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Introduction
The WF document R4-2302883 provides agreements on BS RF self-interference analysis for SBFD operation [1]. This document presents Nokia’s further views on the subject.

Discussion
0. RSI dependency on RMS or peak power of input signals
The WF document [1] presents the following open issue:
	2  Way Forward on RSI dependency on blocking, AGC and ADC
2.1 Assumption for input power metric to LNA
Agreement: 
· FFS gNB receiver saturation, non-linearity, and AGC model is based on 
· Option-1: RMS power of input signal 
· Option-2: Peak power of input signal.




The models may be based on either RMS power or peak power. However when providing values for the model, we assumed RMS power together with a reasonable headroom for PAPR of the signal. Using peak input power would be safer from implementation point of view, but in simulations, RMS power will be easier to use. If peak power was used, the model values would need to be changed to reflect the assumed signal PAPR.
Proposal 1: gNB receiver saturation, non-linearity, and AGC model is based on RMS power of the input signal.
RSIC analysis framework for FR1 wide area base station
The RSIC analysis framework table was agreed to be captured in the TR38.858, and further input could be placed in subsections:
	1.3  Residual Self-Interference Cancellation (RSIC) Analysis Framework  
The following agreements captured in RAN4 Chair Notes. 
· Agreement:
· RSIC analysis framework table shall be adopted for SBFD BS RF feasibility study to be captured in TR38.858, and subsection for different component capabilities shall be reserved to encourage companies’ inputs.
· RAN4 target to draw initial common observations based on the collected data till this meeting for self-interference analysis from BS aspect.
· RAN4 also target to list open issues for the cases which diverge views observed based on the data collected from companies
1.4  RSIC Component Capability Analysis  
[Moderator] There are several observations and proposals related to RSIC component capability analysis. However, companies’ results in RSIC analysis table should already take into account the effects of these RSIC component capability analysis. We suggest to aim in TR drafting, the views can be captured as the assistance materials for SBFD-capable BS implemenattion. Further analysis and discussion papers can be brought if needed. 




