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1. [bookmark: OLE_LINK14][bookmark: OLE_LINK13]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, it is important to consider energy consumption as an integral component in the feasibility analysis of SBFD in the study item.
2. Discussion
It was agreed in RAN4 104-e meeting (August 2022) that SBFD operation requires new/enhanced implementation for gNB capable of SBFD and cannot be a software upgraded to an existing gNB. Compared with current time-division duplex (TDD) infrastructure, radio-frequency (RF) chain components will be modified or/and additional components will 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 is to try to enhance the capability of the existing digital pre-distorter in the RF transmit chain [1] (see figure 1). However, this requires additional circuitry and/or digital processing with limited gain potential.  
[image: ]
[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. 

In addition, self-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], as shown in figure 2. 
[image: ]
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. 

SBFD may impact several components of the analog front end of the receiver. For example, the output power capability of the LNA may need to be increased to avoid being pushed into compression due to the presence of self-interference which acts as a blocker. Additionally, the bitwidth of the analog to digital converter may need to be extended to handle the presence of the self-interference prior to cancellation in the digital front end (DFE). Another approach proposed in [4] it is to perform analog self-interference cancellation prior to the LNA, which requires additional hardware.
All these factors may increase the power consumption due to additional hardware and/or digital processing especially in systems with massive multiple-input multiple-output (MIMO). The complexity (and thus power consumption) of some techniques for handling the self-interference scale as the product of the number of Tx antennas and Rx antennas which can be quite large. Assessing the power consumption as an integral part of the feasibility analysis will help an operator understand the trade-off between extended UL cell coverage/reduced latency and the required energy to achieve that. 
[bookmark: _Hlk113035601]Studying energy consumption for SBFD was discussed in RAN1#110 meeting (August 2022). It is natural that studying how much additional energy consumption is incurred by a new scheme should always be an integral part of assessing whether a new scheme is feasible in practice. However, some companies pointed out that the energy aspect was not highlighted by the currently agreed SID in RP-221352. Hence, we propose to clarify that the feasibility study in the SID objectives also includes aspects of energy consumption.
Proposal 1: Clarify that the feasibility analysis of SBFD in the SID RP-221352 includes studying aspects of energy consumption.

Proposal 2: Agree the following modifications to the objectives of the SID in RP- 222458.
· Objectives:
· Identify possible schemes and evaluate their feasibility and performances, where feasibility also includes aspects of energy consumption at gNB (RAN1).
· Study inter-gNB and inter-UE CLI handling and identify solutions to manage them (RAN1). 
· Consider intra-subband CLI and inter-subband CLI in case of the subband non-overlapping full duplex.
· Study the performance of the identified schemes as well as the impact on legacy operation assuming their co-existence in co-channel and adjacent channels (RAN1).
· Study the feasibility of and impact on RF requirements considering adjacent-channel co-existence with the legacy operation (RAN4).
· Study the feasibility of and impact on RF requirements considering the self-interference, the inter-subband CLI, and the inter-operator CLI at gNB and the inter-subband CLI and inter-operator CLI at UE (RAN4).
· Note: RAN4 should be involved early to provide necessary information to RAN1 as needed and to study the feasibility aspects due to high impact in antenna/RF and algorithm design, which include antenna isolation, TX IM suppression in the RX part, filtering, and digital interference suppression.
3. Conclusion
This contribution discusses the energy consumption associated with SBFD. In particular, the following proposals are made:
Proposal 1: Clarify that the feasibility analysis of SBFD in the SID RP-221352 includes studying aspects of energy consumption.

Proposal 2: Agree the following modifications to the objectives of the SID in RP- 222458.
· Objectives:
· Identify possible schemes and evaluate their feasibility and performances, where feasibility also includes aspects of energy consumption at gNB (RAN1).
· Study inter-gNB and inter-UE CLI handling and identify solutions to manage them (RAN1). 
· Consider intra-subband CLI and inter-subband CLI in case of the subband non-overlapping full duplex.
· Study the performance of the identified schemes as well as the impact on legacy operation assuming their co-existence in co-channel and adjacent channels (RAN1).
· Study the feasibility of and impact on RF requirements considering adjacent-channel co-existence with the legacy operation (RAN4).
· Study the feasibility of and impact on RF requirements considering the self-interference, the inter-subband CLI, and the inter-operator CLI at gNB and the inter-subband CLI and inter-operator CLI at UE (RAN4).
· Note: RAN4 should be involved early to provide necessary information to RAN1 as needed and to study the feasibility aspects due to high impact in antenna/RF and algorithm design, which include antenna isolation, TX IM suppression in the RX part, filtering, and digital interference suppression.
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