 25ms to less than 6ms under conditions.

2.2. Details of temporary RS triggering
Based on the above analysis, the SCell activation delay could be largely reduced with a one-shot or multi-shot RS triggered during SCell activation procedure. However, the current RS triggering procedure is not suitable for such purposes.
· Periodic or semi-persistent TRS configured on the SCell:
· Periodic TRS has the same drawback as SSB – the delay of SCell activation could be reduced only when the periodicity of the TRS is very small, which causes large overhead for SCell. Later on, additional RRC signaling may be required to turn the TRS off.
· On the other hand, semi-persistent TRS is not supported in NR.
· Semi-persistent CSI-RS on the SCell: 
· Semi-persistent CSI-RS could not provide any QCL-A parameters for the CSI-RS. Without QCL-A parameters, the CSI-RS for CSI cannot provide a valid CSI report for SCell activation;
· Aperiodic CSI-RS on the SCell:
· Aperiodic CSI-RS has similar limitations as semi-persistent CSI-RS on SCell;
· Aperiodic TRS on the SCell:
· Standalone aperiodic TRS is not supported in NR: it must be QCL type-A with another periodic TRS on the same SCell, which would then require another periodic TRS for SCell activation;
· Aperiodic TRS suffers from following triggering restrictions:
· During SCell activation, the 3ms period for UE to apply MAC CE command and RF retuning is not suitable for DCI triggering, since there might be an interruption during this period. If UE misses the DCI, there would be misalignment on the status of the SCell activation. Currently, the offset between the triggering DCI and the RS only supports up to 24 slots (for the same SCS case) or 31 slots (in case of µPDCCH < µCSI-RS), which may not be enough in FR2 at least in same SCS case.
· Moreover, for FR1, such RS is always in the same slot as the triggering DCI. This is also problematic for SCell activation.
· Besides, aperiodic TRS suffers from restrictions that the PUSCH triggered with same UL grant should be later than the A-TRS
· This restriction can be removed since the PUSCH can be viewed as a kind of feedback for correct detection of the DCI triggering the RS; 
· There is only one shot of TRS with one DCI:
· As discussed above, multi-shot TRS is needed for FR1 case2.
Based on the above analysis, one of the following options should be supported:
· Option1: Support the following aperiodic TRS triggering mechanism:
· Support standalone A-TRS which is not QCL-A with another periodic TRS;
· Support more flexible “aperiodicTriggeringOffset” between the triggering DCI and the RS;
· Support A-TRS transmission after the PUSCH triggered in the same UL grant;
· Option 2: Support MAC CE triggering multiple TRS:
· In the triggering MAC CE, support MAC CE to indicate the exact timing of each TRS;

[bookmark: _Ref37170876]Proposal 1: Support one of the following two options for fast SCell activation.
·	Option1: Enhanced aperiodic TRS triggering mechanism with the support of:
		-  standalone A-TRS without QCL-A with another periodic TRS on the same SCell;
		-  more flexible offsets between the triggering DCI and the RS;
		-  A-TRS transmission after the PUSCH triggered in the same UL grant.
·	Option 2: MAC CE triggering multiple TRS:
		- indicating the exact timing of each TRS without QCL-A with another periodic TRS.

Moreover, UE is not expected to measure the aperiodic CSI-RS on inactive BWP. The UE behavior should be clarified that during the SCell activation procedure, UE could measure RS in the BWP configured by “firstActiveDownlinkBWP-Id” when triggered, although the BWP is inactive during SCell activation procedure.
[bookmark: _Ref37170879]Proposal 2: During Scell activation procedure, UE can measure the triggered RS on the BWP identified by “firstActiveDownlinkBWP-Id”.

3. Conclusion
In the contribution, we provide our view on efficient SCell activation/de-activation with the following observations:
Observation 1: For both FR1 case1 and FR2 case 1, by enabling a one-shot RS during SCell activation, Tactivation_time could be reduced from 25ms to as small as 6ms.
Observation 2: For FR1 case2, by enabling a multi-shot RS during Scell activation, Tactivation_time could be reduced from (typically) 45ms to as small as 7~8ms.
Observation 3: For FR2 case2, by enabling a one-shot RS during SCell activation, Tactivation_time could be reduced from 25ms to less than 6ms under conditions.
Based on these observations, we propose that:
Proposal 1: Support one of the following two options for fast SCell activation.
·	Option1: Enhanced aperiodic TRS triggering mechanism with the support of:
		-  standalone A-TRS without QCL-A with another periodic TRS on the same SCell;
		-  more flexible offsets between the triggering DCI and the RS;
		-  A-TRS transmission after the PUSCH triggered in the same UL grant.
·	Option 2: MAC CE triggering multiple TRS:
		- indicating the exact timing of each TRS without QCL-A with another periodic TRS.
Proposal 2: During Scell activation procedure, UE can measure the triggered RS on the BWP identified by “firstActiveDownlinkBWP-Id”.

