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1 Introduction
In last meeting, a big TP in [1] was approved for TR 38.858 to capture all agreed TPs.
In this contribution, we provide some comments or text proposal for clause 9.2~9.4 for FR1 BS.
2 Text Proposal
[bookmark: OLE_LINK7][bookmark: OLE_LINK6]<<Start of Change for TR 38.858>>
9.2.2.3	Conclusion
Editor's note: This section captures the conclusion for feasibility study on co-channel inter-sub-band co-site inter-sector interference based on RAN4 agreement. 

[bookmark: _Hlk146756737]Based on the analysis on co-site inter-sector co-channel inter-subband interference provided in Section 9.2.2 for FR1 wide area BS, it can be observed that the implementation feasibility of controlling the co-site inter-sector co-channel inter-subband interference to meet the target (i.e., being less than certain level of receiver desensitization) depends on the implementation aspects including:
· Maximum BS transmit power
· Number of co-site, co-channel sectors and the separation between them and other site constraints
· The achievable spatial isolation and use of absorbing material and choke structure depending on site constraints
· Beam nulling/isolation capability 
· Tx frequency isolation
· Frequency isolation at the TX and RX and the implementation of subband filtering	Comment by Huawei: It can be aligned with clause 9.2.1
· The digital interference suppression/cancellation capability.

[Based on the different assumptions and/or technique adoption for the above-mentioned implementations aspects, and based on 4 companies’ technical inputs, 2 companies have come to the conclusion that the implementations can achieve reasonable residual level for co-site inter-sector co-channel inter-subband interference, up to 1dB desensitization, while other 2 companies have come to the conclusion that the implementations are not able to achieve that because the receiver is saturated, and the RX processing is not feasible, based on co-site deployment limitation and technology roadmaps that are viewed by the 2 companies as viable in the current time or foreseeable future.]
<<Next Change>>
9.3.1.2	Feasibility study on self-interference
Editor’s note: This section captures the feasibility study on self-interference based on individual companies’ analysis.
[bookmark: _Toc60776763][bookmark: _Toc139045006]9.3.1.2.1	Nokia
Table 9.3.1.1-1 presents the company’s view on the self-interference mitigation analysis for a medium range base station with 36 dBm total output power. The RSIC capability corresponds to 110 to 120 dBc which is achieved using a combination of spatial isolation (60 dBc), Tx beam nulling (0-5 dB, only applicable in the Tx subband), frequency separation (45 dBc), and digital IC techniques (5-10 dBc). Under such considerations, the self-interference observed in the 20 MHz UL subband is dominated by transmitter ACLR and receiver selectivity with a magnitude of approximately -74 dBm prior to digital IC and up to -84 dBm after digital IC, while the noise floor is -91.0 dBm. This results in a non-negligible desensitization of the receiver which would degrade more or less the system performance depending on the deployment ISD, UL link budget, etc. 
The assumptions and corresponding justification are presented below with focus on the main differences with respect to the wide-area analysis in Section 9.2.1.2.6.
Spatial isolation
The same techniques to achieve spatial isolation in FR1 wide-area base stations can be applied to medium-range base stations as well. Nevertheless, the following differences should be noted:
· Medium range BS have typically smaller form-factor than the wide-area BS, e.g. down to 30x30x10 cm. The absolute physical separation between Tx and Rx panels needs to be smaller than for wide-area BS to keep the relative increase of the BS enclosure to a reasonable level. 
· Medium range base stations may have a lower number of TRXs as compared to wide-area base stations. This could result in higher coupling per Rx chain.
Considering these two aspects, 60 dBc of spatial isolation is considered. 
TX Beam nulling / isolation in TX sub-band
With only a relatively low number of TRXs, the potential of Tx beam nulling techniques is reduced. Only 0-5 dBc is considered, under the assumption of at most 1 dB of EIRP loss.
RF IC and other tech. (before LNA)
If the number of TRX is significantly lowered compared to massive MIMO, there is a possibility for RF IC to be feasible. However, this all depends on the implementation. With a low number of TRXs, the spatial isolation to a single RX port would likely be lower than for an implementation with a large number of TRXs – possibility necessitating RF cancellation paths to compensate. The overall SIC capability would be similar in both cases.
Frequency isolation at RX
This all depends on the implementation. 

