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Introduction
In RP-190452 the WI on Multi-RAT Dual-Connectivity and Carrier Aggregation enhancements was approved. RAN1 and RAN2 has the lead on different objectives of the WI. In this paper we address two incoming LS from RAN1 [1] and RAN2 [2] related to this WI. 
Discussion
Both the LS from RAN2 in [2] and the LS from RAN1 in [1] are related to the same topic of NR SCell activation delay requirements in NR. Both LSs have their origin in the Rel16 Multi-RAT Dual-Connectivity and Carrier Aggregation enhancements WI objective 3, Efficient and low latency serving cell configuration/activation/setup.
RAN2 did decide that a similar behavior (as known from dormancy/hibernation) will be studies with the aim of enabling fast return to active SCell data transmission. RAN2 understanding of the UE behavior when in ‘dormancy’ is that the UE is not required to monitor PDCCH but other activities continues including at least AGC tracking, CSI measurements and beam management. One of the points to study in RAN2 is introducing temporary RS resources which can be used at SCell activation for enabling fast SCell activation. For this RAN2 is in [2] asking RAN4 input required the feasibility and benefit:
Q 1:  Which part is the dominant contributor to NR SCell activation latency? Any difference between FR1 and FR2?
Then RAN2 would like to ask RAN1/RAN4 input on the ‘dormancy’ behaviour. 
Q 2:  which part of latency can be reduced via the ‘dormancy’ behaviour and by how much?
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?
RAN2 also would like to ask RAN1/RAN4 input on temporary RS.
Q 4: which part of latency can be reduced via temporary RS and by how much?
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 is studying the same aspect and want to ask following from RAN4 [1]:
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?

The studies in RAN2 and RAN1 seems to be rather similar, leading to rather similar questions to RAN4. Following we address the aspects raised by both working groups in a general discussion including proposed replies to each question.

SCell Activation delay requirements
RAN4 has defined separate SCell activation delay for FR1 and FR2. Additionally, RAN4 has defined SCell activation delay requirements for known SCell and unknown SCell. And RAN4 has also defined separate SCell activation requirements in FR2 conditioned on whether it is the first SCell in a band or not.
In general, the UE minimum requirements for SCell activation delay for an SCell is given by:
Tdelay = n+ [THARQ + Tactivation_time + TCSI_Reporting]
when receiving SCell activation command in slot n. The UE shall be capable of transmitting a valid CSI report and apply actions related to the activation command for the SCell no later than at Tdelay.
THARQ is given and does not depend on availability of any RS. I.e. this delay is under network control and is not influenced by SSB/RS availability.
THARQ is network configured and is not influenced by SSB/RS availability.
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 TS 38.331. I.e. this delay is under network control and is influenced by RS availability and reporting availability.
TCSI_reporting delay is under network control and is influenced by RS availability and reporting availability.
One can conclude that THARQ contributes to the delay, but the delay is deterministic and fixed. Additionally, the TCSI_reporting contributes to the overall delay, and is influenced by the availability of RS for CSI estimation and the reporting opportunity. The contribution from TCSI_reporting to the overall Tdelay becomes more significant when the Tactivation_time is shorter.
THARQ contributes to the delay, but the delay is deterministic and fixed.
TCSI_reporting contribution to the overall Tdelay becomes more significant when the Tactivation_time is short.
Next, we look at the Tactivation_time for each use case of SCell activation. It will become evident that Tactivation_time is currently the most significant delay in the overall activation delay for the different use cases. 

Known SCell in FR1
The Tactivation_time for a known SCell in FR1 is defined as:
· [TSMTC_SCell + 5ms], if the SCell measurement cycle is equal to or smaller than [160ms]. 
· [TSMTC_MAX + TSMTC_SCell + 5ms], if the SCell measurement cycle is larger than [160ms].
As the SCell is known there is no additional delay needed for potential cell detection as part of the delay.
For known SCell there is no additional cell detection delay.
However, the delay includes at least one SMTC period of the SCell. And if the MeasCycleScell is larger than the minimum measurement cycle there is an additional delay of one SMTC period is needed. Assuming SMTC period of 20ms in the cells the Tactivation_time requirement is 25ms or 45ms for a known SCell in FR1.
Assuming SMTC period of 20ms, Tactivation_time requirement is 25ms or 45ms for a known SCell in FR1.
Tactivation_time is the largest contributor to the overall SCell activation delay for known SCell in FR1.

