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1 Introduction

Component Carrier activation and deactivation was discussed in the last meeting and in the email discussion [68#23] several details of how and when to activate and deactivate UL and DL component carriers were evaluated. In our understanding for the discussion it is at first necessary to clarify whether a separate activation and deactivation step for component carriers is necessary respectively beneficial from power saving point of view. This contribution provides a discussion and analysis of potential power saving gains when introducing a separate CC activation procedure.

2 Discussion
Currently it is RAN2 assumption that component carriers are configured by means of RRC signalling. It is now under discussion if there is an additional activation/deactivation step to the configuration of the component carriers. In order to have PDCCH/PDSCH reception on a DL component carrier and a PUCCH/PUSCH transmission on an UL component carrier the respective component carrier needs to be configured and activated.
Assuming such mechanisms, the following component carrier states can be identified:
· Non-configured

· Configured and non-activated

· Configured and activated

In order to justify an additional activation / deactivation step the differences between a configured and non-activated state and the configured and activated state need to be clear and there need to be benefits in having the additional configured and not-activated state.
When comparing several aspects for DL component carriers the following table of DL component carrier states can be defined.

	State
	RSRP/RSRQ measurement
	CQI-like measurement
	PDSCH + PDCCH reception

	A
	Off
	Off
	Off

	B
	On
	Off
	Off

	C
	On
	On
	Off

	D
	On
	On
	On


While state A represents a non-configured DL component carrier and state D represents a configured and activated DL component carrier the states B and C are possible configurations of a configured but non-activated DL component carrier, the difference being primarily the presence of CQI-like measurements.
2.1 RSRP/RSRQ measurements versus CQI-like measurements for deactivated component carriers
The main reason for introducing a deactivated but configured component carrier state is power saving. Hence, activity of RF and baseband parts of the UE should be set to a minimum in this state. We assume that UE performs RSRP/RSRQ measurements every 200 ms similar to [1] on a configured but deactivated component carrier. For additional CQI-like measurement the UE would be required to perform much more frequent measurements for that component carrier. Considering measurement frequency and processing for CQI-like measurements we presume that they are more power consuming than RSRP/RSRQ measurements.
Considering the increased power consumption for CQI-like measurements we assume measurement for RSRP/RSRQ only for a configured but deactivated component carrier. Hence, in the following, we only consider state B as the configured but deactivated state.
2.2 Traffic scenarios
It is assumed that the reason for configuring several component carriers for a UE is to transport larger amounts of data within a shorter period of time. This is encompassing non-time critical bursty traffic as created by HTTP or FTP transmissions. RAN2 agreed on a common DRX scheme for all component carriers in the RAN2#68 meeting. Not considering an additional activation/deactivation step this would mean that all configured DL component carriers are available for scheduling by eNB during the active time of the DRX cycle. Since it is assumed that eNB will configure UE’s DRX cycle fitting the current data traffic situation this is the favoured behaviour for the traffic scenario described above.
A different picture shows when additionally to the bursty traffic described in the previous paragraph UE handles another DL data flow consisting of i.e. VoIP traffic which is handled by semi-persistent DL assignments.
In this traffic scenario we assume that two component carriers are aggregated for handling the non-delay critical data. Due to the common DRX scheme both component carriers would need to stay active for the configured DL assignments as well even though data is only scheduled for the one component carrier that is scheduled for the VoIP.
This traffic scenario is visualized in the figure below.
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If there is no additional activation/deactivation step all configured component carriers, CC2 in the figure above have to follow the traffic pattern of the special carrier with the configured DL assignments.

If there is an additional activation/deactivation step then additional component carriers are only activated for data transmission of the bursty non-time critical traffic and deactivated afterwards. In the hatched time periods of  CC2 in the figure above CC2 would not be active.
Assuming a configured DL assignment for the special carrier (CC1 in the figure) every 20 ms including two active subframes the UE’s RF and baseband part is active for 10% of a period of 200 ms and off for the remaining 90 % .
For all other configured component carriers, if not scheduled, the UE only needs to perform RSRQ/RSRP measurements. This means that the RF/BB part needs to be on for one subframe every 200 ms as discussed above. This means an ON-time of 0.5% within the 200 ms for the RF and baseband part for these component carriers. Respectively, the UE can turn the RF/BB part off for the remaining 99.5 % of that timeframe.
The following table compares the on/off relation of the RF and baseband part of the UE with and without having an additional activation/deactivation step.
	Number of configured component carriers
	With activation/deactivation
	w/o activation/deactivation

	
	RF/BB on
	RF/BB off
	RF/BB on
	RF/BB off

	2
	5.25%
	95.75%
	10%
	90%

	5
	2.4%
	97.6%
	10%
	90%


Above shown power saving gain is only achieved for the time periods when CC aggregation is configured but only one component carrier (the special carrier) is used for data transmission due to the current traffic characteristics. The time period where power saving can be achieved by introducing a separate component carrier activation/deactivation step is Tpowersaving=Tconfig-Tactive as shown in the figure above.
It should be noted that the actual amount of the power saving gain is furthermore determined by the frequency and the duration of the component carrier aggregation which depends on the scheduling strategy and traffic pattern and is therefore hard to predict. 
3 Conclusions
This contribution shows that there is a power saving gain by introducing a separate activation/deactivation step for configured (i.e aggregated) component carriers when considering a certain traffic scenario which consists of a simultaneous VoIP flow and a non-delay critical bursty traffic flow. The gain stems from the fact that during those time periods for “configured but deactivated component carriers” only RSRP/RSRQ measurements need to be done (once every 200ms) whereas in case there is no “configured but deactivated” state, all configured carriers follow the common DRX pattern, i.e. governed by traffic on the anchor carrier. Therefore the RF/BB chains of the non-anchor carriers can be switched off for a longer time for configured by deactivated CCs. 
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