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Discussion and Decision
1 Introduction
According to power saving WI scope as below, UE assistance information in Connected Mode should be discussed and specified. 
	1) Specify, if agreed, the mechanism to provide UE assistance information [RAN2, RAN1]:

· Study and select among the following UE assistance information for RAN2 by RAN#85:

power preferred information (baseline LTE PPI in a well-defined manner) and UE's preference on C-DRX, BWP and SCell configuration [RAN2].

NOTE: additional UE assistance information for RAN1-specific power saving techniques to indicate what setting of parameters related to this Work Item will lead to power savings for the UE can be included if agreed in RAN1.  


In this contribution, we provide our understanding on this topic, especially on the SCell activation/deactivation. 
2 Discussion

CA consumes significant amount of power. However, the real problem is not that it consumes high power but that a lot portion of power for activating SCells is being wasted instead of being used for data transmission. In typical CA scenarios, the following problems have been observed.

1) Activation delay: SCells are typically activated only after network DL queue builds up beyond a certain threshold for some time, which delays quick data transfer due to the delay for activation.

2) Deactivation delay: Network does not quickly deactivate after data transfer finishes although there is no active data transfer happening. To avoid the frequently deactivation and activation, usually NW will deactivate a SCell for hundreds of ms.
3) SCells causing low overall achievable throughput: Sometimes it is observed that SCells with low achievable throughput do not always contribute to the overall achievable throughput by a huge margin. In such situations, the advantages of additional carriers for higher achievable throughput is limited by the power penalty of CA activation itself.

Observation 1: There is some delay of SCell activation/deactivation, between NW decision and UE accurate transmission requirement, which will introduce additional UE power consumption.

In such situations, a UE based input to the network will always be advantageous in terms of CA activation/de-activation. The network can make better decisions based on the UE provided inputs. This is quite useful for reducing the delay for activation/deactivation since UE has the accurate knowledge of the available data amount for UL/DL transmission and the request of CA transmission. 

· SCell activation in file downloading: When a UE wants to download a file, UE can know that it will start downloading it soon and sends an explicit request to network to turn on additional component carriers in advance. This is really effective in reducing delay since network usually does not have access to this information primarily due to the data transfers being performed within TLS sessions. Network usually turns on additional component carrier only after downlink queue starts to build up beyond a certain threshold, which is a bit slow. From our tests, we observe that activation delay can be reduced from 35ms to 12ms.

· SCell deactivation in file downloading: Current LTE/NR supports sCellDeactivationTimer which is used to deactivate SCells. The timer is reset every time a DL/UL grant is received. It expires when there is no DL/UL grant is received for sCellDeactivationTimer duration. The configurable timer values range from 20ms to 1280ms and usually end up with values which are of the range of a long DRX cycle for best effort flows. If this parameter is not configured, then a value of infinity is used and SCell can be deactivated by MAC CE only. In the field logs, we indeed see wide ranges of values for this timer from 20ms to infinity. Due to such large de-activation values, even after file downloading is completed, UE has to wait until the timer expires in order for SCells to be de-activated. This problem is exaggerated especially when the downloaded file is smaller in size. For small file downloads, the actual active transfer time of data is much smaller compared to the PDCCH monitoring time during which the SCell is active yielding to highly inefficient RRC connections on the UE that consume significant power. In this scenario, if the UE has a mechanism to indicate to the network a request for SCell deactivation, the UE can then avoid the power penalty of PDCCH monitoring with CA. From our tests, we observe that deactivation delay is reduced on an average from 130ms to 20ms.

· SCell activation in file uploading: When UE starts sending data in UL from RRC IDLE/INACTIVE (which is typical state when uploading large file), it first has to connect to network to enter RRC-CONNECTED mode. In this case, MSG3 could include BSR. With such data amount information, UE can tell network that it has a lot of data to transmit to network at earlier time, and NW can decide SCell configuration and activation as soon as possible. With the early reporting, NW can provide the huge data amount scheduling across multiple cells directly without the SCell activation delay.  
· SCell deactivation in file uploading: This case is very similar to SCell deactivation in file downloading. Since UE knows whether file uploading has been finished or not, the UE can immediately send SCell deactivation request to network to avoid wasting energy for SCell cells. From our tests, we observe that deactivation delay is reduced from 192ms to 16ms.
· SCell deactivation for handing coexistence issue: When there are a set of component carriers which UE might have coexistence issue with other RATs, UE could indicate this information to network so that network can avoid configuring or activating those carriers in the set. UE’s explicit deactivation request could be effectively used in this case to notify network that the UE want to avoid those carriers.
Figure-1 shows the power saving gain of UE initiated fast SCell activation/deactivation mechanimsm (refer to R1-1900752). 

Observation 2: UE-initiated SCell activation/deactivation scheme always provide power saving gain compared to default network-initiated CA activation/deactivation mechanism. The power saving gain for most typical size file (1MB) is around 43%.
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Figure-1. Power saving gain of UE-initiated fast SCell activation/deactivation mechanism compared to network-initiated mechanism. G/M/B denotes Good/Medium/Bad throughput for each component carrier.

With UE assistance information on SCell activation/deactivation, NW can make more accurate decision on the SCell operation which is tightly adapated to the UE traffic or channel situation. And it will bring the benefit for both UE power consumption and NW effective SCell resource utilization. In NW side, timely SCell deactivation allows NW to reallocate the SCell resource to other UEs as soon as possible. 

Observation 3: UE-initiated SCell activation/deactivation scheme could bring the benefit for both UE power consumption and NW SCell resource utilization improvement. 
Then based on above observtions, it is proposed that

Proposal 1: NR supports UE initiated SCell activation/deactivation mechanism.

In the UE initiated SCell activation/deactivation, UE can report the assistance information to NW, and NW can take it into account for the SCell operation decision. For the reporting procedure, it could be via RRC or MAC signaling. If reported via RRC signaling, it can be in UEAssistanceInformation message, and if reported via MAC signaling, a new MAC CE can be introduced for it. 

Proposal 2: UE assistance information on SCell activation/deactivation can be reported via RRC UEAssistanceInformation message, or via a new MAC CE. 

The SCell activation/deactivation related assistance information can consider the following one or more options:

· UE preferred activated or deactived SCell index;

· UE preferred SCell deactivation timer value;

· UE preference on CA activation/deactivation;

· Potential UE data amount for UL/DL transmission.

Proposal 3: The assistance information on SCell activation/deactivation should consider the following informations:

· UE preferred activated or deactived SCell index;

· UE preferred SCell deactivation timer value;

· UE preference on CA activation/deactivation;

· Potential UE data amount for UL/DL transmission.

3 Conclusion
According to the analysis in section 2, we propose that:
Proposal 1: NR supports UE initiated SCell activation/deactivation mechanism.

Proposal 2: UE assistance information on SCell activation/deactivation can be reported via RRC UEAssistanceInformation message, or via a new MAC CE. 

Proposal 3: The assistance information on SCell activation/deactivation should consider the following informations:

· UE preferred activated or deactived SCell index;

· UE preferred SCell deactivation timer value;

· UE preference on CA activation/deactivation;

· Potential UE data amount for UL/DL transmission.

