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1	Introduction 
In the previous RAN4 #106 [1] meeting, discussion focused on initial comparative analysis for feasibility self-interference parameters for BS.  In this paper we present our views on the parameters related to self-interference, updating our table for RSIC.  We also discuss feasibility related to inter-sector interference on BS implementation.
2 Discussion
In [2] values for self-interference were provided based on the gNB urban macro model.  In [3], our initial inputs for the RSIC comparative table were presented.  In this section 2.1, we discuss further issues related to self-interference as described in the WF.  In section 2.2 we present updated RSIC table values and inter-sector interference values.
2.1	Residual Self-Interference Cancellation (RSIC) Analysis WF   
2.2.1 Assumption on site deployment aspects
In the previous meeting the following WF [4] points were presented:· FFS the effect of clutter on achievable RSIC performance:
· FFS the clutter impact on digital IC in RSIC performance if needed
· FFS the deployment options to alleviate the cluster impact in the rooftop deployment: 
· e.g., the different gNB sectors may need to be installed on separate poles at the opposite corners:
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The effect of clutter on achievable RSIC performance is of some concern as we have previously discussed.  Nearby reflections, such as from an adjacent building wall or nearby billboard, can make for strong reflections of near or equal magnitude to the magnitude of the self-interfering leakage.  Because the delay is short for nearby reflections, in the discrete delay profile, these reflections can end up just a few IFFT bins away from the DC bin where the leakage occurs.  As such, reflections can be treated, or may require to be treated in the same manner as the primary leakage path.  When these reflections are fixed, the interference cancellation algorithm can be designed to include nearby reflections as well which is beneficial.  The trade-off, is that if the nearby strong reflections can also increase the bandwidth of the interference cancellation routine, degrading performance.
Observation 1, nearby clutter can appear similar to self-interference leakage and also be treated by the interference cancellation algorithm.
When the sectors are all co-located as in the left figure above, the delay between the sectors is minimal, which makes for more straightforward interference cancellation.  Yet there may be coverage issues, that prevent one or more sectors from attaining optimal performance.  For this case (right figure above) it may be better to place sectors on opposite corners of the building.  The trade-off of this is that there is an increase in the delay between sectors and interference cancellation performance can be negatively impacted.
Observation 2, for interference cancellation, two effects can both degrade performance: 1) strong reflectors that require the cancellation algorithm to treat finite delays and 2) feedback delay that can occur when sectors are physically located at some distance apart.
2.2.2 Impact of multi-carrier support at BS· For the impact of SBFD on the multi-carrier BS: 
· FFS the effect of multi-carrier aspects on many related feasibility aspects such as improved linearization, CFR, filtering, PIM, beam nulling and digital interference cancellation

In a traditional radio system, front-end band filters and careful band planning provided sufficient isolation that multi-carrier signals are completely orthogonal.  Yet for full duplex, the various leakage paths between the Tx and Rx make for unique situations that warrant further consideration.  For multi-carrier analysis we should still assume that the multi-channels will be placed sufficiently far apart, that any potential IF in the radio, would not allow direct adjacent or alternate channel leakage. Yet beyond the nearby adjacent channels, each Tx have a flat noise that could be up to ~30dBc in power.  For this case, each Tx will contribute, through its own leakage path to a noise that could be considerable in the victim Rx.
Observation 3: If we assume that the far out noise is always less than the adjacent channel power, then having multiple Tx operating on multi-carrier will have only small impact on the total leaked signal power.
Another aspect is what happens if digital interference cancellation is employed?  In this case, the digital IC may null the adjacent channel energy to the point that the far out noise from a multi-carrier Tx could become a contribution.
Proposal 1: In the case of multi-carrier, we should add analysis to account for the impact of far out noise.  This will limit the effectiveness of potential digital IC since far out noise won’t be cancelled.
2.2.3 Assumption for input power metric to LNA· 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.


