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1 Introduction

In RAN2 meeting #68bis [1], the consensus for CA scheduling is to have a separate component carrier (CC) activation/deactivation, in addition to CC configuration. On an activated DL CC, UE will receive PDSCH, and PDCCH if present. On a deactivated DL CC, UE does not receive PDSCH/PDCCH but would perform measurement though the measurement detail is FFS. Some remaining issues for the separate activation/deactivation operation are:

· per-CC or common activation/deactivation?

· L1 PDCCH or MAC CE-based activation?
· L1 PDCCH, MAC CE-based or implicit deactivation?

· Measurements for deactivated CC.
In this contribution, we share our views on those issues.
2 Discussion on the Control Scheme of CC Activation and Deactivation
2.1 Granularity of CC Activation and Deactivation
The activation/deactivation function can allow eNB flexibly turn on/off some CCs based on current scheduling requests in order to achieve better power saving. Two kinds of scheduling granularity are considered: per-CC and common CC. Per-CC activation/deactivation can provide better scheduling granularity and it is beneficial when traffic volume changes dynamically. On the contrary, Common CC activation/deactivation is simpler from CC management. In addition to the scheduling consideration, we think the impact from transmitter structure should also be taken into account.
When a CC is activation/deactivated, there might be some transmission disruption and measurement gap [2][3] and the interruption time depends on the UE transmitter. Four transmitter structures are considered in TR 36.912 [4], which can be generally categorized into single-RF chain model and multi-RF chain model. Below lists our analysis for per-CC activation/deactivation:

· Single-RF chain structure: There are two implementation possibilities for this transmitter mode.

(Implementation-1) RF bandwidth is set according to the status of CC activation/deactivation: RF re-tuning is required because center frequency of the RF module would be changed when CC is activated or deactivated [2]. After the re-tuning, the UE may need additional physical layer re-synchronization. So, there is transmission disruption when CC is activated or deactivated.
(Implementation-2) Constant RF bandwidth: Another possible implementation is to keep the same RF bandwidth whatever CC activation/deactivation command is received and dynamically turn on/off baseband modules. That is, the UE does not decode PDCCHs/PDSCHs for the deactivated CCs. The advantage is no transmission disruption for this kind of implementation, but the cost is higher power consumption.
· Multi-RF chain structure: In this structure, each RF module is dedicated for a CC. So, there is no transmission disruption. But, it indeed takes some warm-up time for tuning on RF module for the newly activated CC. The disadvantage is hardware complexity.
Based on the above discussion, we suggest to have per-CC activation/deactivation for better scheduling granularity. And also, we suggest to have some discussions on the measurement gap and transmission interruption for different UE transmission structure.
Proposal 1: CC activation/deactivation is per-CC based.

2.2 CC Activation and Deactivation Methods

In the last meeting, the discussion of CC activation/deactivation methods focused on L1 PDCCH-based method and MAC CE-based one. The PDCCH-based method can achieve better precise control timing and shorter response time and MAC CE-based method can provide better control reliability. Based on the discussion in Section 2.1, CC activation and deactivation requires response time unless RF bandwidth keeps constant. In our understanding, it seems unlikely to control the CC activation/deactivation in less than 1ms time scale. Other concerns for PDCCH-based method are:
· PDCCH loading: Fast activation/deactivation would introduce more PDCCH signaling, which increases the L1 channel loading. 

· PDCCH complexity: A new PDCCH format for CC activation/deactivation might be required in the presence of cross-carrier assignment. Consequently, the PDCCH blind decoding would become more complicated.

· PDCCH reliability: The error rate of PDCCH signaling is about 10-2 so PDCCH reliability is an issue. Additional mechanism should be added to cope with PDCCH failure.

As for MAC CE-based method, we think few milliseconds control delay (including delay for HARQ acknowledgement/retransmission) is tolerable because there is a buffer in the scheduler. And, it seems not practically to activate or deactivate CC frequently in a short time period. The buffer can also absorb some traffic fluctuation. Therefore, we prefer to have MAC CE-based CC activation/deactivation. 
Proposal 2: MAC CE-based method is applied for CC activation/deactivation.

The signaling reliability of MAC CE is protected by HARQ feedback. In Annex B of TS36.300, it is stated that the reliability is about 10-3 [5]. If MAC CE for CC deactivation is lost, there would be power wasting. To further improve the reliability, an implicit deactivation scheme may also be considered. For example, a deactivation timer is attached to each activated CC and the CC would implicitly be deactivated when the timer goes expired.
Proposal 3: Suggest to have implicit deactivation method if reliability is a concern.
2.3 Measurement for Deactivated CC
eNB does not schedule any PDCCH or PDSCH to UE on the deactivated CCs. So, it is unnecessary for UE to report precise channel measurement (such as: CQI). However, in our understanding, the eNB needs some channel information to determine the availability for CC activation and MCS level for PDSCH transmission. Two options are considered to obtain the information:

· (Option-1) Explicit method: the information can be obtained by explicit UE reporting for the configured but deactivated carrier. That is, the UE performs coarse measurement (such as: RSRP/RSRQ) on the deactivated CC. 
· (Option-2) Implicit method: the information is implicitly inferred by applying the channel correlation. 
Regarding the contiguous-band CA scenario, the channel responses for the adjacent CCs are highly correlated. eNB can roughly estimate the channel quality of the deactivated CCs based on the measurements of the activated CCs (i.e., Option-1). After the activation, newly activated CC will report its channel measurement later. Before the reporting, eNB should conservatively select the MCS level. Regarding the noncontiguous-band CA scenario, the estimation deviation increases as channel correlation decreases. UE measurement report becomes more helpful (i.e., Option-2). Therefore, we think the necessity of measurement on deactivated CC highly depends CA scenario and the the implementation of eNB scheduler.
Proposal 4: eNB can optional instruct UE to perform measurement on deactivated CC.
3 Conclusions

In this contribution, we share our views on the control scheme of CC activation/deactivation and the measurements of deactivated CC. Based on the above discussion, our suggestions are:
Proposal 1: CC activation/deactivation is per-CC based.
Proposal 2: MAC CE-based method is applied for CC activation/deactivation.
Proposal 3: Suggest to have implicit deactivation method if reliability is a concern.
Proposal 4: eNB can optional instruct UE to perform measurement on deactivated CC.
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