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1 Introduction

At RAN2-69bis it has been discussed whether also UL SCCs shall be activated and deactivated explicitly. [1] lists several benefits of an explicit uplink activation such as better control of SPS, SRS and PHR transmission. In [2] it has been proposed to couple the activation of an UL CC to the activity state of the DL CC used as pathloss reference. That means, an UL CC may not be used unless the corresponding DL CC is activated. 

In this paper we investigate the impact of explicit uplink activation/deactivation on the predictability of glitches due to re-tuning of the radio front-end. We come to the conclusion that this functionality would simplify the eNodeB implementation and it would allow RAN2 not to specify if/when a UE may re-tune its RF to cover less CCs. 
2 Discussion

At RAN2-68bis it has been agreed that the UE is required to be able to transmit PUSCH on any configured UL CC when scheduled on PDCCH (i.e. no explicit activation). This decision was based on the assumption that the UE can activate the UL SCC according to the uplink grants received in a subframe n since they become valid no earlier than in subframe n+4. However, in certain scenarios the activation of an uplink SCC causes an interruption (glitch) on other carriers. This is in particular the case when multiple UL CCs are served by the same radio front-end. Then, the RF must be re-tuned to cover the wider frequency range (e.g. 2 instead of 1 CC) and during this operation the UE cannot transmit on the already activated CCs. We expect this glitch to be in the order of about 200 µs. A corresponding LS [3] has been sent to RAN4.
When the eNodeB is aware of whether or not the (implicit) activation of another UL SCC causes a glitch on another UL CC it could avoid scheduling the latter and thereby ensure that no transmission is lost. To do so, the eNodeB would also need to know when the UE performs the RF retuning (we assumed n+3 in Figure 1). 
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Figure 1: Preventing data loss due to a glitch.
One could argue that without such functionality, the only impact would be another HARQ retransmission. However, depending on the scheduling patterns this might happen quite regularly as can be seen in Figure 2. As explained above, we assume that the UE activates all CCs in subframe n+3 according to the uplink grants received in subframe n. Furthermore, it attempts to deactivate any unused UL SCCs whenever no grant has been indicated for this SCC and not for any other CC served by the same RF. 
[image: image2.emf]PDCCH

UL PCC/SCC

UL SCC

No time to activate

the SCC → Loss on PCC!

Transmission on both CCs

No grant on any CC.

→ Time to deactivate SCC.


Figure 2: Unfortunate scheduling pattern.
This is of course a particularly bad pattern but it shows that there must be some mechanism that prevents such artifacts and this requires additional functionality in the eNodeB and limits it freedom in scheduling decisions.
An explicit activation/deactivation mechanism would allow the eNB to indicate to a UE when to tune and re-tune its RF and thereby to reduce the number of glitches and the impact on the performance. This simplifies not only the eNodeB implementation (as it avoids the “guessing” described above) but also the functionality in the UE. Assuming that the eNB makes efficient use of the possibility to deactivate unused uplink SCCs, we don’t expect a significant negative impact on the UE’s power consumption.
The explicit activation should replace the currently agreed implicit activation. That means the UE should ignore all uplink grants received for a currently de-activated SCC. The same would apply for SRS transmission. Similar as for the downlink, it might be beneficial to support an implicit deactivation of uplink SCCs based on a conservative timer to avoid that a UE keeps its RF tuned unnecessarily for a too wide bandwidth in the rare event of missing the explicit deactivation command. 

Due to this and due to the arguments listed in [1] and [2] we propose the following:
Proposal 1 Uplink SCCs are activated and deactivated explicitly by the eNB.
Proposal 2 The UE maintains a conservative de-activation timer per UL SCC. Upon expiry of the timer the corresponding UL SCC is deactivated implicitly. 

In order to align the uplink activation/deactivation functionality as much as possible with the corresponding downlink feature, we also suggest to base it on MAC signalling:

Proposal 3 The explicit uplink activation/deactivation is triggered by a MAC CE.

If the proposals above are agreeable, we think that it is not necessary to specify any dependencies between the activity states of uplink and downlink CCs (which was proposed in [2]) as this can be controlled explicitly by the eNB. 

Proposal 4 Dependencies between the activity states of uplink and downlink CCs do not need to be specified but are controlled by the eNB.
3 Conclusion

Based on the discussion in section 2 we propose the following: 
Proposal 1
Uplink SCCs are activated and deactivated explicitly by the eNB.

Proposal 2
The UE maintains a conservative de-activation timer per UL SCC. Upon expiry of the timer the corresponding UL SCC is deactivated implicitly.

Proposal 3
The explicit uplink activation/deactivation is triggered by a MAC CE.

Proposal 4
Dependencies between the activity states of uplink and downlink CCs do not need to be specified but are controlled by the eNB.  
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