Different aspects of the typical receiver chain are best characterized by RMS or peak signal power.  For the ADC which has a hard clipping of any signal at the maximum or minimum peak, it is preferable to describe signal power in terms of peak power.  For the typical LNA operation, even with moderate blockers, the signal input is relatively small so that primarily third order non-linearity is activated, but not strong compression.  For this case, rms power is better to describe the signal power.  Considering the signal levels from RSIC and inter-sector leakage in the following section, we see that the maximum expected signal input is -39dBm.  Yet, in RAN4 #106, the Rx model agreed was for a maximum LNA input up to -25dBm.  So, we can see that the LNA is always operating with considerable back-off from its maximum expected value.
As long as the LNA, AGC are the key limitations to the maximum signal size, we should use RMS power.  Currently, there is no proposal to model the ADC.  If the ADC becomes necessary to model, we should consider peak power at the ADC input.  It is further noted that in [4], it was agreed that ADC performance is not limiting.
Observation 4, since the maximum expected input from RSIC and self-interference leakage is on the order of ~-40dBm, the Rx will always be operating in a weak non-linear region where RMS power is the best way to measure signal power.
Proposal 2, We should agree to model the gNB Rx for LNA and AGC with Option 1, RMS power of the input signal.
2.2	FR1 Self-Interferences and Inter-Sector Interference tables 
In this section we provide updated RSIC tables and Co-site, Inter-Sector interference tables.
For the RSIC table, in addition to the Wide Area BS table that we provided for RSIC in [3], we further add RSIC tables for Medium Range BS, and Local Area BS in Table 1.  We have also updated some values for Wide Area BS based on learnings and agreements from the previous meeting.
For the Co-site, Inter-Sector interference table, we include analysis for WA BS, MR BS and LA BS in Table 2.
We share some observations about key inputs to the interference tables:
Self-Leakage Spatial isolation capability ③:  While the Wide-Area BS allows for large physical separation between the Tx and Rx antenna panels, the Medium-Range BS and the Local Area BS have less opportunity to find separation in physical implementation.  Physical implementation size becomes a key design factor for MR BS and LA BS.  Especially for the LA BS, the panel separation may be limited. The reduced separation results in spatial isolation values of 70dBc, 60dBc and 55dBc respectively.
Co-Site, Inter-Sector isolation capability ③: For Inter-sector isolation, we assume 10dB better isolation, per sector, than the Tx to Rx panel isolation achieved for co-sector.  This is due to significant physical separation that is possible between sector AAS.  For combining the interference from two sectors, we combine the power, leading to an assumption of 7dB improvement compared to the co-sector case.  The values for sector isolation are then given as 77dB for WA BS and 67dB for MR BS.
RF interference cancellation capability ⑤: In our view, the increased hardware cost of RF interference cancellation is well justified and even required to achieve adequate RSIC and Inter-sector interference cancellation for the WA BS, and MR BS. Although higher RF IC performance may be possible, we use the somewhat more moderate values of 11dB in the Tx SB and 10dB in the Rx SB.
For the LA BS, the design is more cost sensitive, and no RF IC is assumed.  Fortunately, since the Tx power is lower, there is less need for RF interference cancellation, and the overall RSIC is still acceptable without RF IC.
Tx beam nulling for SI ④: Tx beam nulling is essential to achieving adequate blocking levels in the gNB Tx SB at the LNA input. In previous meetings we had assumed a higher linearity LNA that could tolerate larger blockers.  Now we are assuming the LNA with agreed NF degradation that begins to degrade at -43dBm, so we also now assume beam nulling.
Without sufficient Tx beam nulling, the SI signal in the gNB TX SB at the input of the LNA will be overly strong and degrade the RX noise performance.  It is expected that a small degradation in Tx EIRP will result from the Tx beam nulling.  Tx beam nulling is assumed as 10dB for all three BS types.  
Rx beam nulling for SI ⑨: Rx beam nulling is less critical compared to Tx beam nulling.  The Rx beam nulling primarily effects the gNB RX SB.  This works in combination with digital interference cancellation to reduce distortion in the Rx SB coming from the Tx PA adjacent channel energy.
Based on these input parameters, some observations are found from key lines in Tables 1 and 2:
SI in gNB Tx SB at LNA input: This interference in the DL SB does not directly land in the sensitive Rx UL SB, but since it is not filtered by any Rx front-end components, it can still drive the LNA into a higher NF state and drive IM3 products.  This level needs to ideally be less than -40dBm to avoid higher NF which reduces sensitivity, based on the agreed LNA NF from [4].  It is also important to keep this level low to ensure the IMD3 is sufficiently low.  In the tables this level is less than -41dBm for Self-Interference and less than -39dBm for Inter-Sector interference.
Rx IMD: For all cases, the IMD3 levels are at worst -103dBm, and typical <-105dBm.  This is based on the assumption that the LNA is operating in its high gain mode, where IIP3 is -10dBm.  So, in our view, the NF degradation from large blockers is a more significant problem than IMD3.
Other Rx: In this cell we include the increased noise figure that occurs due to large blocker signals appearing in the DL Tx SB.  In our analysis, there are cases where the gNB sensitivity is somewhat degraded beyond the 1dB goal due to the large signal leakage into the gNB front-end.

