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1 Introduction 

During RAN2#68bis, the topic of carrier activation was discussed. RAN2 has decided to have a separate activation step for downlink component carriers. For uplink component carriers, the UE is required to be able to transmit PUSCH on any configured uplink component carrier when scheduled on PDCCH. 
There are a number of control loops (e.g. PHR, TA, HARQ feedback) between UE and eNB that create dependencies between uplink component carrier behavior and downlink component carrier behavior. So it is clear that some linking is desired. But before we can go into the details of such linking, we examine the use cases that should be supported. As some recent RAN1 agreements are relevant, we will shortly discuss these first.
2 RAN1 agreements
RAN1 has made the following agreements that are relevant for Carrier Aggregation discussions in RAN2 (see [1]):

For signalling of resource assignments for downlink (PDSCH) and uplink (PUSCH) transmission, following mechanisms are supported,

-  [....]
-  PDCCH on a component carrier can assign PDSCH or PUSCH resources in one of multiple component carriers using the carrier indicator field, where Rel-8 DCI formats are extended with 1 – 3 bit carrier indicator field, and Rel-8 PDCCH structure (same coding, same CCE-based resource mapping) is reused. 

where the presence of carrier indicator field is semi-statically configured. 

And:

For signalling of downlink HARQ ACK/NACK indication, following principles are applied.
-
[...]
-
PHICH is transmitted only on the downlink component carrier that was used to transmit the UL grant

-
At least in case that the number of downlink component carriers are more than or equal to that of uplink component carriers and no carrier indicator field is used, the Rel-8 PHICH resource mapping rule is reused.   
3 Carrier Aggregation Use Cases
Generally the purpose of carrier aggregation is to be able to achieve a higher throughput per UE. Four distinct scenarios can be identified:

1. The UE does not require bulk data transfer in downlink direction nor in the uplink direction.

2. The UE requires bulk data transfer primarily in the downlink direction (e.g. large file download – the uplink carries TCP ACKs)

3. The UE requires bulk data transfer primarily in the uplink direction (e.g. large file upload – the downlink carries TCP ACKs)

4. The UE requires bulk data transfer in both the downlink as well as uplink direction.

Generally a downlink carrier will be paired to an uplink component carrier, e.g. as specified in 36.101. The state of an uplink component carrier could depend on the state of the paired downlink carrier. In this contribution we will attempt to answer the question: what would be the state of each of the component carriers (uplink as well as downlink) in each of the use cases listed above?

Although RAN2 has not agreed on such terms yet, for clarity we will use the term ‘primary component carrier’ to denote the component carrier that is never deactivated, and ‘secondary component carrier’ for component carriers that can be deactivated or whose configuration can even be omitted. The term ‘paired’ is used to denote the relationship between uplink- and downlink component carriers per 36.101. 
3.1 Scenario 1: no bulk data transfer in either direction

When no data transfer is needed, the activities that the UE is requested to perform as a result of its mere capability to perform carrier aggregation should be minimized. It appears natural that the secondary downlink component carrier(s) are at least deactivated to save UE battery consumption, and possibly the eNB could even release the downlink CC configuration of secondary component carriers at the UE.
The uplink component carrier could be used to report CQI or HARQ feedback of the paired downlink component carrier. However if the secondary downlink component carrier is not being used, or even deactivated, then the eNB is likely to also release the PUCCH resources on the secondary component carrier (if any) to save resources. This is even desired since not having to transmit will save the UE battery.

Proposal 1 If a secondary downlink- and uplink component carrier are not being used, it should be possible to deactivate the secondary downlink component carrier and release PUCCH configuration (if any) on the uplink component carrier.

For the uplink, the component carrier is still configured and on a configured carrier the UE “is required to be able to transmit PUSCH transmissions when scheduled on PDCCH”, so it seems natural that the UE keeps maintaining the uplink alignment until the timeAlingmentTimer expires. When it expires, there is (like in Rel-8) no need for the UE to immediately re-acquire uplink time alignment by RACH.
3.2 Scenario 2: downlink bulk data transfer
In a bulk downlink data transfer scenario, there would be no need for ‘uplink carrier aggregation’. Although the cost for the UE of having a configured uplink carrier is not big, the eNB could decide to not configure additional uplink component carriers that would be paired to the activated downlink component carriers.  
The eNB could, like in scenario 1, decide to leave the uplink component carrier configured, or release the configuration.
Proposal 2 It should be possible to activate a secondary downlink component carrier without having to configure the paired uplink component carrier.

3.3 Scenario 3: uplink bulk data transfer

In the uplink bulk data transfer scenario, there is a need for additional uplink component carriers but not so much for downlink component carriers. Maybe even the primary component carrier could carry all downlink TCP ACKs. Or, if the uplink data is UDP, then no corresponding TCP acknowledgements are expected at all. Given the agreements by RAN1 in [1] the following scenario is possible:
· the eNB schedules PUSCH on the secondary uplink component carrier through PDCCH on the primary component carrier

· consequently, the PHICH is received on the same primary component carrier

· and there is no need to keep the secondary downlink component carrier that is paired with the secondary uplink component carrier in ‘activated’ or even ‘configured’ state.

So it would seem logical to deactivate the secondary downlink component carrier that corresponds to the secondary uplink component carrier, so that the UE does not need to monitor the PDCCH needlessly.
Proposal 3 When data is being actively transmitted on a secondary uplink CC, it should be possible to keep the paired secondary downlink CC deactivated.
In this scenario, the UE may have a secondary uplink component carrier active on a certain band without having its paired downlink component carrier on that band activated.
3.4 Scenario 4: bidirectional bulk data transfer

For bulk downlink- and uplink data transfer, obviously the secondary downlink component carrier should be activated and the paired uplink carrier should be configured. Control signaling can occur on the primary carrier or the secondary downlink component carrier.
3.5 Conclusion

From the above considerations and proposals it can be noted that a ‘component carrier’ is not an atomic, non-dividable unit. In our view, a ‘component carrier’ consists of a loosely linked uplink and downlink counterpart; where only one of the two can be ‘configured’ while the other may not even exist as far as the UE is concerned.
4 Summary
We have discussed a number of scenarios to analyze the linking of activation state between a secondary uplink carrier and its paired downlink carrier. We have the following proposals:

Proposal 4 If a secondary downlink- and uplink component carrier are not being used, it should be possible to deactivate the secondary downlink component carrier and release PUCCH configuration (if any) on the uplink component carrier.

Proposal 5 It should be possible to activate a secondary downlink component carrier without having to configure the paired uplink component carrier.

Proposal 6 When data is being actively transmitted on a secondary uplink CC, it should be possible to keep the paired secondary downlink CC deactivated.
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