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1 Introduction
At RAN #81 in Gold Coast, Australia a work item description was agreed to enhance multi-RAT dual connectivity and carrier aggregation for NR [1]. Among its objectives is the following:
	3. Efficient and low latency serving cell configuration/activation/setup: Minimizing signalling overhead and latency needed for initial cell setup, additional cell setup and additional cell activation for data transmission. [RAN2, RAN1, RAN4, RAN3]

· This objective applies to MR-DC, NR-NR DC and CA

· The objective should consider enhancements when starting from IDLE, INACTIVE mode and CONNECTED mode


In this contribution, we present our views and proposals on efficient and low latency serving cell activation for NR.
2 Efficient and low latency serving cell activation for NR
Carrier aggregation was introduced for LTE in Rel. 10 and has arguably been one of LTE’s most successful features. That is because the achievable rate of a wireless channel scales with the bandwidth of the channel outside the logarithm expression of Shannon’s capacity formula. In other words, the achievable rate scales linearly with the bandwidth and does not suffer from the flattening of the logarithm equation. It thus presents a powerful tool to enhance the user experience by directly increasing the achievable data rate a customer observes on her device. 
In reality, however, gains scale sub-linearly with the bandwidth because of signaling overheads associated with the aggregation of carriers. This is one reason why NR specified wideband operation allowing for configuration of a single serving cell with a very large bandwidth. The bandwidth part (BWP) feature of NR can then be used to dynamically or semi-statically adjust the bandwidth in which a UE is expected to actually transmit or receive. This is important because the power consumption and therefor the battery life of a handset depends on the active RF bandwidth amongst other factors. 
Fast bandwidth part activation and deactivation procedures have been specified as part of Release 15. However, important enhancements were not fully introduced in Rel. 15 due to lack of time. Furthermore, Rel. 15 only specified MAC CE based (de)activation procedures of secondary serving cells. Consequently, L1 based serving cell (de)activation is currently not supported and an activated serving cell must have a BWP with a bandwidth larger than zero PRBs.

As commented above, the power consumption of a UE depends on its RF bandwidth and a non-zero RF bandwidth obviously increases power consumption of the UE when an activated serving cell is temporarily not in use due to lack of data in the gNB’s MAC buffer.

Observation 1: A non-zero RF bandwidth increases power consumption of the UE when an activated serving cell is temporarily not in use due to lack of data in the gNB’s MAC buffer

Moreover, the user experience is vastly influenced by the speed with which deactivated serving cells can be activated. This was extensively studied in Rel. 12 for LTE and similar observations have been made in Rel. 15 for NR in the context of BWP activation. 

Observation 2: The user experience is vastly influenced by the speed with which deactivated serving cells can be activated

Moreover, the speed with which a deactivated serving cell can be activated may also govern how frequently the network activates and deactivates a serving cell and thereby has an impact on the UE power consumption. For example, the network requires accurate CSI when data arrives in the MAC buffer so it can schedule the data for transmission. Today, on a deactivated serving cell, the UE only performs RRM measurement. 
The UE may not be able to measure and report accurate CSI until it is time and frequency synchronized. So measurements other than for RRM are beneficial on deactivated serving cells for the UE to perform tracking and possibly CSI measurements. Overall, the faster the activation procedure the higher the likelihood that the network deactivates a carrier which in turn reduces UE power consumption in the presence of bursty traffic. 
Observation 3: The faster the activation procedure the higher the likelihood that the network deactivates a carrier which in turn reduces UE power consumption in the presence of bursty traffic

Obviously, there is a trade-off between how frequently a UE measures on a deactivated serving cell in order to enable fast SCell activation by means of immediate and accurate CSI and how long a deactivated serving cell in truly inactive, i.e., the UE circuitry can be powered down for UE power savings. If deactivation of a serving cell is too costly because activation takes too long, the serving cell remains unnecessarily active. If measurements on a deactivated serving cell are too frequent, the serving cell is not really inactive and the UE power savings are diminished. 
Observation 4: There is a trade-off between how frequently a UE measures on a deactivated serving cell in order to enable fast SCell activation by means of accurate CSI and how long a deactivated serving cell in truly inactive, i.e., the UE circuitry can be powered down for UE power savings

Lastly, the (de)activation mechanism itself plays a role in the determination of how fast a serving cell can be (de)activated. L1 based (de)activation is generally faster while MAC CE based (de)activation may be considered more robust because it is acknowledged. NR Rel. 15 uses both L1 and MAC CE based (de)activation procedures. BWPs, for example, can be (de)activated using L1 signaling whereas SPS CSI is (de)activated using MAC CEs. It can be argued that whether L1 or MAC CE based mechanisms are preferred is a matter of personal preference. For example, if robustness was really an issue, why does NR allow for L1 based BWP switching on primary serving cells? And while MAC CEs are acknowledged, so are L1 based schemes, only that the acknowledgement is implicit and slower. So L1 based schemes are more aggressive and assume that most of the time nothing bad will happen whereas MAC CE based schemes are more conservative. 
MAC CE based SCell (de)activation is already specified in Rel. 15. Whether L1 based schemes are needed in addition can be debated. L1 based schemes enjoyed significant support and discussion in RAN1 in Rel. 15 and were mainly not specified because RAN2 decided on MAC CE based (de)activation procedures without consulting RAN1. 

At any rate, whether SCell (de)activation is only based on MAC CEs or also possible using L1 signaling may not be the most important discussion. What is important is that mechanisms to enable fast SCell activation are specified in Rel. 16 to increase the likelihood that the network actually deactivates a cell in the presence of bursty traffic such that UE battery life is prolonged. Hence, RAN1 should study and specify schemes that enable fast SCell activation. Measurement of CSI-RS on deactivated SCells is one such means. Said CSI-RS could be used for tracking as well as to provide the network with accurate CSI when data arrives in the gNB MAC buffer and an inactive serving cell is to be activated.

Proposal 1: 

· RAN1 should study and specify schemes that enable fast SCell activation
· Measurement of CSI-RS on deactivated SCells is one such means
· CSI-RS can be used for tracking as well as to provide the network with accurate CSI when data arrives in the gNB MAC buffer and an inactive serving cell is to be activated

3 Conclusion

This contribution presented AT&T’s views on efficient and low latency serving cell activation for NR. The following was observed and proposed:
Observation 1: A non-zero RF bandwidth increases power consumption of the UE when an activated serving cell is temporarily not in use due to lack of data in the gNB’s MAC buffer

Observation 2: The user experience is vastly influenced by the speed with which deactivated serving cells can be activated

Observation 3: The faster the activation procedure the higher the likelihood that the network deactivates a carrier which in turn reduces UE power consumption in the presence of bursty traffic

Observation 4: There is a trade-off between how frequently a UE measures on a deactivated serving cell in order to enable fast SCell activation by means of accurate CSI and how long a deactivated serving cell in truly inactive, i.e., the UE circuitry can be powered down for UE power savings

Proposal 1: 

· RAN1 should study and specify schemes that enable fast SCell activation
· Measurement of CSI-RS on deactivated SCells is one such means
· CSI-RS can be used for tracking as well as to provide the network with accurate CSI when data arrives in the gNB MAC buffer and an inactive serving cell is to be activated
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