Table 1 – Residual Self-Interference Cancellation (RSIC) Analysis Table
	FR-1 
	Intel

	BS class
	Wide 
Area BS
	Medium 
Range BS
	Local 
Area BS

	BS TX Power  = ① dBm
	49 dBm
	38 dBm
	24 dBm

	Component 
capability and parameters
	Frequency isolation at TX
	Frequency isolation capability  = ② dBc
	45 dBc
	45 dBc
	45 dBc

	
	
	Frequency isolation 
techniques used
	Digital SB Filtering and DPD
	Digital SB Filtering and DPD
	Digital SB Filtering and DPD

	
	Spatial isolation
	Spatial isolation capability 
 = ③ dBc
	70 dBc
	60 dBc
	55 dBc

	
	
	Spatial isolation 
techniques used
	TX/RX panel separation and EM shielding structure
	TX/RX panel separation and EM shielding structure
	TX/RX panel separation and EM shielding structure

	
	TX Beam nulling /isolation in TX sub-band
= ④ dBc
	10 dBc
	10 dBc
	10 dBc

	
	DL EIRP impact due to beam nulling in TX sub-band
	Limited, less 0.5dB
	Limited, less 0.5dB
	Limited, less 0.5dB

	
	Self-interference leakage in gNB RX subband due to non-ideal TX, measured at RX ant.   (Note 1)
	-76dBm
=①-②-③-④

	-77dBm
=①-②-③-④

	-86dBm
=①-②-③-④


	
	RF IC and other tech. (before LNA)
	RF IC capability and other tech. in TX sub-band  = ⑤ dBc
	11 dB
	11 dB
	0 dB

	
	
	RF IC capability and other tech. in RX sub-band  = ⑧ dBc
	10 dB
	10 dB
	0 dB

	
	
	RF IC techniques and other tech.
(before LNA)
	
	
	No RF IC required

	
	
	Impacts to RX sensitivity (due to e.g., insertion losses) due to RF IC or other techniques before LNA
	0.2 dB
	0.2 dB
	0 dB

	
	Self-Interference signal in gNB TX subband, measured at the input of LNA  (Note 1)
	-42 dBm
=①-③-④-⑤
	-43 dBm
=①-③-④-⑤
	-41 dBm
=①-③-④-⑤

	
	Blocker Suppression at RX


	Frequency isolation capability
⑥ dBc
	60 dB
	60 dB
	60 dB

	
	
	Frequency isolation techniques 
	Digital filtering after 12bit ADC
	Digital filtering after 12bit ADC
	Digital filtering after 12bit ADC

	
	
	RX IMD


	Rx IIP3 capability (dBm)
	-10 dBm
	-10 dBm
	-10 dBm

	
	
	
	Rx IM3 contribution (dBm)
	-106 dBm
	-109 dBm
	-103 dBm

	
	
	Other RX 
	Any other RX impacts if significant (e.g., ADC noise, phase noise etc.)
	+0.5dB NF from SI Pin of TX SB at LNA
	0dB
	+1dB NF from SI Pin of TX SB at LNA

	
	Self-Interference signal in gNB RX subband caused by non-ideal RX selectivity, gain-normalized 
(Note 1, 2)
	=-103
	=-104.9
	=-98.9

	
	RX Beam nulling /isolation in RX sub-band
= ⑨ dBc
	5 dBc
	5 dBc
	5 dBc

	
	RX sensitivity degradation caused by RX beam nulling
	Limited, ~0dB
	Limited, ~0dB
	Limited, ~0dB

	
	Digital IC  = ⑦ dBc
	15 dBc
	15 dBc
	15 dBc

	Overall RSIC capability  (Note 1)
	151.9dB
①-total distortion in Tx and Rx SB
	142.8dB
①-total distortion in Tx and Rx SB
	122.8dB
①-total distortion in Tx and Rx SB