Unknown SCell in FR1
The Tactivation_time for an unknown SCell in FR1 is defined as:
· [2*TSMTC_MAX + 2*TSMTC_SCell + 5ms] provided the SCell can be successfully detected on the first attempt.
As the SCell is unknown there is an additional delay needed for cell detection as part of the delay.
For unknown SCell there is an additional cell detection delay.
Due to the SCell being unknown the delay includes up to 4 SMTC periods, which with an assumed SMTC periodicity of 20ms leads to activation delay up to 85ms.
Assuming SMTC period of 20ms, the Tactivation_time requirement is 85ms an unknown SCell in FR1.
Tactivation_time is the largest contributor to the overall SCell activation delay for an unknown SCell in FR1.

Active serving cell in the band in FR2
For FR2 RAN4 has differentiated the UE requirements conditioned by whether it is the initial SCell in the FR2 band, or if there is already an active serving cell in the band.
When there is at least one active serving cell in that FR2 band Tactivation_time is defined as:
· [TSMTC_SCell + 5ms].
If 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, Tactivation_time is:
· 3 ms.
I.e. when there is at least one active serving cell in the FR2 band in which the SCell is being activated, the SCell is always considered known. Assuming SMTC periodicity of 20ms leads to activation delay up to 25ms.
Assuming SMTC periodicity of 20ms leads to activation delay up to 25ms, when there is active serving cell in the FR2 band.
Except for when SMTC periodicity is 5ms, Tactivation_time is the largest contributor to the overall SCell activation delay when there is active serving cell in the FR2 band.

No active serving cell in the band in FR2
When the SCell being activated belongs to FR2 and there is no active serving cell in the FR2 band, and PCell or PSCell is FR1:
SCell is known:
The activation delay depends on whether the UE receives the TCI state command at the same time as the SCell activation command.
1) SCell activation command and TCI state activation command at the same time, Tactivation_time is defined as:
· [TMAC-CE,SCell + TFineTiming + 2ms]
2) TCI state activation command is received after the SCell activation command, Tactivation_time is defined as:
· [max{ TMAC-CE,SCell, Tuncertainty} + TMAC-CE_TCI + TFineTiming + 2ms]
Assuming TMAC-CE,SCell is the time it takes the UE to decode the MAC CE, this delay would be reasonable small compared to TFineTiming, where TFineTiming the time between finalizing the MAC CE decoding and the first complete reception of an SSB for the activated TCI state. I.e. leaving out the MAC CE delay and assuming SMTC of 20ms, the activation delay, when the UE receives the TCI state command at the same time as the SCell activation command, is at least 22ms.
Assuming SMTC of 20ms, the activation delay, when the UE receives the TCI state command at the same time as the SCell activation command, is at least 22ms.
Tactivation_time is the largest contributor to the overall SCell activation delay for a known SCell, when there is no active serving cell, in the FR2 band.
If the TCI state activation command is received after the SCell activation command, the delay is expected to be longer. This delay will include the time delay Tuncertainty which represents the delay between the activation command and the TCI state command. Such delay is network dependent. Added delay is also the TMAC-CE_TCI which is TCI state change delay.
Assuming SMTC of 20ms, the activation delay, when the UE receives the TCI state command is received after the SCell activation command, is longer than 22ms.
Tactivation_time is the largest contributor to the overall SCell activation delay for a known SCell, when there is no active serving cell, in the FR2 band.

