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1. Introduction 
In RAN2#68bis [1], it was agreed that there will be separate activation and deactivation of configured component carriers (CCs). However, there are a number of FFS items as listed below:

· FFS if activation/deactivation would be per CC or common

· Will not have CQI like measurements on deactivated CC’s. Further measurement details FFS.

· Will use L1 or MAC for activation  [FFS]

· Will use L1 or MAC or implicit for deactivation [FFS]

In this contribution, we discuss the issues related to whether activation/deactivation is per CC or common; and the type of signalling used for activation and deactivation
2. Discussion
For LTE-A, carrier aggregation is being discussed as a means of increasing the bandwidth and therefore the achievable data rates.  Carrier aggregation results in several challenges from a UE implementation perspective.  Some of these challenges are unavoidable, for example the need to buffer and process bandwidths as large as 100 MHz.  Carrier aggregation also imposes challenges in the UE power consumption since the multiple transceiver components corresponding to multiple carriers need to be enabled. Depending on the radio architecture and whether carrier aggregation is intra-band contiguous or non-contiguous or inter-band, some transceiver components may always be turned on as long as the UE needs to monitor at least one component carrier while other transceiver components may only be turned on when the monitoring of a component carrier is enabled.
It was agreed in RAN2#68 [2] to have a common DRX for all configured CCs as follows:
· UE applies the same DRX operation to all configured carriers i.e. identical PDCCH active times on all CC’s
Note: if we have separate activation: UE applies the same DRX operation to all configured and activated carriers
2.1. Activation of Configured CC

To enable efficient power saving at the UE while enjoying the benefit of carrier aggregation in terms of higher data rate (thus lower packets transmission latency), the UE should have the minimum number of CCs for which it needs to receive PDCCH and PDSCH while still meeting the traffic demand and QoS. Since upper layer traffic is multiplexed across multiple carriers, it is the eNB scheduler’s decision to determine on which CC an encoded packet should be transmitted. In general, when there is low traffic volume for a UE, only one CC (e.g. the anchor CC) should be active, to reduce unnecessary power consumption due to receiving signals on multiple CCs. As traffic volume increases, additional CCs can be activated.

Since fast activation allows the eNB to activate a configured CC for the UE only when needed, there is no need to activate all the configured and deactivated CCs at the same time. It is desirable to be able to activate each configured and deactivated CC independently. Dedicated activation signalling can be used to activate each configured and deactivated CC. Note that this does not mean the same signalling (e.g. within a MAC CE or PDCCH DCI) cannot be used to activate multiple CCs at the same time, e.g., with dedicated indexing for each CC.
Proposal 1: It should be possible to activate each configured CC independently.
2.2. Deactivation of Configured CC

Similarly, when traffic volume decreases, the number of activated CC should be reduced to reduce power consumption at the UE. Therefore, it is desirable to be able to deactivate each active CC independently. Using explicit signalling to deactivate a CC will provide faster deactivation and better power saving compared to using implicit method such as inactivity timer, at the expense of signalling overhead.
Proposal 2: It should be possible to deactivate each active CC independently. RAN2 should study the use of explicit signalling or implicit method to deactivate a CC.
2.3. Methods for Explicit Signalling to Activate a Configured CC

In RAN2, it is currently FFS whether L1 (i.e. PDCCH) or MAC CE should be used to activate a configured CC. Table 1 below provides some comparison of the two methods.
Table 1 Comparison of using PDCCH or MAC CE for CC activation

	Issues
	PDCCH
	MAC CE

	Reliability
	PDCCH BLER is targeted at 1%
	MAC CE is sent within PDSCH with typical target BLER of 10% or higher since HARQ is used to recover the error.

Note that the eNB, based on implementation specific method, can also target a lower PDSCH BLER (by choosing a lower MCS) when sending the PDSCH that carries the MAC CE.

	Possible error recovery methods when UE fails to receive the signaling to activate the CC
	In subsequent PDSCH transmission on the CC, eNB can detect whether ACK/NACK is transmitted by the UE on the UL. Based on implementation specific number of failed detection of ACK/NACK from the UE, the eNB may resend the PDCCH signaling to activate the CC.
Note that this method cannot be applied to the case of deactivation of a CC since there will not be subsequent ACK/NACK transmission from the UE.
	eNB can determine whether the PDSCH that carries the MAC CE has been successfully received by the UE through the UL ACK or NACK signaling from the UE.

	Latency from when the activation signalling is sent to the UE to when the CC can be considered activated (i.e., PDSCH can be scheduled on the CC)
	The CC can be considered activated as soon as the UE can enable signal reception on the CC after receiving the activation signalling in the PDCCH. However, some minimum timing relationship should be defined in the specification so that the eNB knows when it can start to schedule PDSCH transmission on the CC.
The above is assuming that the UE successfully receives the PDCCH.
	The eNB can consider the CC is activated at the UE when the eNB detects an UL ACK from the UE.

The potential latency is 8 subframes due to the currently defined HARQ RTT. Note that the latency is associated with the inherent error recovery process of the MAC CE signalling method.

	Impact due to UE not able to receive the signalling to activate the CC
	As described above, if the eNB considers the CC is activated at the UE at the minimum time lapsed after sending the activation signalling, there is inevitable PDSCH data loss if the UE fails to receive the PDCCH signalling. The PDSCH data loss can persist until the time when the eNB determines that the UE has previously failed to receive the PDCCH signalling.
Note that if one PDCCH signalling is used to activate multiple CCs, the potential data loss will increase.
	Since eNB can use the UL ACK/NACK signalling to determine whether the UE has successfully received the MAC CE activation signalling, PDSCH data loss can be avoided. After maximum HARQ retrials, the eNB can decide whether to resend the MAC CE activation signalling to the UE.


Proposal 3: RAN2 should study the PDCCH and MAC CE signalling methods for CC activation and deactivation, in terms of reliability, error handling and complexity. 
3. Conclusions
In this paper, we discussed various aspects of CC activation and deactivation. Here is a summary of our proposals:

Proposal 1: It should be possible to activate each configured CC independently.
Proposal 2: It should be possible to deactivate each active CC independently. RAN2 should study the use of explicit signalling or implicit method to deactivate a CC.
Proposal 3: RAN2 should study the PDCCH and MAC CE signalling methods for CC activation and deactivation, in terms of reliability, error handling and complexity. 
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