Digital IC
If the number of TRX is significantly lowered compared to massive MIMO, there is a possibility for digital IC to be feasible. However, this all depends on the implementation. Digital IC can be achieved by improving the DPD in the transmitter side to reduce the unwanted transmitter leakage components that fall in the UL subband, while receiver-side digital IC techniques are also required to supress the self-interference signal in gNB RX subband caused by non-ideal RX selectivity.
9.3.1.2.2	Ericsson
For the medium range BS, four implementation scenarios are presented in Table 9.3.1.1-1. In the first scenario, the RF is assumed to perform at the absolute minimum needed to meet the 3GPP requirements. In the second scenario, an improved RF performance that is still likely to be a reasonable commercial implementation is considered (called realistic). Two further scenarios are considered; one in which the receiver linearity is assumed to exceed the realistic scenario, which could lead to more significant compromises in power consumption, size etc. The other scenario is one in which realistic RF performance is assumed, but the transmitter is assumed to be 3dB lower than the maximum transmitter limit in power.
It can be observed that for a BS only built to meet 3GPP minimum requirements, the receiver performance is not sufficient to operate SBFD without significant desensitization. To operate SBFD, either receiver digital processing is needed with the realistic assumptions (the feasibility of achieving sufficient gain with such processing depends on the wider deployment scenario), or somewhat better receiver performance, or lower transmit power than the 3GPP maximum limit.
An explanation for the assumptions in the table are provided below.
Spatial isolation and beam nulling
For a medium range size AAS array, simulations show a spatial isolation of around 65-70dB, depending on the beam direction. With beam nulling, the isolation can be lifted to around 80dB, with in general less than 1dB cost in the downlink.

Analogue interference cancellation
With a smaller array size, analogue interference cancelation may be more feasible for a MR BS than for a WA BS. However, the number of interconnections is still significant. Furthermore, analogue IC requires that the same beam steering is applied on all RBs and all carriers, preventing sub-band precoding and multi-carrier operation. Also, in general analogue IC is not needed to avoid receiver saturation. Analogue IC has not been taken into account.

Analogue filtering
Analogue filtering is not realistic in an implementation for the same reasons described for the WA BS in section 9.2.1.2.2. Furthermore, analogue filtering is not really needed as the input power level to the MR receiver is generally manageable.

Digital interference cancellation and receiver processing
Digital sampling of the TX leakage interference and subtraction at RX is more feasible for a MR BS than for a WA BS. An alternative to digital cancellation of TX leakage could be an improved PA linearization at the transmitter side. The possibility of either improved PA linearization or digital IC is captured as 15dB digital IC.
At the receiver, the interference co-variance matrix can be estimated and the receiver MMSE-IRC algorithm can mitigate interference. The extent to which the receiver can mitigate interference depends on the overall interference structure, which depends on the profile of interfering UEs, other sectors and other base stations as well as the fading channel profiles in the environment. The study has not considered the deployment environment when considering feasibility of self-interference suppression, and hence a specific number for the suppression by means of receiver processing is not provided. However, it is noted that for the MR to operate with the “realistic” receiver and the maximum allowed transmit power, several dB of suppression would need to be achieved by digital processing.

9.3.1.2.3	ZTE
Table 9.3.1.1-1 presents the company’s view on the self-interference mitigation analysis for a medium range base station.
9.3.1.2.4	Samsung
Table 9.3.1.1-1 presents the company’s view on the self-interference mitigation analysis for a medium range base station.
9.3.1.2.5	Huawei
Table 9.3.1.1-1 presents the company’s view on the self-interference mitigation analysis for a medium range base station.
<<Next Change>>
9.4.1.2	Feasibility study on self-interference
9.4.1.2.1 Ericsson
The self-interference suppression expectations for the LA BS class are provided in table 9.4.1.1-1. Two examples are provided. The first is an LA BS with RF performance just enough to meet 3GPP minimum requirements. The second is an LS BS with improved receiver performance, but still likely sufficient for a commercially viable solution.
The table suggests that, depending on variation in the achievable spatial isolation, some degree of improved receiver and/or digital cancellation may be needed for LA SBFD. However, in general self-interference suppression appears feasible.
Spatial isolation and beam nulling
The spatial isolation for LA is more difficult to quantify, as the array size and form-factor for a LA BS may vary significantly. LA SBFD could even be operated by placing TX and RX LA base stations at some distance. 70dB isolation has been assumed, and obviously the conclusions may vary if a smaller isolation is achieved. Beam nulling is not assumed, since a small array size is assumed.

