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1 Introduction
It is well known that power consumption is high when carrier aggregation is enabled on a UE and it is valuable to further discuss the method to reduce the power consumption when carrier aggregation is enabled. This paper provides some initial consideration on introducing CC-groups which corresponds to UE’s power consumption states and show the benefit on UE power saving when the CC-group for power saving is introduced.

2 Power consumption for NR carrier aggregation 

In Rel-15 NR, up to 16 carriers can be configured for a UE for carrier aggregation. Once the carriers are configured and activated by the network, the UE needs to keep all necessary related modules running to process all activated carriers. It is well known that power consumption is high when carrier aggregation is enabled on a UE and it is valuable to further reduce the power consumption when carrier aggregation is enabled.
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Figure 1 Illustration on UEs when carrier aggregation configured and enabled
An example is shown as in Figure 1. All component carriers CC1, CC2, CC3 and CC4 are configured and activated. All corresponding modules that are used to process the component carriers need to be ready for processing the potential PDSCH scheduling over the component carriers. Hence, the UE needs to maintain the RF chain to work with a larger RF bandwidth (UE RF bandwidth2) to cover all CC1, CC2, CC3 and CC4, even when during a certain duration there is only PDSCH scheduled over CC1 and CC2. 
The RF bandwidth of the UE needs to cover all bandwidth of CC1, CC2, CC3 and CC4 when all four component carriers are activated. This leads higher power consumption even when there is no PDSCH scheduled for transmission on CC3 and CC4 for a certain time duration. Besides the RF part, the baseband part also needs to be ready for processing potential scheduling of PDSCH on CC3 and CC4.

Activating/de-activating carriers by using MAC CE would be a method to reduce the UE power in this case. However, it is known that layer 2 activation/de-activation signaling has long latency and it is difficult for gNB to predict the downlink traffic for a long duration and timely deactivating/activating component carriers for power saving.
Hence, it is proposed to further discuss power consumption reduction for CA case.

Proposal 1: consider further power consumption reduction on UE when carrier aggregation is enabled.

3 Consideration on power saving for carrier aggregation

As shown in Figure2, for UE 1 and UE 2, if PDSCH is only transmitted in CC1 and CC2 for certain time duration, it is possible for UE to just use a narrower bandwidth of RF bandwidth1 for processing the scheduling in CC1 and CC2. When one CC in {CC1, CC2} and another CC in {CC3, CC4} are activated, UE will always use larger RF bandwidth (e.g. for UE2 in Figure2) or more RF chains (e.g. for UE1 in Figure2) to be ready for processing the PDSCH scheduled in any activated component carriers. In this case, more power is consumed on UE. 
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Figure 2 UE power consumption may be different for different UE implementation
It can be found that all the activated component carriers can be grouped into CC-groups, where the number of CC-groups corresponds to different power consumption levels at the UE side. An example is for UE1 in Figure 2, {CC1, CC2} can be grouped as a CC group and {CC3, CC4} as another CC group. If PDSCH is scheduled only in CC1 and CC2, which is in the same CC group, the UE can use a narrower RF bandwidth to process the scheduled component carries. However, if PDSCH is scheduled on CC1 and CC3, which belongs to two different CC-groups, UE needs to use higher power to use wider RF bandwidth to process the PDSCHs. 

Hence, it is proposed to enable UE to report the above CC-group information to gNB for enable further power saving on UE. For example as in Figure2, {CC1, CC2} can be reported as a CC group for UE power saving and {CC3, CC4} as another CC group for UE power saving. Scheduling inside either {CC1, CC2} or {CC3, CC4} can corresponds to a low UE power state, and cross scheduling between these two groups corresponds to a higher UE power state.
By introducing the CC group for power saving, different ways for further reducing the power consumption is feasible. One example is as shown in the Figure3, when UE reports the CC group X as {CC1, CC2} and CC group Y as {CC3, CC4}, and if the network confirms the usage of the reported CC groups for power saving, UE can turn off the corresponding modules for processing carriers in CC group Y, and just keep essential modules to process carriers in CC group X, which contains the primary carrier CC1. In this case, when PDSCH is scheduled in either CC1 or CC2, dynamical scheduling with K0 can be used, where K0 is configured by higher layer. However, when either CC3 or CC4 is scheduled, the scheduling delay K0 should include an additional time for UE warm-up/retune the modules to process the carriers in CC group Y. The additional time for UE warm-up/retune can be fixed or configured by higher layer. As shown in Figure3, the UE can stay in lower power consumption states when there is no CC in CC group Y scheduled.
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Figure 3 illustration on one example for CC group for power saving
For further consideration, it would be possible to introduce CC-group level MAC CE activating/deactivating mechanism while supporting dynamic activating inside one CC group. Due to the module for processing different component carries in the same CC-group is similar, the delay for enabling of component carriers in the same CC-group would be small and hence can be dynamic.

From gNB’s point of view, it would be also helpful to scheduling algorithm by knowing the UE’s CC-group information for power saving. One example is that gNB can try to avoid inter-group cross-carrier scheduling to save UE  power, or at least the UE power saving can be considered as one aspect into the scheduling decision.
4 Conclusion
The UE power consumption is a concern for CA deployment. Hence, it is necessary to discuss further power consumption reduction for CA case. This paper provides some initial consideration on introducing CC-groups which corresponds to UE’s power consumption states and show the potential benefit on UE power saving when the CC-group for power saving is introduced.

Proposal 1: consider further power consumption reduction on UE when carrier aggregation is enabled.
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