A Text Proposal included in the Annex is provided into the TR [2] to capture aspects of FR1 wide area base stations.
Proposal 2: Include the provided TP into the TR 38.858.
Conclusion
This contribution presents our further views on the SBFD BS RF feasibility aspects. The following proposals were made:
Proposal 1: gNB receiver saturation, non-linearity, and AGC model is based on RMS power of the input signal.
Proposal 2: Include the provided TP into the TR 38.858.
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Annex: TP to TR 38.858
< Start of TP to TR 38.858 >
10.2 Feasibility of FR1 Wide Area BS aspects
10.2.1	Self-interference analysis
Editor's note: This section captures the typical assumption based on which the RSIC capability is derived and analysis results
10.2.1.1	Frequency isolation techniques
The techniques to achieve sufficient frequency isolation may include:
· Transmitter digital filtering or windowing to clean the UL sub-band. This is required to clean the IFFT output of the linear leakage of the signal, otherwise the sinc spectrum of the IFFT will dominate the emissions on the UL sub-band. Requires new filter design with potentially tighter suppression requirements compared to the channel filter, due to the desire to minimize guard bands between DL and UL sub-bands.
· Tighter filter suppression requirements may mean longer filter impulse response and lead to signal EVM degradation.
· Transmitter digital pre-distortion to linearize the transmit chain and suppress PA distortion components. Achieving the same performance for sub-band leakage ratio as for ACLR will be more challenging, as the UL sub-band is closer to the DL sub-band(s) than the adjacent channel. The ACLR is averaged over the same bandwidth as the DL channel, with emissions likely decaying somewhat with offset. For inter-sub-band leakage, the offset is generally small, indicating tighter DPD requirements for the same absolute level of emissions. Moreover, the DUD frequency configuration will be challenging due to spectral regrowth from both sides of the UL sub-band, compared to DU configuration or the ACLR case.
· Higher DPD complexity translates to higher energy consumption.
· Higher energy consumption leads to increased heating, worse PA performance and thermal management issues. This may require larger and heavier cooling solutions.
Techniques which have been considered, but have significant challenges:
· Analog sub-band filtering in the RF domain. It has been demonstrated by simulations, that in order to achieve meaningful inter-subband filtering, high insertion loss must be accepted.
· High insertion loss before the LNA will increase the receiver noise figure, and negate any system gains of SBFD.
· High insertion loss placed after the LNA would be acceptable from noise perspective, but does not reduce LNA linearity requirements.
· The new sub-band specific filters would be operator’s spectrum specific and locking the spectrum configuration for any further changes or tuning. The existing bandpass filters for the operating band would anyway be required, suggesting that the new filters would double the filter size for the UL antenna panel. This all means higher cost and complexity.
10.2.1.2	Spatial isolation techniques
The techniques to achieve sufficient spatial isolation may include:
· Separate TX and RX antennas or antenna arrays. Increased separation from TX to RX will improve isolation.
· To maintain the same or similar physical size of the antenna, the number of elements per array need to be halved. This reduces the achievable array gain by at least 3 dB in both link directions, and has been demonstrated by simulations to degrade the system performance.
· To maintain baseline system performance, the number of antenna elements per array must be maintained, leading to an increased antenna size by at least 2x. This in turn means higher weight and wind load, increased complexity, increased trace losses which may need to be compensated, and in general higher cost.
· Separate TX and RX antenna arrays requires separate PWBs for the TX and RX, leading to a higher cost.
· Separate TX and RX antenna arrays leads to loss of reciprocity in the DL and UL channels, and makes reliable channel state measurements more difficult and complicated. The extent of this loss has not been studied.
· EM shielding techniques such as wave traps or chokes between the TX and RX arrays.
· Transmit beam nulling. The beamforming coefficients of the transmit beamforming may be modified so, that the energy coupled to the receive antenna elements is minimized.
· The modification of TX coefficients reduces the transmitted EIRP toward the intended UE, leading to further reduced DL performance unless compensated by increased conducted power.
· Based on simulations, some TX beams may be affected more than others, leading to potential scheduler restrictions in which UEs may be scheduled during the SBFD time slots.
· The transmit beam nulling is most effective on the DL sub-band, for which the transmit signal is known and can be beamformed. It is not assumed that transmit beam nulling is effective on the UL sub-band, which contains only unwanted emission components at the transmit side.
10.2.1.3	RF IC techniques and other techniques (before LNA)
The following techniques have been evaluated, but have significant challenges in FR1 wide area base station implementations:
· Analog cancellation in the RF domain. This method may be used to subtract the unwanted coupled TX signal components from the RX signal path, before the LNA. With proper phase shift and amplitude scaling, the TX component may be canceled.
· The number of cancellation paths in mMIMO base station can become excessively large. Every TX chain will couple to every RX chain, and correspondingly for complete cancellation, the number of cancellation paths becomes number of TRX^2. For typical 32 TRX or 64 TRX implementations, the complexity becomes prohibiting.
10.2.1.4	Frequency isolation techniques after LNA
The techniques to improve frequency isolation after the LNA may include:
· Analog baseband filtering for UL sub-band. A zero-IF receiver may include a separate analog baseband lowpass filter to cover the UL sub-band only, for a DUD SBFD configuration. Based on the time slot (DL or SBFD), the receiver will switch between the normal analog filter and the UL sub-band specific filter.
· This approach restricts multi-carrier operation of the base station. The UL sub-band specific filter allows only the reception of the UL sub-band during SBFD time slots.
10.2.1.5	Digital IC techniques
The following techniques have been evaluated, but have significant challenges in FR1 wide area base station implementations:
· Receive beam nulling. Similarly as in the transmit beam nulling, modifying the RX beamforming coefficients may be used to minimize coupling from the TX beams to the RX beams.
· However, the RX beamforming occurs only in the digital domain. There will not be any impact to analog and RF performance requirements.
· Digital cancellation. With knowledge of the TX signal, a properly scaled and phase shifted TX component may be subtracted from the RX signal to improve cancellation performance.
· The TX signal may be available from observation receiver that is used in the DPD processing. For a mMIMO implementation, the DPD system may utilize only a few observation receivers, that sample the TX chains sequentially. It may be necessary to multiply the number of observation receivers to be able to sample each TX chain, leading to increased cost and energy consumption.
· Each RX chain contains signals that are coupled from every TX chain. This means that the cancellation signal for each RX chain must be formed of every TX chains. The complexity can easily become extreme in a mMIMO implementation, with 32 or 64 TRXs. The complexity of the cancellation results in high energy consumption.
· The cancellation may work with different performance for the DL signal fundamental components (i.e. the DL PRBs) than for the unwanted emission components (i.e. leakage on UL sub-band). The DL signal may be easier to cancel than the unwanted emissions. For the unwanted emissions, it is more efficient to cancel them at the TX DPD.

10.2.2	Co-channel inter-sub-band co-site inter-sector interference analysis
Editor's note: This section captures the typical assumption of RF requirements and analysis results.
10.2.2.1	Frequency isolation techniques
The same frequency isolation techniques apply as for self-interference.
10.2.2.2	Spatial isolation assumptions
The spatial isolation mechanisms for co-site inter-sector case are in principle similar to the self-interference case. In addition, these aspects need to be considered:
· Element-to-element isolation is easier to manage within a single antenna enclosure, where all parameters and physical dimensions can be controlled. Isolation between sectors occurs due to unwanted radiation towards the back of the antenna, which is more difficult to control. The geometry between the antennas of different sectors can be difficult to adjust precisely, meaning that the element coupling can be difficult to predict.
· It has been suggested that EM shielding material between sectors may be used. This is not possible in all installations, but may possibly be an option in some installations. The effectiveness of the EM shielding has not been studied.
· Transmit beam nulling may be possible across different sectors, but this adds a lot of complexity to the nulling algorithm, and the performance has not been studied.

10.2.3	Co-channel inter-sub-band inter-site interference analysis
Editor's note: This section captures the CLI modeling. As approved previously, ACLR and ACS value can be reused. 
10.2.4	Summary
Editor's note: This section captures the conclusion of BS SBFD feasibility. 
< End of TP >