Analogue interference cancellation
Analogue interference cancellation is more feasible for a LA BS with a smaller array size. The drawback would be the need to beamform on the same way on all RB and all carriers for a LA BS. Potentially analogue IC could be considered if the isolation for a particular design would be substantially less than 70dB.

Analogue filtering
Analogue filtering is not really needed for a LA BS due to the lower power in the TX sub-bands.

Digital interference cancellation and receiver processing
Digital sampling of the TX leakage interference and subtraction at RX is feasible for a LA BS. An alternative to digital cancellation of TX leakage could be an improved PA linearization at the transmitter side. The possibility of either improved PA linearization or digital IC is captured as 15dB digital IC.
Receiver combining could also potentially mitigate some interference although with a smaller array size, the degrees of freedom with which to do so would be lower than other BS classes.

9.4.1.2.2 CATT
In SI capability analysis, the following techniques are used,
· CFR is used to improve equipment efficiency, DPD is used for high power equipment to optimize ACLR. 
· Tx antennas panel and Rx antennas panel are separate, there are some isolation material between them, and cross polarization is also used. 
· Digital filter is used to resolve the adjacent sub-band (i.e. TX subband) interference issue. 
· Digital IC is used to reduce interference in the UL sub-bands.
From the analysis in Table 9.4.1.1-1, the following capabilities are needed,
· Frequency isolation capability of frequency isolation at TX is 45dB
· Spatial isolation is 70dB
· ACS is 55dBc
· IIP3 is -16dBm
· Digital IC is 10dB
The above capabilities except frequency isolation are improved compared with legacy LA BS, but it’s feasible from implementation point of view.

9.4.1.2.3 Nokia
The Nokia input in the Table 9.4.1.1-1 presents the company’s view on the self-interference mitigation analysis for a local area base station with 24 dBm total output power. The RSIC capability corresponds to 110 to 115 dBc for the Rx which is achieved using a combination of spatial isolation (60 dBc), frequency separation (45 dBc), and digital IC techniques (5-10 dBc). Under such considerations, the self-interference observed in the 20 MHz UL subband is dominated by transmitter ACLR and receiver selectivity with a combined magnitude of approximately -85 dBm prior to digital IC and -90 dBm to -95 dBm after digital IC, while the noise floor is -91.0 dBm. Even though there is a small desensitization of the receiver, it is feasible to operate the base station with acceptable performance as the coverage is not the primary target of local area deployments where the UL link budget and received UL power is generally very high. 
A detailed description of some of the key assumptions is provided below.
Spatial isolation and beam nulling
Approximately 60 dB of spatial isolation can be achieved for ceiling- or wall-mounted base stations with directive antenna radiation patterns although at the expense of larger form-factor to reach sufficient physical separation between Tx and Rx. For typical LA base stations with omni-directional antennas, the spatial isolation would be significantly lower, e.g., 30 dB or less, thus SBFD operation would be much more challenging or potentially unfeasible.
Tx beam nulling is not assumed due to relatively low number of TRXs.
Digital Interference cancellation techniques
Since the number of TRX is significantly lowered compared to mMIMO, there is a possibility for digital IC to be feasible. Digital IC can be achieved by improving the DPD in the transmitter side to reduce the unwanted transmitter leakage components that fall in the UL subband, while receiver-side digital IC techniques are also required to supress the self-interference signal in gNB RX subband caused by non-ideal RX selectivity.
9.4.1.2.4 ZTE
Table 9.4.1.1-1 presents the company’s view on the self-interference mitigation analysis for a local area base station.
9.4.1.2.5 Huawei
Table 9.4.1.1-1 presents the company’s view on the self-interference mitigation analysis for a local area base station.
[bookmark: _GoBack]<<End of Change for TR 38.858>>
3 Conclusion
In this contribution, we provide text proposal for FR1 BS.
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