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1 
Introduction

In this document, we examine the concept of UL deactivation for a secondary cell and discuss what the relation between downlink and uplink deactivation should be. 
2 
Discussion

2.1 
Concepts of UL deactivation
The actions that could sensibly be performed under the name “UL deactivation” (apart from the obvious prohibition of actual transmission on PUCCH and PUSCH, which by itself does not seem to require having a deactivation concept) are as follows:
· Reduction of search space corresponding to grants for the deactivated uplink;

· Switching off SRS transmission on the deactivated uplink;

· Changing pathloss measurement behaviour related to the deactivated uplink.

The third item was already addressed by RAN4 in [1].  Based on the analysis in that document, it appears that pathloss measurements on a deactivated downlink carrier can still be used for transmission on the corresponding uplink, although the measurements may be less accurate than on an activated carrier.  It does not appear that there is any action for RAN2 to take in this respect; we assume that RAN4 will define appropriate requirements for the accuracy of pathloss measurements, and that any procedural changes needed in this area would be triggered by a request from RAN4.  We therefore concentrate on the other two potential forms of deactivation.

The case for switching off SRS transmission when possible is clear: the transmission power is saved, and there is no reason to transmit SRS on an uplink carrier where the UE will not be performing PUCCH/PUSCH transmission.  We therefore assume that “deactivation” always includes turning off SRS.
The situation with the search space is slightly more complex.  If an uplink CC is deactivated, the UE should be able to safely assume that it will never receive a grant for that carrier, even if it is receiving a PDCCH capable of scheduling that carrier (e.g., via CIF).  As a result, the UE can realise some savings in reception or decoding; if a certain PDCCH is capable only of scheduling an uplink carrier that is deactivated, obviously the UE can omit reception of that PDCCH entirely, but even if the UE must receive the PDCCH for other reasons, it can reduce the number of blind decodes required on that PDCCH (since hypotheses targetting the deactivated carrier do not need to be explored).

The savings from reduction of blind decoding come in two forms.  The slight reduction in processing power, with some (small) amount of battery savings as a result, is evident.  In addition, reducing the number of blind decodes causes a corresponding reduction in false alarms.  Neither of these benefits is extreme; the false alarm reduction appears to be the stronger benefit, but its magnitude depends on channel conditions.  In any case, there is no system impact in allowing the UE to reduce its search space, and the only specification impact of permitting this reduction would be (at most) a sentence to indicate that it is allowed.  It seems quite harmless to allow the UE implementation this small optimisation.
We thus have

Proposal 1: Uplink deactivation consists of ceasing to transmit SRS on the affected carrier.  The UE may also reduce PDCCH processing as implied by the assumption that it will not receive any grants for the deactivated UL CC.
2.2 
Relationship between DL and UL deactivation
In discussions in RAN2 thus far, it has been assumed that there is some connection between DL deactivation and the possible deactivation of a “corresponding” UL carrier, but it is not completely clear what “corresponding” means.  Our impression is that the word is generally being used to refer to SIB2 linking.  Cross-carrier scheduling, however, introduces an additional complication, since an uplink carrier can actually be scheduled by a grant on any downlink carrier for which an appropriate CIF has been configured.
  In other words, there is an additional concept that might be called “CIF linking”, and an uplink carrier should be considered as “SIB2-linked” to one downlink carrier and potentially as “CIF-linked” to one (or eventually more) additional carrier(s).
The potential benefits of having some form of uplink deactivation are all connected to the assumption that the UE will not need to transmit on the deactivated carrier; i.e., it will not receive an uplink grant towards the concerned SCell.  We therefore suggest that the reasonable basis for considering an uplink carrier for deactivation is when any downlink carrier that could schedule it is deactivated.  Given the “scheduled on only one carrier” restriction of Rel-10, this would mean
Proposal 2: An uplink carrier can be considered as deactivated when the downlink carrier that schedules it is deactivated; i.e., the SIB2-linked carrier in case the SCell is configured with a PDCCH, or the CIF-linked carrier otherwise.

The more general form, in case future releases relaxed the “single PDCCH” assumption, would be

Proposal 2a: An uplink carrier can be considered as deactivated when all downlink carriers that can schedule it are deactivated; i.e., all CIF-linked carriers, along with the SIB2-linked carrier in case CIF-less scheduling is available.
Proposal 2 would be sufficient under current assumptions, but the more general version should be kept in mind for forward compatibility—i.e., it would be good to capture Proposal 2 in language that can easily be extended to Proposal 2a in case the “single PDCCH” assumption is relaxed in future.

These proposals could in theory be implemented either as UE behaviours (“implicit” deactivation) or network behaviours (“explicit” deactivation).  That is, using explicit deactivation, a network could implement the policy that it always sends an immediate deactivation command for any uplink carrier that meets the criteria above.  However, there seems to be no advantage to triggering this functionality explicitly; the actual pattern of activation and deactivation is the same whether operation is implicit or explicit, and we therefore suggest that implicit deactivation should be available to reduce signalling.

Proposal 3: Uplink deactivation is performed implicitly by the UE based on the active/inactive status of downlink carriers.
3 
Conclusion

The following are proposed:
Proposal 1: Uplink deactivation consists of ceasing to transmit SRS on the affected carrier.  The UE may also reduce PDCCH processing as implied by the assumption that it will not receive any grants for the deactivated UL CC.
Proposal 2: An uplink carrier can be considered as deactivated when the downlink carrier that schedules it is deactivated; i.e., the SIB2-linked carrier in case this SCell is configured with a PDCCH, or the CIF-linked carrier otherwise.

Proposal 2a: An uplink carrier can be considered as deactivated when all downlink carriers that can schedule it are deactivated; i.e., all CIF-linked carriers, along with the SIB2-linked carrier in case CIF-less scheduling is available.

Proposal 3: Uplink deactivation is performed implicitly by the UE based on the active/inactive status of downlink carriers.

References

[1] R2-103494, “Reply LS on pathloss measurements in CA scenarios” (LS from RAN4 to RAN2, treated at RAN2#70bis)














































































































































� Although the current assumption is that a carrier has only one PDCCH that can schedule it, our understanding is that this assumption is not intended necessarily to be a permanent design feature and it would be good to design with an eye to a more flexible future.






