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1. Introduction
In the last meeting, RAN2 has decided to introduce the separate (de-)activation procedure on DL CCs. But the detail is not discussed. There are several aspects about this issue as below:
1. Is there any impact of the (de-)activate state on related RRC reconfiguration procedure, e.g. RRC reconfiguration for CC addition / modification?

2. What are the impact factors for CC (de-)activation?

3. Which kind of signaling should be used?
In this contribution we discuss and analyze all these aspects and give our proposals one by one.
2. Discussion
2.1. Related to RRC signaling

With introduction of the separate CC (de-)activation introduction, configured CC has two states: activated state and deactivated state. It brings the following questions related to the RRC procedure and the CC (de-)activated state:

Q1: Which state is the initial state when new CC is added? 

Q2: Is the CC (de-)activated state impacted by the reconfiguration on this CC?

Q1: Which state is the initial state when new CC is added? 

When new CC is added, the CC state can be considered in different ways dependent on the operation.

Operation 1: eNB is not sure about the radio quality of the new configured CC to UE. In this case, the initial state of new CC should be deactivated state, because the eNB will not do the downlink data transmission on this CC till eNB get the radio quality of it. Figure 1 gives an example.
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Figure 1
Operation 2: eNB can learn the radio quality of each new CC before configuring it to UE. In this case, the initial state of new CC is better to be activated state, because the eNB can schedule data on this CC immediately after RRC reconfiguration successfully, and it can save one activation signaling. 


[image: image2.emf]2. Measurement Report 

(about CC2,CC3)

UE ENB

5. RRC Reconfiguration

(add  CC2, CC3)

3. UE apply new service, QoS 

parameter requires multi carrier

1. RRC connection on CC1

4. eNB learns clear 

about the RL quality on 

CC2,CC3

6. UE regard CC2, CC3 as 

activated CC

7. data transmission on 

CC1,CC2, CC3


Figure 2
The key point of the operation 1 and operation 2 is whether eNB can learn the new CC radio quality when decided to configure it to UE.

Proposal 1: It is suggested to RAN2 to discuss and decide the initial (de-)activated state of new CC.
Q2: Is the CC (de-)activated state impacted by the reconfiguration on this CC?

If the activated CC is reconfigured, the procedure is as same as Rel-8/9 procedure; if the deactivated CC is reconfigured, the RRC reconfiguration procedure can be done through the activated CC, so there is no trouble to reconfigure deactivated CC. 

Proposal 2: CC (de-)activated state is not impacted by CC reconfiguration on this CC.
2.2. Impact factors 
There are several impact factors on CC (de-)activation, such like the scheduler policy, load balance, etc. But the most important factors are the data amount and radio quality. 

The motivation of CC (de-)activation is for power saving, especially for case of the service of data burst type. The activated CC number is varied according to the actual transmitting data amount.  
Case 1: the CC is (de-)activated based on the downlink transmitting data amount.
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Figure 3
Figure 3 is a sketch map as an example for the use case 1. The assumption is that eNB has configured DL CC1/2/3 to UE. Th1/ Th2 / Th3 are the thresholds of data amount related to the activated CC number. The rule of CC (de-)activation is as below:
· When there is no downlink data transmission but only to keep the RRC connection, UE only works on CC1. If the DRX is enabled, UE is not in the active time of DRX according to the Rel-8 mechanism.
· If data amount <= Th1, the active CC is only CC1;

· If Th1 < data amount <= Th2,  the active CC is CC1 and CC2;
· If Th2 < data amount <= Th3, the active CC is CC1, CC2 and CC3.
Other than the data amount, another factor for eNB to determine the active CC is the radio link quality of each DL CCs. During the data transmission, eNB will monitor the downlink RL quality by some way, e.g. CQI or RRC measurement report. Based on this, eNB choose the CC in good RL quality to serve for the UE. This will also bring the benefit on the better resource usage efficiency and transmission quality for the network and UE.
Case 2:  the CC is (de-)activated based on the CC’s radio link quality.
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Figure 4
Figure 4 is a sketch map as an example for the use case 2. The assumption is that eNB has configured DL CC1/2/3 to UE. Th1/ Th2 are the thresholds of data amount related to the activated CC number. The rule of CC activation/deactivation is as below:

· If data amount <=Th1, the active CC is CC1;

· If data amount is larger,  eNB choose to active CC2;

· When eNB monitors the radio quality in CC2 is worst but the quality in CC3 is better, eNB change the active CC from CC2 to CC3.
2.3. Signaling
How to (de-)active CC? It is related to signaling design. There are four aspects for discussion.
Q1: What is the (de-)active signaling unit, CC common or CC individual？

Q2: In explicit signaling, which kind of signaling is appropriate, L1 or MAC?
Q3: Do it need the implicit deactivation way?

Q4: If the answer of Q3 is yes, how to consider the implicit deactivation method?
Q1: What is the (de-)active unit of signaling, CC common or CC individual？

In CC common type, there are only two active modes, only one CC activated mode and all CC activated mode. If UE is configured 3 DL CCs, UE cannot work on 2 CCs. But the CC individual signaling type can do it. From the use cases above, we can see the need to active several of the CCs.

Proposal 3: CC is (de-) activated individually by signaling.

Q2: In explicit signaling, which kind of signaling is appropriate, L1 or MAC?

There are 2 signaling alternatives: MAC CE and PDCCH. Table 1 gives the comparison of the 2 alternatives.

