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Discussion and Decision
1
Introduction
The Work Item “LTE Carrier Aggregation Enhancement beyond 5 Carriers” [1] was approved in RAN #66, with “specify and complete the support of PUCCH on SCell for UEs supporting uplink Carrier Aggregation” as one of the objectives.

It has been already agreed that PUCCH SCell can be deactivated. However, it is still open whether the UE applies the SCell deactivation timer to PUCCH SCell. 
In this paper we discuss the different alternative ways of handling the deactivation timer of a PUCCH SCell.
2
Discussion
The potential problem with the deactivation timer is that the PUCCH SCell may become deactivated even though there are still other activated SCells that have their PUCCH mapped to PUCCH SCell. This is not the case when the PUCCH SCell is deactivated using Activation/Deactivation MAC CE, as the same MAC CE can deactive also the other SCells in the same PUCCH group. 
There are several reasonable ways of ensuring that the PUCCH SCell deactivation timer does not expire before the other SCell in the same PUCCH group are deactivated:
1. Avoid too early expiry of PUCCH SCell deactivation timer via eNB scheduling.

· Pros: No specification changes needed.
· Cons: Increased complexity for eNB. Requires eNB to schedule UE in PUCCH SCell to keep it activated, which is an unnecessary restriction.

2. Do not apply deactivation timer to PUCCH SCell.
· Pros: Simple option.
· Cons: Deactivation timer is not available for PUCCH SCell as a safe mechanism in case of missing deactivation MAC CE, which was the original purpose of introducing the timer. Increases the UE power consumption compared to the other alternatives.

3. Restarting the deactivation timer of an SCell that has its PUCCH mapped to another SCell shall restart also the deactivation timer of the corresponding PUCCH SCell [2][3][4].
· Pros: Deactivation timer can be applied in PUCCH SCell and aligns with the operation for cross carrier scheduling
· Cons: Small specification impact.
4. Expire the deactivation timer of the SCells within the same group as the PUCCH SCell when the deactivation timer of the PUCCH SCell is expired [2].
· Pros: Deactivation timer can be applied in PUCCH SCell.
· Cons: Small specification impact. Some scheduling restriction compare to solution 3 to ensure deactivation timer of PUCCH SCell does not expire when the eNB still intends to schedule other SCells within the group.
5. Restart PUCCH SCell deactivation timer if there are any other activated SCells in the same PUCCH group when the deactivation timer of PUCCH SCell expires [5].
· Pros: Deactivation timer can be applied in PUCCH SCell.
· Cons: Small specification impact. Compared to alternative 3, in some cases the PUCCH SCell deactivation timer runs longer after the activity has ended. As an example if UE is scheduled in another SCell one subframe later than in PUCCH SCell, the PUCCH SCell deactivation timer will be restarted one subframe before it would expire. This can lead to unnecessarily longer activity and thus higher UE power consumption.
Comparing the different alternatives above, alternative 1 seems unattractive because of the added implementation complexity and restrictions for scheduling. Alternative 2 defeat the purpose of having the deactivation timer as a safe mechanism in case explicit deactivation MAC CE is missing and can have a harmful effect on UE power consumption. As alternative 3, 4 or 5 can ensure that PUCCH SCell is not deactivated before other SCells in the same PUCCH group, we do not see any reason to not support deactivation timer for PUCCH SCell.

Out of alternatives 3, 4 and 5 it seems that alternative 3 is somewhat better from UE power consumption and scheduling flexibility point of view. It ensures the deactivation timer of the PUCCH SCell cannot expire before the other SCells in the same PUCCH group.
Proposal: Restarting the deactivation timer of an SCell that has its PUCCH mapped to another SCell, shall restart also the deactivation timer of the corresponding PUCCH SCell.
3
Conclusion

In this paper we discussed PUCCH SCell deactivation timer and propose the following:

Proposal: Restarting the deactivation timer of an SCell that has its PUCCH mapped to another SCell shall restart also the deactivation timer of the corresponding PUCCH SCell.
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Annex
TP for 36.321
5.13
Activation/Deactivation of SCells
If the MAC entity is configured with one or more SCells, the network may activate and deactivate the configured SCells. The SpCell is always activated. The network activates and deactivates the SCell(s) by sending the Activation/Deactivation MAC control element described in subclause 6.1.3.8. Furthermore, the MAC entity maintains a sCellDeactivationTimer timer per configured SCell and deactivates the associated SCell upon its expiry. The same initial timer value applies to each instance of the sCellDeactivationTimer and it is configured by RRC. The configured SCells are initially deactivated upon addition and after a handover.

The MAC entity shall for each TTI and for each configured SCell:

-
if the MAC entity receives an Activation/Deactivation MAC control element in this TTI activating the SCell, the MAC entity shall in the TTI according to the timing defined in [2]:

-
activate the SCell; i.e. apply normal SCell operation including:

-
SRS transmissions on the SCell;

-
CQI/PMI/RI/PTI reporting for the SCell;

-
PDCCH monitoring on the SCell;

-
PDCCH monitoring for the SCell.

-
start or restart the sCellDeactivationTimer associated with the SCell;

-
trigger PHR according to subclause 5.4.6.

-
else, if the MAC entity receives an Activation/Deactivation MAC control element in this TTI deactivating the SCell; or

-
if the sCellDeactivationTimer associated with the activated SCell expires in this TTI: 

-
in the TTI according to the timing defined in [2]:

-
deactivate the SCell;

-
stop the sCellDeactivationTimer associated with the SCell;

-
flush all HARQ buffers associated with the SCell.

-
if PDCCH on the activated SCell indicates an uplink grant or downlink assignment; or

-
if PDCCH on the Serving Cell scheduling the activated SCell indicates an uplink grant or a downlink assignment for the activated SCell:

-
restart the sCellDeactivationTimer associated with the SCell;

-
if the SCell is in a secondary PUCCH cell group: 

-
restart the sCellDeactivationTimer associated with the corresponding PUCCH SCell.
-
if the SCell is deactivated:

-
not transmit SRS on the SCell;

-
not report CQI/PMI/RI/PTI for the SCell;

-
not transmit on UL-SCH on the SCell; 

-
not transmit on RACH on the SCell;

-
not monitor the PDCCH on the SCell;

-
not monitor the PDCCH for the SCell.

HARQ feedback for the MAC PDU containing Activation/Deactivation MAC control element shall not be impacted by PCell interruption due to SCell activation/deactivation [9].

NOTE:
When SCell is deactivated, the ongoing Random Access procedure on the SCell, if any, is aborted.

