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Introduction
In RAN2-105 the issue of whether NR CA needs Dormant SCell state was briefly discussed but was deferred to RAN2-105bis. In this paper, we provide the reasons why the euCA type dormant SCell operation is not useful for NR.
Discussion

Motivation for Dormant SCell state in LTE euCA
To reduce the activation time in LTE CA, Dormant SCell state was introduced to eliminate the segment highlighted in red in the below figure.


Figure 1: LTE SCell activation timeline
As specified in RAN4, the UE needs 8 LTE sub-frames to bring-up the RF chain and align with the LTE SCell timing using the LTE CRS, and to be ready to receive PDCCH on the activated SCell. The UE would further need 16 to 26 sub-frames to report a valid CQI for this SCell.
Dormant SCell state applicability in NR
In NR, the dynamics are completely different. NR is designed to have faster CSI feedback, but also the flexibility that the reference signals (SMTC or CSI) are not transmitted all the time. So more time is spent on waiting for these reference signals. Figure 2 provides a very high level timeline, without taking into consideration the RAN1 specified K0, K1 values. 


Figure 2: NR SCell activation timeline
Observation 1: In LTE, the CSI acquisition and reporting time took more than two-third of the SCell activation time, and the time required for the UE to be aligned with the SCell timing and be ready to receive PDCCH was fixed at 8ms.
Observation 2: With dormant SCell state in LTE euCA, the CSI (CQI) acquisition and reporting time is not needed, as the NW already has the CQI info from the UE for the SCell. Dormant SCell state reduces at least 66% (75% or more in many cases) of the activation time by removing the need for CSI (CQI) reporting.
Observation 3: In NR, the time UE needs to bring up the RF and be aligned to the SCell timing, is variable and is dependent on the SMTC location in time with respect to when the SCell is activated. Beam alignment is also done in this time.
Observation 4: In NR, the fast CSI feedback feature is agreed in rel-15 which requires the UE to perform the CSI acquisition/reporting within 3 ms (depending on the subcarrier spacing used).
Observation 5: Dormant SCell in NR address the reduction/elimination of CSI reporting, which is only 3 ms, compared to the SCell timing alignment time which can be as high as 160ms. The savings with Dormant SCell in NR is meagre (~5%, 20% at best) compared to the power consumption hit at the UE, and compared to the used-up CSI (or SMTC) resources from the gNB for each of the deactivated SCells in each(or all) of the UEs. 
Table 1 shows potential delay reduction. In case of Rel-15, we assume the delay is 8ms (activation)+ Xms( SMTC alignment) + 3ms (CSI acquisition/reporting), which in case of dormant SCcell case, we assume the delay is  8ms (activation)+ Xms (SMTC alignment). 
Table 1: potential delay reduction
	SMTC periodicity (X)
	Rel-15