	Noise floor ⑩dBm
	-95.5 dBm/ 20MHz CBW
	-91 dBm/ 20MHz CBW
	-87 dBm/ 20MHz CBW

	Residual Interference budget with 1 dB desens target (⑪dBm=⑩dBm-6dB)
	-101.5 dBm
	-97 dBm
	-93 dBm

	Required RSIC budget (①-⑪dBc)
	150.5 dBc
	135 dBc
	117 dBc

	SBFD configuration
	DUD
	DUD
	DUD

	Guardband assumption (if exist)
	5 PRBs 
	5 PRBs
	5 PRBs

	bandwidth over which suppression is achieved
	100MHz
	100MHz
	100MHz

	Others
	
	
	

	Note 1: Relevant metrics are derived from other parameters for checking purpose. 
Note 2: The relevant metric is gain-normalized, with reference point assumed to be at RX antenna. 
Note 3: The notations ①②③④⑤⑥⑦⑧⑨⑩⑪ are used to indicate the decimal values of the corresponding metrics.



Considering the values for RSIC in Table 1, we see that it is feasible to meet the target RSIC for all three cases.  However, for the sensitivity degradation is slightly higher than the target [1] dB de-sense.  For the WA BS case, the de-sense is 1.2dB due to the -42dBm total SI at the gNB LNA input.  The MR-BS case is only degraded by 0.2dB, which is better than the [1] dB target. For the LA BS case, the de-sense is 1.3dB due to the -41dBm total SI at the LNA input.
Proposal 3: Add the Intel RSIC values in Table 1 to TR 38.858.
Next, we consider the gNB Co-site, Inter Sector Interference given in Table 2 for the WA BS and MR BS cases.  As mentioned above, the inter-sector isolation is assumed to be better that the self-interference isolation by ~10dB due to the significantly larger spacing that is available between sectors compared to the isolation available between Tx and Rx panels.  On the other hand, it is more difficult to locate EM absorbent materials between the sectors compared to between the Tx and Rx panels.  When combining the leakage from two sectors the 10dB increases to 7dB delta of isolation improvement compared to the self-leakage.
Table 2 – gNB Co-Site, Inter-Sector Interference Analysis Table
	FR-1
	Intel

	BS class
	Wide 
Area BS
	Medium 
Range BS

	BS TX Power  = ① dBm
	49 dBm
	38 dBm

	Component 
capability and parameters
	Frequency isolation at TX
	Frequency isolation capability  = ② dBc
	45 dBc
	45 dBc

	
	
	Frequency isolation 
techniques used
	
	

	
	Spatial isolation
	Co-channel Co-site Inter-sector 
Spatial isolation capability 
 = ③ dBc
	77 dBc
	67 dBc

	
	
	Co-channel Co-site Inter-sector 
Spatial isolation 
techniques used
	Spatial separation and EM shielding structure
	Spatial separation and EM shielding structure

	
	TX Beam nulling /isolation in TX sub-band
= ④ dBc
	
	

	
	DL EIRP impact due to beam nulling in TX sub-band
	
	

	
	Self-interference leakage in gNB RX subband due to non-ideal TX, measured at RX ant.   (Note 1)
	-73dBm
=①-②-③

	-74dBm
=①-②-③


	
	RF IC and other tech. (before LNA)
	RF IC capability and other tech. in TX sub-band  = ⑤ dBc
	11 dB
	11 dB

	
	
	RF IC capability and other tech. in RX sub-band  = ⑧ dBc
	10 dB
	10 dB

	
	
	RF IC techniques and other tech.
(before LNA)
	
	

	
	
	Impacts to RX sensitivity (due to e.g., insertion losses) due to RF IC or other techniques before LNA
	0.2 dB
	0.2 dB

	
	Self-Interference signal in gNB TX subband, measured at the input of LNA  (Note 1)
	-39 dBm
=①-③-⑤
	-40 dBm
=①-③-⑤

	
	Blocker Suppression at RX


	Frequency isolation capability
⑥ dBc
	60 dB
	60 dB

	
	
	Frequency isolation techniques 
	Digital filtering after 12bit ADC
	Digital filtering after 12bit ADC

	
	
	RX IMD


	Rx IIP3 capability (dBm)
	-10 dBm
	-10 dBm

	
	
	
	Rx IM3 contribution (dBm)
	-97 dBm
	-100 dBm

	
	
