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Introduction
Energy cost has been increased in most places around the world. This has in turn increased the cost of running a cellular network, particularly at the radio access network (RAN) side, and the additional power consumption associated with introducing any new technology needs to be carefully considered. Sub-band full-duplex (SBFD) has the potential to provide for increased UL cell coverage and reduced latency and these benefits would clearly be very attractive for operators. However, power consumption at the base station (BS) side may also increase using this technology which could limit the potential advantages of using SBFD when energy cost is considered. Therefore, a more comprehensive evaluation is needed for SBFD where energy consumption is also considered in the performance evaluation.
Performance Metric
Additional energy consumption associated with SBFD

Compared with legacy time-division duplex (TDD), radio-frequency (RF) chain components may need to be modified or/and additional components could be needed for SBFD. For example, improved linearization of the RF transmit chain may be needed to mitigate the out-of-band interference from the downlink (DL) signal to the uplink (UL) signal [1].
One potential mechanism is increasing the back-off of the power amplifier (PA).  This means the energy consumption is increased due to the use of a PA with higher direct current (DC) level to provide the same maximum output power at the RAN after we back off the output power of the PA [2]. 
Another potential mechanism to linearize the RF transmit chain is to use digital pre-distortion (DPD) [1]. This could decrease the back-off needed at the PA. However, a dedicated DPD unit per antenna/PA branch could be needed [1, 3], as shown in figure 1. Additional feedback chains could also be needed to feedback the output of the transmit (Tx) chain to DPD.
In addition, to improve the linearization of the RF Tx chain, successive interference cancellation (SIC) could be needed at the RF receive (Rx) chain to remove any remaining interference in the digital baseband.  This could be added per Rx antenna branch [1,4], as shown in figure 2. 

All these factors could increase the power consumption, especially in massive multiple-input multiple-output (MIMO). Introducing a metric for the additional energy consumption associated with SBFD technology will help operator understand the trade-off between extended UL cell coverage/reduced latency and the required energy to achieve that.

Proposal 1: Introduce an evaluation metric for the additional energy consumption of SBFD at the BS side.
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[bookmark: _Ref102058719]Figure 1. Example of potential modifications on the RF transmit chain that could impact energy consumption. Blue highlighted RF components are more likely to impact the energy consumption at the BS. 
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Figure 2. Example of potential modifications on the RF receive chain that could impact energy consumption. Blue highlighted RF components are more likely to impact the energy consumption at the BS. 

Since a large portion of the BS energy consumption is from PA, it may be reasonable to consider the PA energy consumption. Increasing the amount needed to back off the PA helps to linearize the RF transmit chain. However, PAs with a higher DC usage will be used to compensate the output power loss. So, comparing the PA energy consumption between SBFD and legacy TDD is a reasonable thing to consider. 

DPDs could be used to linearize the RF transmit chain and in analog successive interference cancellation SIC [1]. As the number of antennas increases at the BS, the number of DPDs could increase as well, which will increase the overall energy consumption. The energy consumption from the feedback chain to each DPD could also increase the energy consumption, especially in massive MIMO. Therefore, comparing the energy consumption from DPDs (including feedback chains) between SBFD and legacy TDD is a reasonable thing to consider.

Digital SIC could be used at the RF Rx chain to remove any remaining interference in the digital baseband. This could increase the energy consumption, especially in massive MIMO. Therefore, it is reasonable to consider its impact on the energy consumption. 

Proposal 2: Define the additional energy consumption for SBFD as follows:



·  Percentage of the additional energy consumption for SBFD.
· Total energy consumption from all DPDs used in SBFD (including energy consumption from all feedback chains). 
· Total energy consumption from all PAs used in SBFD.
· Total energy consumption from SIC used in SBFD (including any additional associated components). 
· Total energy consumption from all DPDs used in legacy TDD that was compared with SBFD (including energy consumption from all feedback chains). 
·  Total energy consumption from all PAs used in legacy TDD that was compared with SBFD.





Conclusions
This contribution discusses the energy consumption associated with SBFD. In particular, the following proposals are made:
Proposal 1: Introduce an evaluation metric for the additional energy consumption of SBFD at the BS side.

Proposal 2: Define the additional energy consumption for SBFD as follows:



·  Percentage of the additional energy consumption for SBFD.
· Total energy consumption from all DPDs used in SBFD (including energy consumption from all feedback chains). 
· Total energy consumption from all PAs used in SBFD.
· Total energy consumption from SIC used in SBFD (including any additional associated components). 
· Total energy consumption from all DPDs used in legacy TDD that was compared with SBFD (including energy consumption from all feedback chains). 
·  Total energy consumption from all PAs used in legacy TDD that was compared with SBFD.
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