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1 Introduction
During RAN2#68 [1], it was agreed to have a Common DRX as a baseline, i.e. all configured carriers follow an identical DRX Active Time. This decision was mainly motivated by simplicity but was also influenced by the prospect of a separate (de)activation mechanism to ensure acceptable battery savings when multiple carriers are configured.

During RAN2#68bis [2], it was agreed to have a separate mechanism for DL SCC (de)activation, while the UE would be required to transmit PUSCH on any configured UL CC when scheduled. The decision to have separate DL SCC (de)activation was motivated mainly by battery savings, from the signaling/delay/procedure overhead of a combined RRC reconfiguration/(de)activation procedure and also by scheduling flexibility [3].
During RAN2#69 [4], it was agreed to signal (de)activation using MAC signaling, as opposed to using PDCCH-based signaling. This decision was mainly motivated by reliability, and also for allowing more flexibility for (de)activation of individual SCCs which possibility was also agreed during that same meeting.

Following those agreements, a number of concerns have been expressed during RAN2#70 [5], where much focus was placed towards the RAN4 workload for specifying measurements requirements for deactivated SCCs. On the other hand, concerns about removing the separate (de)activation mechanism were also expressed by multiple companies in particular in relation to UE battery consumption. Other concerns expressed were related to the timing of the MAC CE (de)activation signaling, including the impacts of the retuning of the UE’s RF front end to other activated CCs. The topic of UL deactivation was also discussed, and is still FFS pending the outcome of the email discussion on (de)activation [6].
More specifically, the email discussion seemed to have provided better scope and understanding of the areas of concerns for the separate MAC CE (de)activation mechanism:
1) How to define measurement requirements for deactivated SCells;

2) How to provide measurement opportunities for deactivated SCells;

3) How to handle/avoid transmission gaps for P/SCells handled by a single RF front end (i.e. within the same band) upon (de)activation (or even a DRX transition in case Per-CC DRX would instead be supported);
During the email discussion, RAN2 seemed to reach a clear consensus on keeping the MAC CE SCell (de)activation mechanism, and to have identified the need to address other related aspects, thereby avoiding reverting a number of important decisions and opening for further discussions on possible enhancements to the DRX operation for LTE CA.
As expressed during the email discussion, our preference is to maintain the current agreements on MAC CE (de)activation, and further consider concerns that were raised with simple solutions.

This document proposes a possible way forward for the separate MAC CE (de)activation mechanism for R10.
2 On Separate MAC CE (De)Activation
The supported band combinations for the deployment scenarios considered for R10 [7] include at least a contiguous 2x20MHz intra-band aggregation scenario and a 2x10MHz inter-band aggregation scenario (an intra-band non-contiguous scenario is still FFS for R10). This needs to be considered in the discussions on MAC CE (De)Activation.
We also note that DRX can achieve a fine granularity in terms of timing of power savings opportunities by turning off PDCCH monitoring for some subframes, as it allows a UE to e.g. turn off a number of functional blocks to save battery.

For the separate (de)activation mechanism and for the inter-band carrier aggregation scenario(s), multiple RF front ends are required by definition. Based on this, our understanding is that additional and significant benefits can be achieved with SCell deactivation in terms of UE power savings. Such benefits are non-negligible given that it is estimated that the RF part accounts for some 2/3 of the reception (Rx) or transmission (Tx) path current; when possible, turning off a single RF front end for some subframe should be possible without the overhead of an RRC reconfiguration procedure.

· Deactivation of all SCell(s) handled by the same RF chain provides non-negligible battery savings opportunities for the inter-band carrier aggregation scenario. 

Still for the inter-band carrier aggregation scenario(s), our understanding is also that the retuning of a first RF chain would not disturb transmissions to/from a UE on carriers in a second RF chain (e.g. in a different band).

· (De)Activation signaling for at least one SCell handled by a first RF chain is not expected to impact transmissions in CCs of a second RF chain.

For the intra-band scenario, battery optimizations for the single RF front end may be somewhat less compelling, and the agreed Common DRX may be sufficient for R10 intra-band carrier aggregation.

