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Introduction
During RAN plenary #81, work item on DC and CA enhancements has been approved in [1]. The work item contains multiple objectives involving RAN1, from which one addresses efficient CA configuration/activation/setup. 
3. Efficient and low latency serving cell configuration/activation/setup: Minimizing signalling overhead and latency needed for initial cell setup, additional cell setup and additional cell activation for data transmission. [RAN2, RAN1, RAN4, RAN3]
· This objective applies to MR-DC, NR-NR DC and CA
· The objective should consider enhancements when starting from IDLE, INACTIVE mode and CONNECTED mode
From configuration/activation/setup, RAN1 could potentially shorten cell activation and reduce configuration overhead, if one or more parameters are configured to be the same in multiple cells. Furthermore, scheduling efficiency could be improved, when a single DCI schedules multiple PDSCH on multiple serving cells, which aspects are addressed in [2].
On reduction of Scell activation times  
L1/L2 Scell activation delay in R15 
R15 supports Scell activation/deactivation by MAC-CE. MAC-CE command L1-defined activation delay consists of L2 processing delay and RF warm up (3ms) + K1(PDSCH-end to HARQ-ACK), where K1 corresponds to L1 processing delay [3][6] . While L1 processing delay has been reduced, compared to LTE, from 3ms -> ~1ms, the L2 processing latency and RF warm up has been reduced only from 4ms->3ms, which now becomes the major part of L1-defined Scell activation delay. 
NR R15 supports BWP switching command to activate new BWP in 0.6/2ms, depending on capability, this involving RF retuning and base-band reconfiguration. Therefore, it seems that replacing MAC-CE command by DCI activation command could reduce Scell activation time by up to 3ms at least for intra-band CA.   
Observation-1: At least for intra-band CA, introduction of DCI-based activation command could reduce L1-defined Scell activation time by up to 3ms. 
Overall Scell activation delay in R15
On top of L1-defined Scell activation delay, RAN4 defines an additional activation delay. In other words, the total time between activation and the chipset being capable of receiving PDCCH and PDSCH is larger than L1-defined Scell activation delay. This total Scell activation time in LTE has been between 16 to 27ms and in NR the delay is specified in [4], even though some aspects of activation delay are still under discussion in RAN4. NR Scell activation delay depends on several factors: (i) is the Scell known or not (ii) is the Scell in FR1 or FR2 (iii) is SMTC smaller than 160ms or not. For example, for known Scell in FR1: 
	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 n+ [THARQ + Tactivation_time + TCSI_Reporting], where:
THARQ is the timing between DL data transmission and acknowledgement as specified in [7].
Tactivation_time is the SCell activation delay. If the SCell is known and belongs to FR1, Tactivation_time is:
-	[TSMTC_SCell + 5ms], if the SCell measurement cycle is equal to or smaller than [160ms].
….. 
 TSMTC_SCell: SMTC periodicity of SCell being activated and the minimum value is 10ms.
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 resources as specified in TS38.331.




The 5ms component includes 3ms (L2 processing delay and RF warm up) from RAN1 specification and additional 2ms to cover SMTC widow acquisition uncertainty. Assuming the smallest 5 ms (not practical due to large overhead) SMTC periodicity as defined in [5] and assuming the minimum capability for CSI reporting, the activation time with 15kHz SCS will be n+12: 
	Parameter
	Assumed values

	THARQ (K1)
	~1ms (assuming 8-symbol N1 time [6]

	TSMTC_SCell
	5ms [5]

	TCSI_reporting
	~1ms (assuming 10-symbol Z1 time CSI report capability 1 in [6])



Observation-2: The minimum achievable Scell activation delay in R15 NR for known cell in FR1 with 15kHz SCS is 12ms.  
Discussion
Based on above two observations, it seems that DCI-based activation could reduce the overall activation delay by up to 25%. In addition, the reliability aspect of Scell activation should be considered in the design, it means that DCI-based activation shall be acknowledged before the gNB start to schedule PxSCH.  
Proposal-1: In R16 NR, support DCI-based Scell activation with acknowledgement, if DCI-based activation reduces L1-defined Scell activation delay to less than 1 slot. 
Further, RAN1 should study whether and how the RAN4 part of the delay could be reduced. It does not seem rational that a Scell in intra-band CA using single RF requires at least 12ms to be activated, while BWP activation using the same hardware is possible in 0.6/2ms. For example TCSI_reporting and TSMTC_SCell may not be necessary or could be reduced in case of intra-band CA. Therefore, RAN1 should send LS to RAN4 and ask what are the RAN4 components of Scell activation delay, and under which assumptions, a Scell in intra-band CA could be activated at the similar timeline as a BWP. 
Proposal-2: Send LS to RAN4 with the following questions: 
RAN1 would like to kindly ask RAN4 for clarification on the main components of Tactivation_time =[5ms+ 1* TSMTC_SCell]. RAN1 assumes that 3ms correspond to MAC-CE interpretation and RF warm up and TSMTC_SCell is the configured SMTC periodicity of the Scell. 
For intra-band, RAN1 would be interested under which conditions Scell activation times could be comparable with BWP activation times. 
On DCI-based activation command design 
If DCI based Scell activation command is supported, we think that it should be designed together with multi-TTI and multi-cell scheduling DCI [2], to harvest the synergy. The Scell activation command could be:
· In a separate DCI format, where DCI format size could be aligned with the fall-back DCI format (to avoid additional blind decoding) and an additional signalling content could be introduced to improve CA efficiency. New DCI format could be a form of first-stage of the two-stage scheduling DCI design. Obviously, drawback of two-stage DCI design is its reliability. On the other hand, the DCI format size of the second stage scheduling DCI could be based on the number of active Scells, which helps to reduce BD for the second stage DCI decoding. The first-stage DCI format could be of 2-x family.
· Inbuilt to scheduling DCI, where scheduling DCI could schedule PDSCH in one or multiple serving cells. For single-stage DCI, there is no reliability issue. On the other hand, activation field size would need to be based on number of configured cells, and the DCI format size would need to be determined based on the number of configured Scells or previously active Scells.  
We think both alternatives should be considered at this stage. 
Proposal-3: If DCI based Scell activation is supported in R16, consider also designs, where Scell activation command is included in separate 2-x DCI format, as well as where Scell activation command is part of single-cell or multi-cell scheduling DCI format.    
   
Conclusions
In this contribution, we have discussed potential solutions to reduce Scell activation delay. Based on the discussion, we make the following observations and proposals:
Observation-1: At least for intra-band CA, introduction of DCI-based activation command could reduce L1-defined Scell activation time by up to 3ms. 
Observation-2: The minimum achievable Scell activation delay in R15 NR for known cell in FR1 with 15kHz SCS is 12ms.  
Proposal-1: In R16 NR, support DCI-based Scell activation with acknowledgement, if DCI-based activation reduces L1-defined Scell activation delay to less than 1 slot. 
Proposal-2: Send LS to RAN4 with the following questions: 
RAN1 would like to kindly ask RAN4 for clarification on the main components of Tactivation_time =[5ms+ 1* TSMTC_SCell]. RAN1 assumes that 3ms correspond to MAC-CE interpretation and RF warm up and TSMTC_SCell is the configured SMTC periodicity of the Scell. 
For intra-band, RAN1 would be interested under which conditions Scell activation times could be comparable with BWP activation times. 
Proposal-3: If DCI based Scell activation is supported in R16, consider also designs, where Scell activation command is included in separate 2-x DCI format, as well as where Scell activation command is part of single-cell or multi-cell scheduling DCI format.    
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