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[bookmark: OLE_LINK1][bookmark: OLE_LINK2]1	Introduction
In the RAN2 #99 meeting, there is some progress on reducing SCell setup delay.

Agreements:
1	UE can be indicated an inter-frequency carrier to measure during the idle state. The inter-frequency measurement operation and requirement is FFS. How fast to report the measurement is FFS. The security issue of report is FFS.
2	It is FFS on whether configuring a SCell to be directly in active state at RRC reconfiguration. 


And in last RAN2#99bis meeting, there was an initial discussion on part of the potential solutions. In this document, we analyse the SCell activation procedure in current specification and identify the main issue which seems are not reached a consensus in the email discussion. And possible enhancements are also provided and the left FFS on whether configuring a SCell to be directly in active state at RRC reconfiguration is also discussed. Compared to previous document, the document is revised to elaborate the solutions, according to the latest progress and the email discussion.
2	Discussion
2.1	Analysis on SCell Activation Delay
In LTE, the initial state of SCell (after addition handover) is deactivated. And a MAC CE is used to activate the SCell after the addtion of SCell. In LTE the application of CSI reporting for SCell and start of sCellDeactivationTimer for SCell activation have exact timing relation with the timing when the activation command is received as shown below in [2] :
	[bookmark: OLE_LINK8][bookmark: OLE_LINK9]When a UE receives an activation command [8] for a secondary cell in subframe n, the corresponding actions in [8] shall be applied no later than the minimum requirement defined in [10] and no earlier than subframe n+8, except for the following:
-	the actions related to CSI reporting 
- 	the actions related to the sCellDeactivationTimer associated with the secondary cell [8] 
which shall be applied in subframe n+8. 



Then upon reception of activation command, the UE shall be able to report valid CSI report before N+24 or N+34 depend on the time to get a valid resource for CSI measurement report, whether the SCell being activated remained detectable and the time spent on RF re-tuning, where N is the subframe when the activation command is received as shown in the following figure1:


Figure1: SCell activation delay in LTE
The network could only ensure the UE has completed the activation and start to schedule the UE after receives the valid CSI-RS report. The 24/34ms delay is based on the assumption that the SS signal is transmitted with 5ms periodicity and CRS is transmitted continuously.
Observation 1: The anticipated gains have decreased due to longer state transition times during Activation of SCells.
2.2	Possible enhancements for improving the delay and interruption 
2.2.1	Setting the initial state of SCell as activation state 
If the initial state of SCell is changed to activation state, it is difficult for the UE to derive the exact timing for apply of CSI reporting for SCell and start of sCellDeactivationTimer considering the time required for transmitting/decoding/processing of RRC message for SCell addition is more implementation based. For example if we rely on RRC Reconfiguration or RRC Reconfiguration Complete as timing reference for activation timing derivation, the RRC layer of receiver needs to firstly decode the RRC message and ask RLC/MAC to find timing reference of first segment of this message, and based on timing reference the receiver could calculate the CSI code book change time. It will be more complexity if the involved packets were re-transmitted by RLC or HARQ. This issue is different from the issue arise in case that every single RRC message carries an RRC processing time, but UE can still apply the configuration faster, proposed in [3]. This issue involves the interaction between the RRC layer and MAC layer. However, some improvements can solve the issue. 
The crucial issue is related to the original motivation of configuring setting the initial state of SCell in inactive state. In R10, the motivation was that in the Hetnet scenarios where the component cells may have different coverages, the SCell can be re-configured firstly without activation and can be activated when the coverage is available and more data is arriving. From this point of view, configuring the initial state as either active or inactive state benefits different use cases and scenarios. It is more reasonable to indicate the specific cell state via network configuration, rather than a fix state, at SCell configuration.
Additionally, even if the initial state of SCell is set to activation state, there is no helpful for the delay of SCell activation during the UE is in CA mode. Hence, only this solution cannot actually solve the delay issue caused by the SCell activation at all.
Observation 2: only the solution for initial SCell state setting cannot actually solve the delay issue caused by the SCell activation at all.
Proposal 1: It is more reasonable to indicate the specific cell state as either active or inactive state via network configuration, rather than a fix state, at SCell configuration.
2.2.2 	Introducing new transition state [4]
In the document [4], it introduced a new transition state within SCell active state where UE is not required to monitor SCell PDCCH, but can continue to report SCell CQI and/or SRS at low periodicity to keep track of UE SCell and provide periodic updates to eNB about SCell status. 
The activation delay reduction achieved by the new state is through the low periodicity CSI measurement and report, as claimed in [4]. Firstly, the validity of history CSI report is still not clear depending on the reply from RAN4 or RAN1 on the specific value range of valid CSI periodicity. Secondly, in the eNB implementation, the eNB can start scheduling the SCell, after n+8 and after the eNB received the HARQ ARQ of the SCell activation MAC CE, in a relative low MSC mode. The accurate MSC mode can be applicant to the UE after the eNB received the CQI report from the UE. In this way, the gain of activation delay reduction is not so obvious. Furthermore, a new state will increase huge complexities, e.g. L2 or L1 state change control signalling, in the specification and also UE implementation.
Observation 3: Compared to the activation state, this new state only allows saving power on a deactivated Secondary Serving Cell due to reduced baseband processing (PDCCH & PDSCH), which benefit is limited, while the gain of activation delay reduction is not so obvious with extra complexity compared to the implementation solutions.
2.2.3 	Reducing the delay of SCell activation
As illustrated above, the delay mainly caused by three aspects: 
a) the time to wait for a valid resource for CSI measurement report 
b) the time for RF re-tuning
c) Whether the SCell being activated remained detectable
Obviously, how to reduce the time for RF retuning is more depends on the UE implementation and how to reduce the time to detect a cell is out of the scope of the WI. Therefore, the following sections will focus on how to reduce the time to wait for a valid resource for CSI measurement report.
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Figure2: Reducing SCell activation delay
The UE is enabled to timely notify the network that it is ready to use the activated SCell by sending uplink signal in a short period, e.g. SRS or CQI reporting in 1ms periodicity, to the serving cell. When the serving cell receives the SRS, it acknowledges that the UE has prepared and scheduling the UE afterward. And the period of the SRS could be set to be UE specific and the minimum value is set to be one scheduling unit. This scheme is characterized as the follows:
· Sending the CQI reporting in short period is the preferred option when the UL resource is allowed;
· Sending SRS is a kind of supplement solution of sending short periodicity CQI report to notify the eNB that the SCell is ready when there is no available CQI reporting resource. The eNB can start scheduling the SCell in a relative low MSC mode after it received the SRS. And the accurate MSC mode can be applicant to the UE after the eNB received the CQI report from the UE.
· To avoid the load of PUCCH resource, the short period of the SRS/CQI reporting resource could be only available upon receiving the SCell activation command and be disabled after the eNB scheduling the UE on the activated SCell.