	Dormant cell
	Delay redution

	5
	16ms
	13ms
	18 %

	20
	31ms
	28ms
	9.6%

	40
	51%
	48ms
	5.8%

	80
	91ms
	88ms
	3.3%



Proposal 1: LTE euCA Dormant SCell operation is not supported for NR.
Possible Enhancements for faster NR SCell activation
Provision of additional reference signals by the NW
The big gains in reduction of NR SCell activation delay is in reducing the time UE takes to align with the SCell timing. To reduce this time, instead of spending power and resources during the deactivated state of SCell, we can try to pursue the option of NW providing the needed reference signals as soon as the SCell is activated, after allowing for the necessary RF bring-up time at the UE. 
Right after the activation time, after giving the necessary time for the UE RF to be ready, the NW can provide SMTC ref signal to the UE, and/or other reference signals that helps the UE sync to the SCell timing faster. 
Note that per release-15 specification, the UE is already required to measure the deactivated SCell periodically and that such measuring of the deactivated SCell does not result in the UE keeping track of the SCell timing always. This can be inferred from the TS38.133 where RAN4 has provided the timing requirements for the UE in case the UE does not have the timing information of the SCell, even with periodical measurement of this deactivated SCell.
If RAN2 wants to pursue the option of NW providing the necessary reference signals to the UE to assist in faster timing alignments with the SCell, RAN2 would require RAN4 and RAN1 input on the type of the reference signal needed, as well as the timing requirements on when these reference signals can be provided to the UE after activation. An LS can be sent to RAN1/4 in this regard.
Observation 6:  If RAN2 wants to pursue the option of NW providing the necessary reference signals to the UE to assist in faster timing alignments with the SCell, RAN2 would require RAN4 and RAN1 input on the reference signal needed, as well as the timing requirements on when these reference signals can be provided to the UE after activation. 
Proposal 2: RAN2 to discuss if it is beneficial for NW to provide reference signals to the UE after the SCell activation, in order to achieve faster timing alignments.
Activation of SCells in Intra-band CA and SCells which do not have SSB
There are still some scenarios where the UE already has the timing information of the ‘to be activated’ SCell(s):
· If the SSB is not configured for the SCell, the PCell in the same band can provide the timing information, in which case the activation delay can be significantly reduced
· If the SCell is part of the same intra-band contiguous CA with the PCell, the same PCell timing can be used here as well, as long as the deployment uses the same timing across all the cells. This would be similar to expanding the BW of the operating cell, just that the expanded bandwidth would be viewed a separate serving cell.
Both of these cases require input from RAN4 on the validity of whether the activation time can be reduced or not. RAN2 can send an LS to RAN4 enquiring this.
Observation 7: In cases where the PCell can provide the timing for the SCells (SSB less SCells or intra-band contiguous CA in synchronous deployment), there is a possibility to reduce the CA activation time.  This requires input from RAN4.
Proposal 3: RAN2 to discuss if an LS can be sent to RAN4 enquiring on the possibility of reducing CA activation time for SCell which use the PCell as the timing reference (SSB-less SCells or synchronous intra-band contiguous CA etc.)
Conclusion and proposals
In this contribution, we discussed three approaches with respect to SCell activation. 
Observation 1: In LTE, the CSI acquisition and reporting time took more than two-third of the SCell activation time, and the time required for the UE to be aligned with the SCell timing and be ready to receive PDCCH was fixed at 8ms.
Observation 2: With dormant SCell state in LTE euCA, the CSI (CQI) acquisition and reporting time is not needed, as the NW already has the CQI info from the UE for the SCell. Dormant SCell state reduces at least 66% (75% or more in many cases) of the activation time by removing the need for CSI (CQI) reporting.
Observation 3: In NR, the time UE needs to bring up the RF and be aligned to the SCell timing, is variable and is dependent on the SMTC location in time with respect to when the SCell is activated. Beam alignment is also done in this time.
Observation 4: In NR, the fast CSI feedback feature is agreed in rel-15 which requires the UE to perform the CSI acquisition/reporting within 3 ms (depending on the subcarrier spacing used).
Observation 5: Dormant SCell in NR address the reduction/elimination of CSI reporting, which is only 3 ms, compared to the SCell timing alignment time which can be as high as 160ms. The savings with Dormant SCell in NR is meagre (~5%, 20% at best) compared to the power consumption hit at the UE, and compared to the used-up CSI (or SMTC) resources from the gNB for each of the deactivated SCells in each(or all) of the UEs. 
[bookmark: _GoBack]Observation 6:  If RAN2 wants to pursue the option of NW providing the necessary reference signals to the UE to assist in faster timing alignments with the SCell, RAN2 would require RAN4 and RAN1 input on the reference signal needed, as well as the timing requirements on when these reference signals can be provided to the UE after activation. 
Observation 7: In cases where the PCell can provide the timing for the SCells (SSB less SCells or intra-band contiguous CA in synchronous deployment), there is a possibility to reduce the CA activation time.  This requires input from RAN4.
Based on observations, we propose the following. 
Proposal 1: LTE euCA Dormant SCell operation is not considered for NR.
Proposal 2: RAN2 to discuss if it is beneficial for NW to provide reference signals to the UE after the SCell activation, in order to achieve faster timing alignments.
Proposal 3: RAN2 to discuss if an LS can be sent to RAN4 enquiring on the possibility of reducing CA activation time for SCell which use the PCell as the timing reference (SSB-less SCells or synchronous intra-band contiguous CA etc.)


image1.emf
n+8ms

16 (n+24) to 26 (n+34)ms to read the CRS and report CQI

In LTE:

RF-up time

Time needed for the UE to measure and report CQI

Dormant SCell operation save this time

MAC CE with 

activation at ͚n͛


Microsoft_Visio_Drawing1.vsdx
n+8ms
16 (n+24) to 26 (n+34)ms to read the CRS and report CQI
In LTE:
RF-up time
Time needed for the UE to measure and report CQI
Dormant SCell operation save this time
MAC CE with activation at ‘n’



image2.emf
To read SMTC and sync with SCell timing

3-5ms

Upto 80ms

SMTC SMTC

SCell 

activation 

MAC CE or 

DCI

NW can provide the CSI for 

measurement

UE reports 

CSI

In NR:

Dormant SCell operation 

save this time


Microsoft_Visio_Drawing2.vsdx
To read SMTC and sync with SCell timing
3-5ms
Upto 80ms
SMTC
SMTC
SCell activation MAC CE or DCI
NW can provide the CSI for measurement


UE reports CSI
In NR:

Dormant SCell operation save this time



