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1 Introduction
The LS from RAN2 [1] informs RAN1 of the following decisions with respect to PDCCH monitoring and activation/deactivation for DL component carriers:
1) RAN2 has decided to introduce a separate activation/deactivation procedure for DL component carriers (i.e. in addition to the configuration by RRC). On a configured but deactivated component carrier, UE does not monitor PDCCH, nor receive PDSCH, nor perform CQI measurements, in order to improve UE power efficiency. Note that in the uplink, RAN2 has also decided not to introduce separate activation/deactivation procedure for UL component carriers, i.e. UE is required to be able to transmit PUSCH transmissions on any configured UL CC when scheduled on PDCCH.

2)
DRX allows the UE not to monitor the PDCCH (and the PDSCH) on any component carrier while the UE is not in Active Time (as defined in TS 36.321). The UE applies the same DRX operation to all configured and activated CCs, i.e., identical PDCCH active times on all CC’s.

Taking into account the above decisions, some RAN1 aspects on the DL component carrier (CC) activation/deactivation are discussed in this document. 
It is understood that the key benefit from a separate activation/deactivation, in addition to the CC configuration by RRC, is to improve UE power efficiency. The UE battery savings are achieved from not monitoring PDCCH, not receiving PDSCH, and not performing CQI measurements on deactivated DL CCs. Additionally, the corresponding UE RF chain could be switched off in case of non-contiguous CC configuration. Separate activation/deactivation can be either through L1 or through MAC. L1 based activation/deactivation is faster and therefore maximizes power savings. The additional benefit of separate activation/deactivation would be load balancing among the configured CCs with more dynamic manner. Hereafter, the focus will be on L1 based activation/deactivation of DL CCs and its error events. 
2 L1-based activation/deactivation

One approach for L1-based activation/deactivation would be to expand an existing DCI format with an explicit activation/deactivation field. Assuming that the anchor DL CC cannot be deactivated, 16 different activation/deactivation states have to be defined to indicate all possible states of four non-anchor DL CCs. This ensures the transition to any activation/deactivation states to occur by only one activation/deactivation signalling. To support this, an additional 4-bit control field is needed. This scheme enables the eNB to command activation/deactivation and to schedule PDSCH to the UE using a single PDCCH. In this case, the scheduling grant is applied to the CC indicated by CIF or the CC on which the PDCCH is transmitted. The details are FFS. However, this approach incurs constant signalling overhead always even when the eNB does not need to change the activation/deactivation state.
Another scheme for L1-based activation/de-activation is to re-use some DCI format fields as for SPS activation/release in LTE. For full flexibility of activation/deactivation, an existing 4-bit field should be replaced with the activation/deactivation command. However, this considerably reduces the eNB ability to provide a normal scheduling assignment on the same PDCCH. Alternatively, in case the DCI format includes CIF, it is possible to use the remaining three CIF codewords, out of eight CIF codewords, as the activation/deactivation command. In this case the limiting factor is the shortage of available codewords. Therefore, the supportable activation/deactivation states are restricted. This alternative preserves all remaining DCI format fields and the eNB can grant scheduling assignment for PDSCH that simultaneously carries an activation/deactivation command. Therefore, as an example, in case the eNB is to deactivate CC2 and CC3 among CC1 - CC3 and still has DL traffic on CC1, the eNB can transmit one-shot signalling with single PDCCH which enables fast deactivation as well as scheduling. For this operation, the eNB transmits PDCCH scheduling PDSCH on CC1 together with one remaining CIF codepoint associated to the CC activation/deactivation state which deactivates both CC2 and CC3 while CC1 remains activated. 
3 UE confirmation of activation/deactivation
Upon the activation/deactivation command contained in the PDCCH, the UE may not need to send any feedback to the eNB. This would lead the eNB to make a conservative assumption regarding the UE being able to receive and transmit in case of activation. Alternatively, the activation/deactivation command is acknowledged by the UE, i.e. ACK or DTX, which resembles the SPS release procedure in LTE. In case a PDCCH contains only the activation/deactivation command, the UE feedbacks ACK/DTX. In case a PDCCH contains both activation/deactivation command and a scheduling grant, the UE feedbacks ACK/NACK/DTX. In this case the eNB recognize the ACK as the successful reception of the activation/deactivation command by the UE. NACK/DTX is regarded by the eNB as reception failure of the activation/deactivation command by the UE.
4 Error events
Compared with the higher layer signalling taking the benefit of HARQ, the signalling reliability is one issue for the L1-based activation/deactivation. A mismatch of activation/deactivation states between the UE and the eNB arising from signalling errors would result to inefficient resource utilization and unnecessary UE power consumption. Reasons for such mismatch include PDCCH miss-detection, PDCCH false alarm, UL ACK miss-detection, and UL DTX to ACK error. The potential error events can be listed as follows. Note that the UE confirmation upon receiving the activation/deactivation command is taken into account as discussed in the previous section.
Deactivation related error events
Case A: The eNB has signalled deactivation of CC(s), but the UE has missed it. (Figure 1)
· Case A-1: eNB detects UL DTX.
· The eNB can detect the error event from the UL DTX and transmits the deactivation command again.
· The UE enters deactivation state on the corresponding CC(s) upon the retransmitted deactivation command (with some power consumption loss).
· Case A-2: UL DTX to ACK error occurs at the eNB. 
· The probability of the successive error events both in DL and UL would be low enough (e.g. 1e-4). This incurs activation/deactivation out-of-sync between the eNB and the UE and higher layer recovery protocol may be needed.
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Figure 1: Error event - The eNB has signalled deactivation of CC(s) but the UE has missed it.
Case B: The eNB has not sent any deactivation command, but the UE erroneously detects one. (Figure 2)
· Case B-1: It happens when the false alarm occurs at the UE.
· The eNB may not detect the error event from the unexpected ACK because the eNB would not monitor the ACK on the resource unless it has sent a PDCCH on the corresponding CCE. Not having the knowledge of UE deactivation, the eNB may schedule the UE on the erroneously deactivated CC(s) by the UE. During this time period the UE may miss several DL scheduling on the deactivated CC(s). In order to reduce the duration of activation/deactivation out-of-sync, higher layer recovery protocol or implementation means may be needed.    
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Figure 2: Error event- The eNB has not sent any deactivation command, but the UE erroneously detects one. 
Activation related error events