· Alt 1: MAC CE signaling
MAC CE is used to signal the activated or deactivated state for each configured CC to UE. 
The transmission of the MAC CE is as same as other MAC CE’s in Rel-8. It can be multiplexed with other data in one MAC PDU to transmit together, but the priority is higher than logical channel data. The feedback to the MAC PDU is let eNB learn whether the signaling delivery successful or not. And the HARQ retransmission can bring more reliability.
· Alt 2: PDCCH signaling

Dedicated PDCCH is used to signal the activated or deactivated state for each configured CC to UE. 
It will introduce new DCI format or content design. The new DCI format will bring more complexity to blind decoding. The new content design is similar as PDCCH order to initiate RA procedure or PDCCH for SPS reconfiguration. To make sure the eNB can learn the result of the signaling delivery, the feedback of the PDCCH signaling is needed, which is also brought impact on the RAN1 feedback design.
Table 1
	
	MAC
	PDCCH

	Signaling reliability
	Higher
	high

	(de-)activation speed
	fast
	fast

	Individual CC (de-) activation 
	New MAC CE to express the CC (de-)activate state
	Option 1: New PDCCH DCI format
Option 2: New PDCCH content, CC bitmap to express the CC (de-)activate state

	Impact scope
	RAN2
	RAN2: (de-)activate operation;
RAN1: new PDCCH content or DCI format, and the feedback design if exist.

	Signaling overhead
	Small
	large


1. Reliability: if the deactivation signaling is lost by UE, the related CCs will not enter deactivated state, which is not good for power saving; if the activation signaling is lost by UE, the data transmitted on the related CC 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? The reliability of MAC CE is based on the HARQ feedback. The reliability of the PDCCH is out of our control if there is no A/N feedback for it. Comparing the MAC CE and PDCCH with feedback, MAC CE way has the more reliability for the current HARQ retransmission mechanism. So MAC CE is preferred from the aspect of reliability.
2. (de-)activation speed: eNB will (de-)active CC according to the statistical data amount over a time period, which is not very precise. And the data burst service (non-real-time service) does not have the strict time-delay requirement, and it can endure some delay. So the (de-)activation speed is not needed to be too much fast. Based on the reliability, we should consider the speed at the time of the eNB receiving the feedback of the signaling. For MAC CE, eNB can learn it by the HARQ feedback, and the delay is HARQ RTT; For the PDCCH, eNB can learn it by the feedback of the PDCCH signaling, and the delay is HARQ RTT. MAC CE and PDCCH with feedback have the same speed.
3. Individual CC (de)activation: The signaling could express the individual CC (de)activation. Both MAC CE and PDCCH can do with it.
4. Impact scope: The signaling could express the individual CC (de)activation. For MAC CE, it will introduce new MAC CE with the same transmission rule as other MAC CE. For PDCCH, it will introduce new PDCCH DCI format, or new PDCCH content, which will make some impact on the PDCCH design and the feedback design in RAN1. So using MAC CE will bring less impact on the spec. MAC CE is preferred from the aspect of the impact on the spec.
5. signaling overhead: Considering the condition that the data transmission and the (de-)activation signaling transmission are at the same time, MAC CE alt. only need 1 PDCCH and one feedback, but the PDCCH alt. need 2 PDCCH and 2 feedback. MAC CE is preferred from the aspect of signaling overhead.
Based on the above analysis, we give the proposal2:
Proposal 4: MAC CE is preferred for (de-)activate signaling.
Since the explicit signaling transmission need through at least one activated CC, so we give the proposal3.
Proposal 5: UE working in CA mode should have at least one DL CC in activated state. 

Q3: Do it need the implicit deactivation way?

The implicit deactivation could let UE enter the CC deactivated state based on some mechanism but not in eNB control. So the obvious benefit we can get from it is to save explicit signaling, especially in the case of CC (de-)activation signaling without data transmission. 
If the (de-)activation signaling transmission which is final adopted is not so reliable, the implicit deactivation way should be considered importantly for power saving when the signaling is lost.
If RAN2 consider optimizing the issue on signaling overhead and power saving, we should study further on the implicit deactivation.
Proposal 6: Implicit deactivation is suggested to study further.
Q4: If the answer of Q3 is yes, how to consider the implicit deactivation method?

From the above use cases, we can see the most important factors of CC (de-)activation are the data amount and the CC radio link quality. 
From the aspect of data amount, in Rel-8/9 mechanism, if there is no data transmission for some time, UE will leave the DRX active time; if there is no data transmission for long timer, UE will lost uplink synchronization. 
In CA, the activated CC number is according to the data amount. The similar rule can be considered to use for the implicit deactivation. 
Proposal 7: UE go back to work on one activated CC if there is no transmission for some time.
Base on the proposal 5, there are some options we can study further as below:
· Option 1: CC is deactivated by a timer;
· Option 2: If UE leave DRX active time, we regard it as no data transmission for some time (inactivity timer), all CCs (except one CC) is deactivated;
· Option 3: If UE is out of sync, we think regard it as no data transmission for a long time, all CCs (except one CC) is deactivated.
3. Conclusion
In this contribution, we discuss the detail of the DL CC (de-)activation. In particular, we have the following proposals:

Proposal 1: It is suggested to RAN2 to discuss and decide the initial (de-)activated state of new CC.
Proposal 2: CC (de-)activated state is not impacted by CC reconfiguration on this CC.
Proposal 3: CC is (de-) activated individually by signaling.

Proposal 4: MAC CE is preferred for (de-)activate signaling.
Proposal 5: UE working in CA mode should have at least one DL CC in activated state. 
Proposal 6: Implicit deactivation should be studied further.
Proposal 7: UE go back to work on one activated CC if there is no transmission for some time.
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