	Other RX 
	Any other RX impacts if significant (e.g., ADC noise, phase noise etc.)
	+2dB NF from SI Pin of TX SB at LNA
	+1.5dB NF from SI Pin of TX SB at LNA

	
	Self-Interference signal in gNB RX subband caused by non-ideal RX selectivity, gain-normalized 
(Note 1, 2)
	=-94.4
	=-96.4

	
	RX Beam nulling /isolation in RX sub-band
= ⑨ dBc
	
	

	
	RX sensitivity degradation caused by RX beam nulling
	
	

	
	Digital IC  = ⑦ dBc
	15 dBc
	15 dBc

	Overall RSIC capability  (Note 1)
	143.4dB
①-total distortion in Tx and Rx SB
	134.4 dB
①-total distortion in Tx and Rx SB

	Noise floor ⑩dBm
	-94 dBm/ 20MHz CBW
	-89.5 dBm/ 20MHz CBW

	Residual Interference budget with 1 dB desens target (⑪dBm=⑩dBm-6dB)
	-100 dBm
	-95.5dBm

	Required RSIC budget (①-⑪dBc)
	149 dBc
	133.5 dBc

	SBFD configuration
	DUD
	DUD

	Guardband assumption (if exist)
	5 PRBs 
	5 PRBs

	bandwidth over which suppression is achieved
	100MHz
	100MHz

	Others
	
	

	Note 1: Relevant metrics are derived from other parameters for checking purpose. 
Note 2: The relevant metric is gain-normalized, with reference point assumed to be at RX antenna. 
Note 3: The notations ①②③④⑤⑥⑦⑧⑨⑩⑪ are used to indicate the decimal values of the corresponding metrics.



In the previous RAN4 meeting, it was agreed that Tx beam nulling would not be included in the inter-sector interference analysis.  This makes for a larger total SI power measured at the input of the LNA.  The increase is +3dB which further degrades the Rx NF by ~1.5dB compared to the self-leakage case.  Other values in the table also somewhat degraded.  The IMD3 is 9dB higher, which is enough to contribute to the total distortion.
For the case of inter-sector interference for WA BS, the total de-sense is degraded compared to the [1] dB target, to a value of 4.8dB during the condition of worst case simultaneous DL and UL transmission.  For the MR-BS the total de-sense is degraded to 2.3dB during the condition of worst case simultaneous DL and UL transmission which may be a more acceptable level.
Observation 5, the inter-sector interference is worse than the self-interference due to the lack of IC from Tx beam nulling.  Methods to further improve the IC may be needed.
Proposal 4: Add the Intel inter-sector interference values in Table 2 to TR 38.858.	
Observation 6, For MR BS and LA BS, where there is a more relaxed NF, it is easier to meet the required interference cancellation even though MR BS, and LA BS have worse isolation than WA BS.
3	Conclusions
In summary, in this paper we discuss issues related to many of the parameters used in the RSIC budget and the inter-sector interference budget.
Observation 1, nearby clutter can appear similar to self-interference leakage and also be treated by the interference cancellation algorithm.
Observation 2, for interference cancellation, two effects can both degrade performance: 1) strong reflectors that require the cancellation algorithm to treat finite delays and 2) feedback delay that can occur when sectors are physically located at some distance apart.
Observation 3: If we assume that the far out noise is always less than the adjacent channel power, then having multiple Tx operating on multi-carrier will have only small impact on the total leaked signal power.
Proposal 1: In the case of multi-carrier, we should add analysis to account for the impact of far out noise.  This will limit the effectiveness of potential digital IC since far out noise won’t be cancelled.
Observation 4, since the maximum expected input from RSIC and self-interference leakage is on the order of ~-40dBm, the Rx will always be operating in a weak non-linear region where RMS power is the best way to measure signal power.
Proposal 2, We should agree to model the gNB Rx for LNA and AGC with Option 1, RMS power of the input signal.
Proposal 3: Add the Intel RSIC values in Table 1 to TR 38.858.
Observation 5, the inter-sector interference is worse than the self-interference due to the lack of IC from Tx beam nulling.  Methods to further improve the IC may be needed.
Proposal 4: Add the Intel inter-sector interference values in Table 2 to TR 38.858.
Observation 6, For MR BS and LA BS, where there is a more relaxed NF, it is easier to meet the required interference cancellation even though MR BS, and LA BS have worse isolation than WA BS.
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