For UL SCCs, as mentioned above the agreement is that there is no explicit deactivated state. It is also agreed that a SCell follows a UL/DL CC linking based on the SIB2 information broadcasted in the corresponding DL SCC, although the SIB2 information is itself provided to the UE by dedicated RRC signaling. It is expected that RAN1 will decide that the reception of UL and DL DCI messages on PDCCH for a DL SCC and for its SIB2-linked UL SCC will be performed in the same search space for the purpose of UE blind decoding (i.e. per cell search space) when cross-carrier scheduling is used. SCell deactivation, i.e. the addition of explicit UL SCC deactivated state that corresponds to the state of the linked DL SCC, may thus provide additional opportunities to reduce the number of blind decoding attempts. Another related aspect is how the UE handles dedicated periodic SRS resources configured by the network to reduce unnecessary uplink transmissions.

Therefore, to simplify UE implementations and to allow better possibilities for power savings, we propose:
Proposal 1: The MAC (de)activation is applied per SCell (based on agreed UL/DL “SIB2” linking).
Proposal 2: The UE does not perform SRS transmissions, if configured, for a deactivated SCell.
The current agreement for the MAC CE for (de)activation signaling is that a bitmap will be used to allow (de)activation of individual DL SCCs. Given the above discussion on RF front ends for the inter-band scenario, one alternative could be to adjust the current agreements such that all SCells handled by a single RF front end be (de)activated at once; however, this would imply that the deactivation state is not defined for SCells configured in the same frequency band as the PCell.
Another alternative would be to maintain the current agreement; this could benefit the UE in terms of reduction of PDCCH blind decoding complexity, but mainly in terms of false detection for the UE. Given the current agreements, it can be left to the eNB implementation to ensure that whenever possible, MAC CE signaling is used such that a UE is provided with opportunities to turn off one of its RF front ends. 

Proposal 3: 
The UE can turn off its RF front end when all Serving Cell(s) of the same frequency band are deactivated (i.e. no retuning of RF front end is performed based on deactivation state).
For the timing of the applicability of the MAC CE for activation, if the previous proposals are agreed then the potential issue of transmission gaps due to RF retuning should no longer apply. This implies that it may be sufficient to leave it up to the eNB implementation to start scheduling a UE in a newly activated SCell after some delay not exceeding a few ms following the reception from the UE of a HARQ ACK for the PUSCH transmission that contained the MAC CE activation command.

Proposal 4: 
The timing for the applicability of the MAC CE activation can be handled by the eNB, i.e. the delay for activating the RF chain (e.g. inter-band scenario) and/or resuming PDCCH decoding (both intra- and inter-band scenarios) for the newly activated SCell(s), e.g. up to a few ms, may be left to UE performance requirements.
For example, when the newly activated SCell is within the same frequency band as another CC which is already activated, the UE may be required to start decoding PDCCH already from the subframes following the transmission of the HARQ feedback that acknowledges the reception of the activation command; otherwise if the newly activated SCell is within a frequency band for which no other SCell is activated, a larger delay may be required. 

For the timing of the applicability of the MAC CE for deactivation, there are at least two alternatives: either the UE immediately applies the deactivation command, or it delays deactivation of a SCell until all its HARQ transmissions have completed. For simplicity, and given that the eNB may always delay the MAC CE signaling until all HARQ processes have indeed completed, we propose the former.

Proposal 5: 
The UE deactivates concerned SCell(s) when an applicable MAC CE deactivation command is decoded.
If proposal 3 above is agreed, the UE can make measurements for deactivated SCells without introducing a transmission gap for any of the activated CCs. It has been proposed that the UE could follow R8/9 DRX requirements for deactivated SCells [6]; however, given that the UE follows a Common DRX it may then mean that a short DRX period is likely used due to transmissions in other CCs and this may further reduce possible battery savings in case all CCs of the same frequency band / RF front end are deactivated e.g. in the inter-band scenario. For example, if the DRX cycle is 20ms, the UE would be forced to receive on any deactivated SCell every 20ms, independent of whether or not the UE has more than one RF front end. Therefore, it is somewhat unclear if applying the R8/9 DRX performance requirements for all deactivated SCell(s) always makes sense.