Therefore, this solution will not bring much work on the specification and implementation. But the small specification impact exists. On the other hand, we don’t think CQI computation need spend too much time, as claimed by other company. The most part of CQI measurement is used to perform the coarse and fine time and frequency synchronisation. And the relax RRM measurement is still applied in the deactivated SCell. In the UE implementation, the result of the coarse and fine time and frequency synchronisation in RRM can be reused in CQI measurement in some cases. Moreover, there is a limitation of aperiodic CQI trigger is that it must be used when the cross-carrier scheduling is enabled. Hence, it is proposed:
Observation 4: this solution of enhancing the existing SCell activation will not bring much work on the specification and implementation.
Observation 5: CQI computation doesn’t spend too much time, while the most part of CQI measurement is used to perform the coarse and fine time and frequency synchronisation. And the result of the coarse and fine time and frequency synchronisation in RRM can be reused in CQI measurement.
Observation 6: there is a limitation of aperiodic CQI trigger is that it must be used when the cross-carrier scheduling is enabled.
Proposal 2: The UE is enabled to timely notify the network that it is ready to use the activated SCell by sending uplink signal, e.g. CQI reporting or SRS (as supplement), to the serving cell.
Proposal 3: the short period of the SRS/CQI reporting resource could be only available upon receiving the SCell activation command and be disabled after the eNB scheduling the UE on the activated SCell.
3	Conclusions
Observation 1: The anticipated gains have been decreased due to longer state transition times during Activation of SCells.
Observation 2: only the solution for initial SCell state setting cannot actually solve the delay issue caused by the SCell activation at all.
Observation 3: Compared to the activation state, this new state only allows saving power on a deactivated Secondary Serving Cell due to reduced baseband processing (PDCCH & PDSCH), which benefit is limited, while the gain of activation delay reduction is not so obvious with extra complexity compared to the implementation solutions.
Observation 4: this solution of enhancing the existing SCell activation will not bring much work on the specification and implementation.
Observation 5: CQI computation doesn’t spend too much time, while the most part of CQI measurement is used to perform the coarse and fine time and frequency synchronisation. And the result of the coarse and fine time and frequency synchronisation in RRM can be reused in CQI measurement.
Observation 6: there is a limitation of aperiodic CQI trigger is that it must be used when the cross-carrier scheduling is enabled.
Therefore, we kindly propose that:
Proposal 1: It is more reasonable to indicate the specific cell state as either active or inactive state via network configuration, rather than a fix state, at SCell configuration.
Proposal 2: The UE is enabled to timely notify the network that it is ready to use the activated SCell by sending uplink signal, e.g. CQI reporting or SRS (as supplement), to the serving cell.
Proposal 3: the short period of the SRS/CQI reporting resource could be only available upon receiving the SCell activation command and be disabled after the eNB scheduling the UE on the activated SCell.
4	References
[1] [bookmark: _Ref487201889]RP-170805, New WID: enhancing LTE CA utilization, Nokia, Alcatel-Lucent Shanghai Bell;
[2] TS 36.213, Evolved Universal Terrestrial Radio Access (E-UTRA); Physical layer procedures.
[3] [bookmark: _Ref498681559]R2-1710997	Faster activation for Scells	Nokia, Nokia Shanghai Bell	
[4] [bookmark: _Ref488329202]TS 36.133, Evolved Universal Terrestrial Radio Access (E-UTRA); Requirements for support of radio resource management.
[5] [bookmark: OLE_LINK13][bookmark: OLE_LINK14][bookmark: _Ref494454606]R2-1707787	Fast SCell activation for enhanced CA utilization	Qualcomm India Pvt Ltd
[6] [bookmark: _Ref498681448]R2-1710997	Faster activation for Scells	Nokia, Nokia Shanghai Bell	
3GPP
Microsoft_Visio_2003-2010_Drawing1.vsd
Activation Command


N


N+8


CSI code book change


Valid CSI report for the SCell


Before N+24 or N+34


RF re-tuning,  Scell synchornization, AGC setting, implement margin


Start to schedule on the SCell



image2.emf
UE

PCell

Activation 

command

n n+8

Minimum CSI 

reporting

n+m

Uplink 

Indication

n+24/34

SRS/CSI Period is shortened

to be 1ms or 1 sTTI


image3.emf
Serving cell UE

RRCConnectionReconfiguration

Fast activation indication

SCell activation command

SCell activation 

procedure

Uplink indication

[To Scell/PCell]

Scheduling


image1.emf
Activation Command

N

N+8

CSI code book change

Valid CSI report for the SCell

Before N+24 or N+34

RF re-tuning,  Scell synchornization, AGC setting, implement margin

Start to schedule on the SCell