SCell is unknown:
· [TMAC-CE,SCell + 24* TSMTC_SCell + TL1-RSRP,measure + TL1-RSRP,report + Tuncertainty + TMAC-CE,TCI + TFineTiming + [TCSI-RS_resource_configuration] +2ms]
The main delay contribution comes from the expected cell detection and measurement time 24* TSMTC_SCell. Using this as a rough estimate and assuming SMTC periodicity of 20ms, the activation delay in this case may be up to and longer than 480ms.
Assuming SMTC of 20ms, the activation delay for an unknown SCell in FR2, may be up to and longer than 480ms.
Tactivation_time is the largest contributor to the overall SCell activation delay for a known SCell, when there is no active serving cell, in the FR2 band.

Summary
From the analysis of the NR SCell activation delay requirement under the different conditions, as defined by RAN4, in far the most conditions the main delay contribution comes from the Tactivation_time. The Tactivation_time is the main delay contributor in both FR1 and FR2 due to its dependency on the SMTC.
[bookmark: _Hlk16621801]The main delay contribution to the SCell activation delay comes from the Tactivation_time.
[bookmark: _Hlk16621827]Tactivation_time is the main delay contributor in both FR1 and FR2.
Based on these observation we propose to reply following to question 1 in the RAN2 LS
Reply to Q1 (in RAN2 LS):
The main delay contribution to the SCell activation delay comes from the Tactivation_time and Tactivation_time is the main delay contributor in both FR1 and FR2.

RAN2 LS discussion
Having addressed the initial question in the RAN2 LS in section 2.1.5, we next look at the rest of the questions in the LS from RAN2:
Then RAN2 would like to ask RAN1/RAN4 input on the ‘dormancy’ behaviour. 
[bookmark: _Hlk16621894]Q 2:  which part of latency can be reduced via the ‘dormancy’ behaviour and by how much?
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?
RAN2 also would like to ask RAN1/RAN4 input on temporary RS.
Q 4: which part of latency can be reduced via temporary RS and by how much?
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?
Question 2
Regarding question 2, RAN2 has also informed RAN4 about some further details related to the ‘dormancy’ behavior in the LS:
· The 'dormancy' behaviour implies that the UE stops monitoring PDCCH but continues other activities such as CSI measurements, AGC and beam management.
This basically means that it can be assumed that a cell in ‘dormancy’ behavior will always be categorized as a known SCell. Such categorization will reduce the Tactivation_time. Based on this we propose following reply:
Reply to Q2:
[bookmark: _Hlk16621915]Introduction of ‘dormancy’ behavior will ensure that an SCell in ‘dormancy’ will be categorized as a known SCell which reduces the Tactivation_time.
Question 3
From RAN4 point it is feasible to support ‘dormancy’. There are no technical reasons why ‘dormancy’ would not be possible to introduce. There would be RAN4 specification impact. However, requirements for an SCell in dormancy behavior could be captured in new section – but how to capture and define such requirements is difficult to analyze without further agreements. Based on this we propose following reply:
Reply to Q3:
[bookmark: _Hlk16621949]From RAN4 point of view is feasible to introduce ‘dormancy’ behavior. There would be RAN4 specification impacts, but if the ‘dormancy’ behavior requirements are similar to some existing requirements, such requirements could be used baseline for defining the ‘dormancy’ requirements.
Question 4
As concluded in the delay analysis the main delay in the activation delay in most cases comes from Tactivation_time and its dependency to SMTC. Introducing a temporary RS would mean that Tactivation_time no longer would be depending on the SMTC periodicity. This observation is true at least for known SCell case, while for unknown SCell case UE still need SSB for possible cell detection. 
However, introducing a temporary RS may help in significantly reduce the expected SCell activation delay by shortening the Tactivation_time.
RAN2 also asks how much it could be expected such RS could reduce the Tactivation_time. Such delay reduction would of course depend on the design of the RS. However, as the UE is performing CSI measurement, AGC tracking and beam management it can be expected that the reduction can be significant.
Based on this we propose following reply:
Reply to Q4:
[bookmark: _Hlk16622042]Introduction of a temporary RS will at least reduce the Tactivation_time. The exact reduction amount is difficult to estimate but is expected to be significant.
Question 5
From RAN4 point of view there it should be feasible to introduce requirements for such temporary RS to help SCell activation delay. The exact specification impact is likely to be contained within the sections addressing the SCell activation delay – i.e. section 8.3. In it simplest form such new requirement could be limited to defining new conditions for Tactivation_time and new values for Tactivation_time. Based on this we propose following reply:
Reply to Q5:
[bookmark: _Hlk16622084]From RAN4 point of view it should be feasible to introduce requirements for such temporary RS to help SCell activation delay. It is not expected to lead to big specification changes in RAN4.
In [2] we have a draft LS reply to RAN2.