One alternative could be to define two different performance requirement scenarios:

1) Inter-band scenario: only SCells are configured for a given frequency band, all SCells are deactivated;

2) Any other scenario, where at least one SCell is deactivated.

In terms of applicable requirements, the first scenario can be akin to the use of the longest DRX cycle (i.e. 2560ms) and in this case the corresponding performance requirement could be suitable; for any deactivated SCell corresponding to the second scenario, the R8/9 DRX performance requirements can be applied as proposed in [6].
Another alternative could be to extend the agreement on Common DRX to be applicable per frequency band.
Proposal 6: 
The DRX Active Time is common to all CCs of the same frequency band, i.e. Common DRX is per band.

When all Serving Cells within the same frequency band are deactivated, the longest DRX cycle is assumed.
Proposal 7: 
Working assumption is that performance requirements for measurements for any deactivated SCell are based on R8/9 performance requirements for DRX.

Finally, we note that both the UE’s DRX behavior and the SCell (de)activation can be entirely controlled by the eNB, such that a scheduler implementation can always (de)activate SCell(s) such that both mechanisms are used in conjunction in a manner that always suits best the traffic pattern and the UE battery consumption for each of the carrier aggregation scenarios, without risk of affecting ongoing transmissions.

3 Conclusion
As noted in the introduction, there are a number of reasons why RAN2 has agreed for having a separate MAC CE (de)activation mechanism. As other companies have also expressed during the email diuscussion [6], we believe those are still valid reasons and we would prefer to keep the currently agreed mechanism.

For the concern related to performance requirements for measurements for deactivated SCells, our understanding is that it could be sufficient for RAN4 to reuse those from R8/9 for DRX in case Common DRX can be applied for all CCs within the same frequency band. In addition, our understanding is that the gains for a separate (de)activation mechanism for SCells, in terms of power consumption, can be rather significant when a UE can entirely turn off a complete RF chain (i.e. for one frequency band) e.g. for the inter-band aggregation scenario considered for R10.
Therefore, if seems that an eNB implementation could simply always ensure that SCells belonging to the same frequency band are always (de)activated e.g. all at once, in which case only a UE may turn off an RF front end, which would remove the problem related to transmission gaps. The eNB would in any case always have the alternative of using RRC for the (de)activation of SCells for the intra-band scenario, or in any aggregation scenarios if needed for other reasons.
It is proposed that RAN2 discusses each alternative described above, and agree to the following:
Proposal 1: The MAC (de)activation is applied per SCell (based on agreed UL/DL “SIB2” linking).
Proposal 2: The UE does not perform SRS transmissions, if configured, for a deactivated SCell.
Proposal 3: 
The UE can turn off its RF front end when all Serving Cell(s) of the same frequency band are deactivated (i.e. no retuning of RF front end is performed based on deactivation state).
Proposal 4: 
The timing for the applicability of the MAC CE activation can be handled by the eNB, i.e. the delay for activating the RF chain (e.g. inter-band scenario) and/or resuming PDCCH decoding (both intra- and inter-band scenarios) for the newly activated SCell(s), e.g. up to a few ms, may be left to UE performance requirements.

Proposal 5: 
The UE deactivates concerned SCell(s) when an applicable MAC CE deactivation command is decoded.
Proposal 6: 
The DRX Active Time is common to all CCs of the same frequency band, i.e. Common DRX is per band.

Proposal 7: 
Working assumption is that performance requirements for measurements for any deactivated SCell are based on R8/9 performance requirements for DRX.

RAN2 should LS RAN4 cc RAN1 to ask for confirmation.

Given that for future releases it is expected that there will be support for even more inter-band combinations than the one currently supported for R10, we also think that this is a way forward that would also be well-suited for R11 and beyond.
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