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1. Introduction
In the last meeting, the topic of carrier activation / de-activation has been discussed but no agreement was reached. There are several questions about this issue as below:
1. Whether we need carrier activation / de-activation or not?

2. If we need carrier activation, which kind of signaling is used? (e.g. PDCCH, MAC CE or RRC signaling)
3. How can carrier activation worked with DRX?
In this contribution we discuss and analyze all these questions and give our proposals.
2. Discussion
In this part we give some analysis on the carrier activation / de-activation from the aspects of the requirement, the signaling way, and the inter-working with DRX.
2.1. The requirement
With the introduction of carrier aggregation, UE in connected mode can work on multi-carriers. The configured carrier number is decided by the factors as below:

1. The  aggregated-able carriers number supported by network;

2. The multi-carriers capability of UE;

3. The total QoS requirement of UE’s ongoing services.

In our understanding, eNB should configure the minimum carrier number according to the above three factors. For example, if network supports 4 carriers aggregation, and UE only has three-carrier-aggregated capability, and the services applied by UE only needs 2 carriers, in order to save UE’s power consumption, the configured carrier number should be 2.
If there is service change for UE, such as adding new DRB or deleteing one DRB, which changes the UE’ total service QoS requirement, eNB should reconsider the configured carrier number.
Proposal 1: The configured carrier number for UE should not overtop the carrier-aggregated capability and the QoS requirement.

In the traffic mode of data burst type, such as FTP or web-browsing, the data amount of the ongoing transmission is varied very large and sometime the parsing time is not very small. From [5], we can see the reading time D (parsing time) is 180 seconds for FTP mode and 30 seconds for HTTP mode. So considering the long parsing time, if UE always is active to receive data and monitor scheduling, it is not good for power saving. In order to avoid the case that all carriers are active but only a few or no data transmission happen, we think there are 3 methods as below:
1. eNB adds/deletes some configured carriers according to the statistical transmitted data amount, and the carrier set is reconfigured by RRC reconfiguration signaling, which is the idea of [4];
2. eNB actives /de-actives some configured carriers according to the statistical transmitted data amount, UE will enter the inactive state on the carrier when received de-active command, and re-enter the active state when received the active command;
3. The DRX operation can reach the target, which is some carriers are active but others are inactive when the traffic data amount is small.
Comparing the above three methods, the 1st method is reusing current RRC signaling, but the same radio resource will be configured to UE again and again and the HARQ entity will be reset repeatedly when the carrier is deleted and then added, which is not necessary. In additional, the UE will not monitor the radio link quality on the deleted carrier. The 2nd method can fit for non-DRX mode, 3rd method is dependent on the DRX design, if DRX design can work well to meet the target, it is not necessary for eNB to active/de-active carriers. 
Considering the carrier activation/de-activation is good for power saving which is not depended on the DRX design, so we propose:

Proposal 2: The carrier activation/de-activation mechanism should be supported.
For the carrier activation/de-activation is decided by eNB and signaled to UE, there should remain at least one carrier for the signaling transmission. 
Proposal 3：UE should have at least one carrier in active state. 
2.2. The signaling

There are three signaling alternatives for carrier activation/de-activation, i.e. RRC, MAC, and PDCCH. 
eNB will active/de-active carrier according to the statistical data amount over a time period, so the activation/de-activation will be not very frequent, semi-dynamic may be enough. 
From the aspect of signaling reliability, if the deactivation signaling is lost by UE side, the related carriers will not enter inactive state, which is not good for power saving; if the activation signaling is lost by UE side, the data transmitted on the related carrier will be lost. So if the signaling alternative is not reliable, we should consider more about the signaling-guaranteed mechanism. So why not choose a reliable alternative?
Some contributions has compared three alternatives and the reliability order is RRC > MAC > PDCCH. For the PDCCH alternative, it may need new PDCCH DCI format or change the contents of the existent PDCCH DCI format. New DCI format will bring the complexity for PDCCH blind detection, and for the PDCCH content limitation, the activation command carried on PDCCH is not very flexible to active/de-active a carrier subset which the other 2 alternative can do. So the PDCCH alternative should be excluded.
For the other two alternatives, RRC signaling has higher reliability than MAC signaling, but carrier activation/de-activation is based on the varying of traffic data amount, which is belong to the MAC function, so if using MAC signaling no interaction between RRC and MAC will be introduced. In addition, from the eNB side RRC is in charge of signaling for UE accessing, DRB configuration/reconfiguration, load balance in the cell unit, if the activation/de-activation brought by the data amount varying is also signaled by RRC, it will bring more signaling load to RRC. MAC signaling alternative will have some benefit on this point. So the load on RRC brought by the activation command should be discussed, and if necessary the MAC CE should be also considered. From the aspect of signaling consumption, the MAC signaling is simpler than RRC, for MAC signaling the consumption only involves downlink transmission, but the consumption of RRC includes downlink and uplink transmission. So there more than one benefit for MAC signaling.
Proposal 4: For the carrier activation/de-activation signaling, RRC signaling is considered as baseline, and MAC signaling is FFS.
2.3. Working with DRX

From the analysis in section 2.1, we can see both appropriate DRX design and carrier activation can reach the target of power saving. For there is the possibility of the two methods combination, we think the DRX is only fit for the active carrier, not for the de-active carrier.

Proposal 5: DRX operation is only applied for the active carriers.
2.4. The behavior on the de-active carrier
With the introduction of de-activation, from UE perspective a new kind of carrier appears, that is the configured but de-active carrier. So it is better to make it clear about the behavior on the de-active carrier.

If the working carrier is de-actived by eNB, eNB will not schedule UE data transmission on this carrier. For power saving, it is better for UE to stop the L1 process on this carrier and close the related RF if possible. Will UE do nothing on the de-active carrier? Obviously it is not. For there still some processes UE should do except data transmission, list as below:

1. System information monitoring at least when the system information is changed;

System information is cell-specific, so the SI can be modified on the UE’s de-active carrier. To maximize the effect of power saving, the optimization should be considered for system information, and make the de-active carriers is in sleeping state as much as possible, and resume receiving system information only when it is really changed.
2. Paging monitoring;

UE should monitor the paging regardless of the carrier state. The aim of paging for the connected UE is to notice the system information changing on the same carrier. Following the Rel-8 behavior, UE should wake up on the de-active carrier to monitoring the paging, but if SI is no change, the power is consumed meaninglessly. So the optimization is required. 
3. Radio link monitoring;

In Rel-8, the Qin/Qout evaluation period on the carrier is for always active condition (no DRX) or related to the DRX cycle (DRX used), which is defined in 36.133. But how can we consider the evalution period for radio link requirement on the de-active carrier?
Proposal 6: The procedures on the de-active carrier should be considered, which includes system information monitoring, paging, and Qin/Qout elevation period of radio link monitoring.  
3. Conclusion
According to the presentation in section two, it is proposed:

Proposal 1: The configured carrier number for UE should not overtop the carrier-aggregated capability and the QoS requirement.

Proposal 2: The carrier activation/de-activation mechanism should be supported.

Proposal 3：UE should have at least one carrier in active state. 
Proposal 4: For the carrier activation/de-activation signaling, RRC signaling is considered as baseline, and MAC signaling is FFS.
Proposal 5: DRX operation is only applied for the active carriers.
Proposal 6: The procedures on the de-active carrier should be considered, which includes system information monitoring, measurement for radio link monitoring.  
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