4. [bookmark: _Ref510367705][bookmark: _Ref503565490][bookmark: _Ref493791948][bookmark: _Ref503565531]Reference
[1] [bookmark: _Ref32251495][bookmark: _Ref521328302][bookmark: _Ref510367818]RP-201040, “Revised WID on Further Multi-RAT Dual-Connectivity enhancements”, RAN#88e, Jun 2020.

5. Annex 
	8.3.2	SCell Activation Delay Requirement for Deactivated SCell
The requirements in this clause shall apply for the UE configured with one downlink SCell in EN-DC, or in standalone NR carrier aggregation or in NE-DC or in NR-DC and when one SCell is being activated.
The delay within which the UE shall be able to activate the deactivated SCell depends upon the specified conditions.
Upon receiving SCell activation command in slot n, 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  , where:
THARQ (in ms) is the timing between DL data transmission and acknowledgement as specified in TS 38.213 [3]
Tactivation_time is the SCell activation delay in millisecond. 
If the SCell is known and belongs to FR1, Tactivation_time is:
-	TFirstSSB+ 5ms, if the SCell measurement cycle is equal to or smaller than 160ms.
-	TFirstSSB_MAX + Trs + 5ms, if the SCell measurement cycle is larger than 160ms.
If the SCell is unknown and belongs to FR1, provided that the side condition Ês/Iot ≥ [-2]dB is fulfilled, Tactivation_time is:
-	TFirstSSB_MAX + TSMTC_MAX TSMTC_MAX + 2*Trs + 5ms .
If the SCell being activated belongs to FR2 and if there is at least one active serving cell on that FR2 band, then Tactivation_time is TFirstSSB+ 5ms provided:
-	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 condition defined in clause 3.6.3.
If the SCell being activated belongs to FR2 and if there is at least one active serving cell on that FR2 band, if the UE is not provided with any SMTC for the target SCell, Tactivation_time is 3 ms, provided
-	the RS (s) of SCell being activated is (are) QCL-TypeD with RS (s) of one active serving cell on that FR2 band.
If the SCell being activated belongs to FR2 and if there is no active serving cell on that FR2 band provided that PCell or PSCell is FR1:
If the target SCell is known to UE and semi-persistent CSI-RS is used for CSI reporting, then Tactivation_time is:
-	TFineTiming + 5ms, if UE receives the SCell activation command, semi-persistent CSI-RS activation command and TCI state activation command at the same time.
-	Tuncertainty_MAC +TFineTiming + 5ms, if UE receives TCI state activation command after SCell activation command.
If the target SCell is known to UE and periodic CSI-RS is used for CSI reporting, then Tactivation_time is:
-	max(Tuncertainty_MAC + 5ms + TFineTiming, Tuncertainty_RRC + TRRC_delay-THARQ), where Tuncertainty_MAC=0 if UE receives the SCell activation command and TCI state activation commands at the same time.
If the target SCell is unknown to UE and semi-persistent CSI-RS is used for CSI reporting, provided that the side condition Ês/Iot ≥ [-2]dB is fulfilled, then Tactivation_time is:
-	8ms+24*Trs  + Tuncertainty_MAC + TL1-RSRP, measure + TL1-RSRP, report  + THARQ + TFineTiming 
If the target SCell is unknown to UE and periodic CSI-RS is used for CSI reporting, provided that the side condition Ês/Iot ≥ [-2]dB is fulfilled, then Tactivation_time is:
-	3ms + 24*Trs + TL1-RSRP, measure + TL1-RSRP, report + {(THARQ + Tuncertainty_MAC + 5ms + TFineTiming), (Tuncertainty_RRC + TRRC_delay)}.
Where,
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 is no requirements if the SSB transmission periodicity is not 5ms
TFirstSSB: is the time to first SSB indicated by the SMTC after n + THARQ+3ms
TFirstSSB_MAX: Is the time to first SSB indicated by the SMTC after n + THARQ+3ms, 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. 
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. 
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 assuming M=1.
TL1-RSRP, report is delay of acquiring CSI reporting resources.
Tuncertainty_MAC is the time period between reception of the last activation command for PDCCH TCI, PDSCH TCI (when applicable) and semi-persistent CSI-RS for CQI reporting (when applicable) relative to
-	SCell activation command for known case;
-	First valid L1-RSRP reporting for unknown case.
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 [2].
TCSI_reporting is the delay (in ms) 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 resources as specified in TS 38.331 [2].
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