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1
Introduction
One of the two objectives of the euCA WID [3] is:

	· Reduced delays in Scell set-up, including shorter Scell configuration delay after UE moves from idle to connected by addressing the following aspects:

· Measurements on Scell candidates (e.g. network assistance in identifying Scell candidate carriers, and best effort UE measurements for Scell candidates),

· Measurement reporting (e.g. utilize UE’s earlier idle mode measurements for configuring Scell),

· Scell configurations and activations (e.g. the network could immediately configure Scell for CA without additional measurements when UE’s earlier idle mode measurements are available for setting up Scell)




In the previous RAN2#99 meeting, the following agreements were reached related to delay reduction for SCell set-up [5]:

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. 
In this paper, we will discuss mainly on Agreement #2, assessing the advantages and disadvantages of having SCells directly in activated state after RRC reconfiguration.
2
Faster SCell activation
2.1 
Classification of faster Scell activation schemes
In RAN2#99 meeting, one discussion point that remained open was whether the SCell should be in active state at RRC reconfiguration. In the meeting, few options were discussed, but without many details:

1. In [6], [7] and [8] it was proposed to consider SCell activation directly at SCell configuration. Similarly, in [10] it is proposed to consider that an SCell could be activated at HO when SCells are configured as part of UE configuration, which is a form of SCell activation during configuration.
2. In [9] it was proposed to have a new SCell state without PDCCH monitoring to enable faster SCell activation. 
3. In [11] it was proposed not to introduce direction activation, while in [12] it is proposed to use UL signals to indicate SCell readiness to eNB.
In the following, we discuss the pros and cons of each of these proposals.
2.2 
SCell activation directly at SCell configuration
Introducing the option to activate SCell directly upon configuration to speed up the SCell setup. 

In RAN2#99 it was agreed that UE can be indicated an inter-frequency carrier to measure during the idle state. The topic of activating SCells directly at configuration was also discussed, but no agreements were made. 
The question of direct activation is related to the availability of measurements: Since the measurements are typically the most time-consuming part of setting up the CA configuration, configuring SCells based on measurements (as is done in normal CA operation) does not present a clear reason to configure SCell in inactive state. The original reason for configuring SCell in deactivated state in Rel-10 was that it seemed simpler to RAN2, and it was assumed the transition between activated and deactivated states could be done very fast. However, as the work during Rel-10…Rel-14 CA shows, this turned out not to be the case. Therefore, having the option to configure SCell directly to activated state would be logical to speed up the activation.
From RAN2 perspective, the key question is one of timing: When is the UE able to utilize the activated SCell? When the first CQI report is sent, or even earlier? In the end, this boils down to both RRC processing requirements (i.e. the RRC processing requirement is 20ms for adding an SCell), as well as to RAN4 requirements. 
From RAN4 perspective, this would require some new RAN4 performance requirements for “configuring activated SCell”. However, this is expected to be similar to PSCell addition, since PSCells in LTE DC are always added in activated state.

	Direct SCell activation

	Pros
	Cons

	+ The SCell would be ready for use sooner. This would mean higher user perceived throughput as well as reduced latency. 
+ No additional SCell activation delay.
	- UE would start monitoring PDCCH and measuring the SCell, even if there is no traffic served via the SCell, which could increase UE power consumption. 




On the argument that the power consumption would be increased, already now any SCell can be activated blindly. The network would not normally configure the SCell in activated state if there is no intention to use it immediately. Alternatively, the SCell could be later deactivated if seen not needed (either explicitly with MAC signalling or with sCellDeactivationTimer, as per usual Rel-10 methods). Further, it is not often possible to know how much traffic would be served by the UE, but in general, the faster a UE is served the better, and the higher the data rate, the better. Therefore, the benefits of configuring a high data rate tend to overweigh the potential drawbacks in the long run.
Observation 1: It would be beneficial to have the option to activate an SCell directly at SCell configuration.  
2.3
SCell state without PDCCH monitoring
In [9] it was proposed that a new fast SCell activation state without PDCCH monitoring would be introduced. The assumption in [9] was that this would reduce activation delay, but the exact numbers for that were not shown, and neither was the performance in terms of power consumption. This approach seems envisaged as an improvement not only to the existing overall SCell setup delay (measurements, configuration and activation), but also in particular to the SCell activation delay (i.e. even in connected mode transitions between from power saving state to activated state would be faster). I.e. this would be improving one key limitation of the current SCell management in LTE. During this state, UE would measure the SCell, but not monitor it if no traffic is on-going with small cell. It was also proposed that UE could provide some form of CQI while in this state, but the details were missing.
There are some open questions on the scheme:

· How much would not monitoring PDCCH affect the power consumption?

· How fast would the state transition between the new state and activated SCell state be?

· How would a CQI be defined for the PDCCH-less SCell state (if that is to be a part of the scheme)?

· How would the new state impact RRM measurements? Would the same SCell measurement DRX-cycle be used with the same requirements as for regular deactivated SCell measurements?

· When SCell is setup, can it be in PDCCH-less state?

· How would the signalling for changing between the SCell states be defined? Could e.g. a new MAC CE be used?

Observation 2: There are several open questions with the proposed PDCCH-less SCell state.

