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1	Introduction
The duplexing enhancements SI aims to study the feasibility of duplexing enhancement methods, in particular SBFD. In this contribution, we discuss some general aspects that should be taken into account in RAN4 when considering feasibility and RF requirements.
[bookmark: _Ref178064866]2	Discussion
Duplexing enhancements and in particular SBFD present an interesting and promising means to improve TDD uplink performance. Benefits can include increase UL coverage by up to 4 dB (i.e., 10log(5 times more UL slots) – (3dB relative difference in antenna size compared to non SBFD gNB), improving latency by up to 2msec (2.5msec down to 0.5msec) and the ability to move DL capacity to UL. The main challenges are in managing interference towards the UL sub-bands of the SBFD slots. Also, part of the feasibility study is to consider whether there are potential impacts of SBFD on deployment complexity and factors that impact operators operational costs.

Modelling of transmitter and receiver
The key issue in regard to the basic feasibility of SBFD is the ability to supress interference from the downlink sub-band to the uplink sub-band. Emissions from the DL transmitter may be supressed by means of TX-RX antenna isolation, RF suppression of emissions and analogue / digital interference cancellation techniques. Interference relating to the receiver may be supressed by means of TX-RX antenna suppression, enhanced receiver designs that provide greater linearity, greater dynamic range, reduced phase noise etc. and potentially analogue and digital interference cancellation.
In order to properly quantify the feasibility of emissions suppression, enhanced reception and interference cancellation techniques it is highly important to have a proper model of what it is that is to be supressed / cancelled. As an example, cancelling the IM products of a PA modelled using a RAPP model is a problem that is of a much lower order of magnitude than cancelling the output of a commercial, optimised BS transmitter including CFR, DPD, filtering etc. over multiple carriers and bands. Thus, for a proper evaluation of the potential of suppression and cancellation it is essential to have a good description of the major TX and RX processes.
[bookmark: _Toc115107057]Frameworks and model for TX and RX processes to be agreed in order to properly assess interference suppression and cancellation gains

Energy aspects
Energy saving is of key importance to operators in terms of both their operating costs and environmental commitments. By potentially increasing coverage, SBFD may have the potential to reduce overall network energy footprint. On the other hand, aspects needed for SBFD such as additional signal processing for cancellation, more linear PA or LNA operation, larger receiver dynamic range etc. may increase the energy consumption of each individual basestation.
A detailed analysis of node and network level energy consumption based on an agreed metric is not really in the scope of the duplexing SI and should be left for an investigation on network energy. However, it is of high importance that the impact on energy consumption is not completely ignored during the SI. As a minimum, the potential sources of reduction and increase of energy consumption should be understood at a qualitative level and documented.
[bookmark: _Toc115107058]Sources of energy gain and loss to be documented in a qualitative manner

Site deployment aspects
If a gNB supports SBFD then it needs to separate TX and RX antenna panels and to provide an isolation structure in-between. If the physical size of the gNB is kept to be the same as non-SBFD gNB then this implies that the antenna gain in each of the TX and RX directions is reduced by at least 3dB. Alternatively, the physical size of the gNB can be increased to more than double that of a non-SBFD gNB (i.e. 2 panels plus isolation structure). 
In some bands, in particular in FR2 it may be that the increase in size and weight of the BS if the size is doubled is of low consequence. In other situations, however it main impact site logistics, wind load, rental and zoning. The potential impacts of an increase of gNB size on operator deployment should be considered and noted as part of the study.
[bookmark: _Toc115107059]Impacts to site logistics of any increases in gNB size to be documented in a qualitative manner.

Studies in RAN1 and RAN4 have shown that for multi-sector deployments, interference from the DL sub-bands of other sectors may have a very significant impact on SBFD performance. During RAN4#104bis, it was suggested that installation of isolating materials at the site may be a means to mitigate this interference. Apart from the performance of the solutions, the impact to site logistics should be considered, such as deployment complexity, zoning considerations, wind load impacts, durability and fragility of the isolation materials, weight etc. These site considerations may have a significant impact for some types of deployment.
[bookmark: _Toc115107060]Schemes to mitigate inter-sector interference should describe impact to site aspects such as deployment complexity, wind load, zoning, isolating material weather durability etc.

Multi-carrier and multi-band operation
Due to the large and diverse spectrum and band arrangements for 5G, it is of high importance to support multiple carriers, bands and RATs with simple site complexity and manageable form factors. Much of the analysis for SBFD has focussed on a single carrier scenario. However, mounting a BS for a single carrier only is likely to be highly undesirable for many scenarios. Some potential issues to consider for multi-carrier operation are as follows:
· A multi-carrier and/or multi-band BS needs to perform PA linearization over all of the carriers, which changes the nature of the signal that needs to be cancelled by an interference cancellation algorithm.
· TX-RX isolation needs to be obtained with respect to all carriers transmitted by the BS. This means that the bandwidth over which the isolation is obtained needs to be sufficient wide to cover all cariers.
· To provide economies of scale, the TX-RX isolation needs to be achieved over the whole of the 3GPP band. This enables basestations to be built that can be configured according to operator’s spectrum needs and re-configured when needed. The alternative would be basestations with bespoke, operator specific antenna designs that would need to be optimized for each spectrum situation and which would be inflexible once deployed, needing BS replacement to change any carrier configuration.


[bookmark: _Toc115107061]Impacts of multi-carrier and multi-band operation on SBFD and vice-versa to be studied
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[bookmark: _Toc115107062]Antenna isolation, interference suppression etc. needs to be achievable across the whole 3GPP band in general
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Conclusion

Based on the discussion in the previous sections we propose the following:
Proposal 1	Frameworks and model for TX and RX processes to be agreed in order to properly assess interference suppression and cancellation gains
Proposal 2	Sources of energy gain and loss to be documented in a qualitative manner
Proposal 3	Impacts to site logistics of any increases in gNB size to be documented in a qualitative manner.
Proposal 4	Schemes to mitigate inter-sector interference should describe impact to site aspects such as deployment complexity, wind load, zoning, isolating material weather durability etc.
Proposal 5	Impacts of multi-carrier and multi-band operation on SBFD and vice-versa to be studied
Proposal 6	Antenna isolation, interference suppression etc. needs to be achievable across the whole 3GPP band in general
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