Case C: The eNB has signalled activation of a CC(s), but the UE has missed it. (Figure 3)
· Case C-1: The eNB detects UL DTX.
· The eNB can detect the error event from the UL DTX and transmits the activation command again.

· The UE remains deactivation state on the corresponding CC(s) until it receives next activation command.  

· Case C-2: UL DTX to ACK error event occurs at the eNB. 

· The probability of the successive error events both in DL and UL would be quite low (e.g. 1e-4). This incurs activation/deactivation out-of-sync between the eNB and the UE and higher layer recovery protocol may be needed.
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Figure 3: Error event - The eNB has signalled activation of CC(s), but the UE has missed it.
Case D: The eNB has not sent any activation command, but the UE erroneously detects one. (Figure 4)
· Case D-1: It happens when the false alarm occurs at the UE.     
· The eNB may not detect the error event from the unexpected ACK because the eNB would not monitor the ACK on the resource unless it has sent a PDCCH on the corresponding CCE. During the erroneously activated state, the UE unnecessarily consumes battery power. In order to reduce the duration of activation/deactivation out-of-sync, higher layer recovery protocol may be needed.
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Figure 4: Error event - The eNB has not sent any activation command, but the UE erroneously detects one.
Note that the error probability itself would not be different between PDCCH carrying the activation/deactivation command and normal PDCCH scheduling PDSCH. However, the consequences are different between the two cases. In case of activation/deactivation error, the UE power savings, which is the main motivation for L1-based activation/deactivation, would be reduced. Additionally, the UE will miss PDSCH transmissions from the CC which has been erroneously deactivated by the UE while it is not recovered. On the other hand, the main impact of the normal PDCCH error would be the resource waste and performance loss, e.g. missing PDSCH.   

5 Conclusions
In this document, some candidate approaches for the L1 based activation/deactivation of DL CC and the error events caused by the L1 based procedure were discussed. 
· Candidate approaches for L1-based activation/deactivation are:
· To expand DCI format with an explicit activation/deactivation field 

· To reinterpret some control field in the DCI format as activation/deactivation command
· The impact of error events
· Missed deactivation and erroneous activation at the UE would result in unnecessary UE power consumption

· The erroneous deactivation and missed activation at the UE could result in missing PDSCH transmissions from erroneously relevant CCs until it is recovered. 

L1 based activation/deactivation approaches should take into account the above issues. 
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