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1. Introduction

There was considerable discussion on the evolution of duplex in the recently held Rel 18 workshop and subsequent email discussions.  The outcome of these discussions has been summarised in an input for study to the RAN 94 e  meeting. 

The objectives of the study are shown below:

-Identify applicable and relevant deployment scenarios and use cases (RAN1).

 − Develop evaluation methodology for duplex enhancement (RAN1). 

− Study the subband non-overlapping full duplex and potential enhancements on dynamic/flexible TDD. 

○ Identify possible schemes and evaluate their feasibility and performances (RAN1).

 ○ Study inter-gNB and inter-UE CLI handling and identify solutions to manage them (RAN1). 

◾ Study their impacts on inter-gNB interfaces if needed (RAN3). 

◾ 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 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). 

○ Study the impact on RF requirements considering adjacent-channel co-existence with the legacy operation (RAN4). 

○ 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. 

○ Summarize the regulatory aspects that have to be considered for deploying the identified duplex enhancements in TDD unpaired spectrum (RAN4).

The above objectives do not address all the issues of interference mitigation that could arise in a practical deployment. 

2. Commentary on the Objectives
5G systems are now being deployed worldwide and are largely using TDD. The spectrum allocations are usually made for several years and assume frame structures for the MNOs that must be adopted by all. These frame structures are in turn enshrined in local regulations. Take the following case where spectrum is allocated to say 3 MNOs:
MNO1 : 3.4- 3.46 GHz

MNO2 : 3.46- 3.52 GHz

MNO3 3.52 – 3.58 GHz- :
If MNO2 employs the evolved duplex scheme as proposed in the SI, then in addition to a cross link interference (CLI) between DL and UL for MNO2, additional interference between MNOs 1 and 3 will also need to be considered. Whilst MNO2 may be able to employ interference cancellation techniques to mitigate its own CLI,  the cancellation of interference between MNOs is very difficult as there is no apriori knowledge of transmitted and received signals between MNOs. .Filtering to limit adjacent operator interference may require specific RF filters to realise the isolation required  and this may require new antennas for all MNOs ; Furthermore,  MNO1 and 3 could justifiably ask MNO2 for the compensating the costs.  Additionally,  to implement such filters guard bands may be needed to realise the filter roll off required. MNOs 1 and 3 could justifiably ask MNO2 to provide the guard band from its own spectrum. Besides filtering judicious positioning of the base stations may be needed but there may be constraints as towers could be shared. All of this points to considerable practical and logistic challenges to operators/
As far as CLI for MNO 2 is concerned  the degrees of freedom available to mitigate CLI are more than the interference amongst operators. But here too this interference mitigation could require separate TX and Rx ports, specific antenna design to increase Tx/Rx isolation in addition to separate ports and additional signal processing techniques ( digital interference suppression). An example of this is subtractive interference cancellation. Nowadays beam forming architectures are implemented on a chip along with the antennas. So new chip designs must be made to realise the digital interference cancellers in addition to beamforming. 
A key metric in interference mitigation is the I/N ratio. Attention must be paid for the desired I/N ratio. For example an I/N of 0 dB will degrade the noise floor  by 3dB and in turn have an impact on coverage. Hence any coverage gains by the evolved duplex will at the very least cost a 3dB reduction of coverage!
Whilst the objectives of the study do address some of the above issues but some improvement is necessary as shown below:
3. Improvement to Objectives of Study
Revised objectives, with additional words in red are shown:
Study inter-gNB and inter-UE CLI handling and identify solutions to manage them (RAN1), identify UE impacts. Inter operator gNB should only be studied once Intra gNB ( own operator) is shown to be feasible.
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), assuming no impact on adjacent channels. Performance must be specified with respect to I/N values achieved. Performance of digital interference cancellation must be studied under different SNR conditions (corresponding to cell edge, median and good) including the impact of CSI imperfections.
○ Study the 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). Identify isolation requirements, guard bands if any required for inter operator spectrum filtering.
○ Study the impact on RF requirements considering adjacent-channel co-existence with the legacy operation (RAN4).  Identify filtering requirements for adjacent channel co-existence vs I/N achieved.
○ 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. The antenna RF design and digital filtering will have an impact on the antenna form factor and power consumption. This should be identified.
4. Conclusion
This contribution has provided comments on the SI objectives for evolved duplex. Improved wording on the study item objectives is provided for discussion.
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