RAN1 LS discussion
RAN1 has also sent LS to RAN4 raising following questions:
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. [bookmark: _Hlk16620896]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?

Question 1
As discussed in the SCell activation delay analysis, the main delay stems from the Tactivation_time. Providing the UE with an additional temporary RS after the SCell activation command can help in reducing the Tactivation_time. Our understanding is that providing the UE with such temporary RS would enable significant reduction in the SCell activation times as the Tactivation_time, would no longer be fully dependent on the SMTC period.
Based on this we propose following reply to question 1:
Reply to Q1:
Depending on the RS design, RAN4 expects that a significant reduction in the SCell activation delay is possible.
Question 2
Current SCell activation delay requirements are based on the LTE legacy requirements without many changes. The reason for the SCell activation delay is based on the fact that it was agreed during LTE discussions that the requirement would be based on UE responding to the network with a valid CSI report. 
The SCell activation delays are generic and includes the time needed for the UE to transmit HARQ feedback to the network, the delay needed for the UE to turn on the RF (if new RF branch needs to be activated), the time for the UE to measure CSI and some potential delay from reporting the CSI to the network.
Some devices may be able to activate an SCell earlier than the minimum requirement (Maximum latency allowed) and such UE would then be able to report a valid CSI report earlier – i.e. informing the network that the UE is ready for being scheduled.
One big difference between BWP switch and SCell activation is that BWP switch is always within the serving cell. I.e. there will not in normal conditions be a need for activating an additional RF branch on the UE side, which reduces the switch delay compared to SCell activation.
Additionally, BWP switch is not relying on CSI feedback from the UE before the BWP switch is considered finalized and UE is ready to be scheduled in the new activated BWP. BWP switch relies purely on a specified time delay for when the UE shall be able to operate (e.g. receive in DL) in the new BWP.
At least these two differences make a great difference as to why the SCell activation delay is longer than the BWP switch delay.
Looking at whether there would be any intra-band cases where the SCell activation and BWP switch, would be comparable, it is likely that there will be such cases. E.g. if considering FR2 intra-band CA an SCell activation should be very similar to operating BWP switching in the same band. Assuming the UE RF would not need to be activated (assuming that there is already one active serving cell in the FR2 band) the change of BWP (which may include change of center frequency) e.g from 20MHz to 40MHz should be rather similar to SCell activation activating a second 20MHZ SCell in addition to the already active SCell. However, procedure wise, the SCell activation includes UE performing CSI measurements and reporting these to the network. This is not done for BWP switch, where the network can assume that the UE is ready for scheduling after the BWP switch delay (although conservative MSC might need to be used as the network have no CSI report from the UE). In principle, in this case, it should be possible to have similar SCell activation delays and BWP switch delays.
Based on this discussion we propose following reply to question 2 to RAN1:
Reply to Q2:
[bookmark: _Hlk16621056]The current SCell activation delay requirements are based on LTE requirements updated to NR design. The delay includes HARQ transmission, potential need for the UE to on another RF branch, time for the UE to measure CSI and report the CSI to the network. BWP switch is within the serving cell and does not rely on UE CSI feedback. Hence the different requirements.
From RAN4 point an intra-band SCell activation in an FR2 band, where there is already an active serving cell, would be similar to a BWP switch.
In [4] we have a draft LS reply to RAN1.

Conclusion
In this paper we have addressed the two incoming LS’s from RAN1 [1] and RAN2 [2]. We have analysed the current SCell activation delay and identified the main activation delay component. Based on the analysis we have provided replies to the questions from both RAN1 and RAN2.
In [3, 4] we additionally provide draft LS’s to RAN1 and RAN2.
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