The new SCell activation state is in a sense a form of DRX, letting the UE know when and when not to monitor the PDCCH. Of course, there is a trade-off between power consumption and latency (i.e. SCell access delay). Comparing the option of having activated SCell state without PDCCH monitoring directly at configuration vs. having activated SCell state directly at configuration, the negative side of the latter is increased access latency, while the positive side is better UE power consumption. Compared with legacy (i.e. deactivated SCell), the new scheme has shorter access delay but with increased UE power consumption. 
Observation 3 The benefits the new state of fast SCell activation without PDCCH monitoring compared to regular SCell activation from deactivated state depend on the power consumption impacts and how much the SCell activation delay would be reduced.
Therefore, some assessments of the benefits would be needed to better understand the achievable gains from this proposal. Specifically, L1 signalling was proposed to be used, which would be a radical departure from how the SCell activation/deactivation has been done so far. However, if the new state accomplishes the main benefits via reduction of PDCCH monitoring, MAC CEs could also be used. 
There are two main alternatives to signal UE to transition to/from this new state:

· MAC-level indication, which is aligned with the current SCell activation/deactivation. This option would require definition of a new MAC CE in TS36.321. From RAN2 point of view, this is simpler since it is within the WID scope and doesn’t require any work in RAN1.
· L1 indication: This option would require RAN1 work. To do this, RAN2 should first assess the requirements from the signalling to allow RAN1 to even consider whether the effort required would be small or large. 
Considering the delay difference between MAC CE and L1 signalling, theoretically L1 signalling is faster. L1 signalling theoretically can happen within 1 TTI, but likely requires also some time for processing the command. There is also no feedback loop back to eNB, e.g. HARQ ACK, to let eNB know whether the signalling was successful. This might require some repetitions to ensure the signalling is received correctly. Further, the MAC CE delay is ~8 TTIs, whereas the L1 signalling could be ~4 TTIs, which would be 50% reduction in activation time. However, while the relative number is small, it is not clear whether 4ms saving would help unless the SCell activation time would also be much faster.
	PDCCH-less SCell state

	Pros
	Cons

	+ SCell activation could be faster.

+ Potentially better UE power consumption in PDCCH-less state.

+ For MAC signalling, only RAN2 impacts

	- If L1 PDCCH signalling used, requires work in RAN1
- Definition of CQI is unclear




Observation 4: L1 signaling would impact RAN1, which is not in the current WID scope. Any RAN1 impacts would require both LS to RAN1 as well as modification of the WID in RAN.
2.4
Retain legacy activation of SCells
In [8], it was proposed that an SCell could be directly activated at configuration, like is already possible with PSCell configuration. However, in [11] it is proposed that no direct SCell activation is needed, raising as one main concern that for UE would be difficult to derive the exact timing for applying CSI reporting for SCell and start sCellDeactivationTimer considering the time required for transmitting/decoding/processing of RRC message for SCell addition. However, every single RRC message carries an RRC processing time, but UE can still apply the configuration faster. Hence, from eNB viewpoint the UE has applied the configuration from RRC after N ms already now. Hence, this concern is not completely valid and we don’t see any confusion with sCellDeactivationTimer different from already existing MAC CE approach.

Observation 5: The RRC configuration already has some timing ambiguity in the form of RRC processing delay, even for PHY parameters that affect UE L1 behaviour.
	Keep legacy SCell activation behaviour

	Pros
	Cons

	+ Legacy behaviour kept (no need for change, so no new state is needed)


	- Legacy behaviour (keeping legacy behaviour is restricting also the possibility to have an improved fast small cell access)

- Increased UE power consumption

- NW does not have real option to expedite the access to small cells




2.5
Conclusions
Based on the discussion above, we can summarize the pros and cons as follows:

	Proposals
	Pros
	Cons

	SCell activation directly at SCell configuration
	+ The SCell would be ready for use sooner. This would mean higher user perceived throughput as well as reduced latency. 

+ No additional SCell activation delay.
	- UE would start monitoring PDCCH and measuring the SCell, even if there is no traffic served via the SCell, which could increase UE power consumption. 

	SCell activation directly at SCell configuration, without PDCCH monitoring
	+ SCell activation could be faster.

+ Potentially better UE power consumption in PDCCH-less state.

+ For MAC signalling, only RAN2 impacts


	- If L1 PDCCH signalling used, requires work in RAN1

- Definition of CQI is unclear



	Keep Legacy SCell state
	+ Legacy behaviour kept (no need for change, so no new state is needed)


	- Legacy behaviour (keeping legacy behaviour is restricting also the possibility to have an improved fast small cell access)

- Increased UE power consumption

- NW does not have real option to expedite the access to small cells




Based on this, we proposed that:

Proposal 1: The RAN1 impacts and benefits of the PDCCH-less SCell should be clarified before progressing with the work. If RAN1 work is needed, an LS to RAN1 would be needed to assess the amount of work.
Proposal 2: PDCCH-less state with MAC CE signalling to be progressed in RAN2.
Proposal 3: The eNB may configure a SCell to be directly in active state at RRC reconfiguration. 

3
Conclusions
In this contribution, we have discussed on how the faster activation of SCell could be done. We have observed the following when comparing the proposed solutions:
Observation 1: It would be beneficial to have the option to activate an SCell directly at SCell configuration.  
Observation 2: There are several open questions with the proposed PDCCH-less SCell state.

Observation 3: The benefits the new state of fast SCell activation without PDCCH monitoring compared to regular SCell activation from deactivated state depend on the power consumption impacts and how much the SCell activation delay would be reduced.
Observation 4: L1 signaling would impact RAN1, which is not in the current WID scope. Any RAN1 impacts would require both LS to RAN1 as well as modification of the WID in RAN.
Observation 5: The RRC configuration already has some timing ambiguity in the form of RRC processing delay, even for PHY parameters that affect UE L1 behaviour.

Based on these, we propose the following: 

Proposal 1: The RAN1 impacts and benefits of the PDCCH-less SCell should be clarified before progressing with the work. If RAN1 work is needed, an LS to RAN1 would be needed to assess the amount of work.
Proposal 2: PDCCH-less state with MAC CE signalling to be progressed in RAN2.
Proposal 3: The eNB may configure a SCell to be directly in active state at RRC reconfiguration. 
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