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0 Introduction
RAN1 has sent an LS to RAN4 in R1-2210602 LS on interference modelling for duplex evolution. In this the request is 
RAN1 respectfully asks RAN4 to confirm RAN1’s understandings/assumptions in above agreements and provide feedback on them.
1 RAN1 Agreement-1
RAN1 Agreement-1

RAN1 assumes frequency isolation value in the overall RSI value ranges provided by RAN4 is based on the assumption of SBFD subband configuration with {DUD=40MHz:20MHz:40MHz} at least for FR1 and all the DL RBs in the DL subbands are allocated with maximum gNB DL Tx Power.

· For SLS of SBFD in RAN1, the RSI is modelled as frequency flat within the UL subband. 
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to denote the overall RSI value provided by RAN4, RAN1 makes the following assumption
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 is the residual self-interference power on the UL subband when all the DL RBs in the DL subbands are allocated with maximum gNB DL Tx Power (in linear scale).
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 is the maximum gNB DL Tx Power on the two DL subbands (in linear scale).
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 is the total number of DL RBs in the DL subbands.
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 is the total number of UL RBs in the UL subband.

· Note: [image: image14.png]


 is in linear scale

· RAN1 further makes a simple assumption that [image: image16.png]


 doesn’t change when DL RBs are not fully allocated for DL transmission, and the residual self-interference power on one UL RB when DL RBs are not fully allocated for DL transmission is computed by
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 is DL transmission power of gNB per RB, [image: image22.png]
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 is the number of DL RBs allocated for DL transmission.

· Send LS to RAN4 to confirm RAN1’s assumptions and the subband configuration assumed for FR1/FR2

· Also ask RAN4 if the above is applicable to other subband configurations

Discussion on RAN1 Agreement-1
Overall RAN1 is asking RAN4 to confirm their understanding. We discuss “simple assumption that [image: image26.png]


 doesn’t change when DL RBs are not fully allocated for DL transmission “. We can consider one case with the outer RBs allocated. This is shown in the figure below. The third order distortion is shown, and the distortion does not reach the UL sub-band. 
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Figure: Example DUD 40:20:40 with 50% DL allocation on the edges
The RAN1 model makes the simplifying assumption that the 3rd order reaches the UL sub-band. Looking at some numbers we can gauge the effect of this assumption.

The calculation below shows reasonable numbers and computes IIP3 for the receiver with DL TX IM3. The result is -13.6 dBm
	DL 3rd order
	Wide Area

	Tx power (dBm)
	-1000.0

	Antenna isolation (dB)
	80.0

	Additional isol beam nulling/forming
	10.0

	Inband ACLR assumption (dB)
	45.0

	Digital NLIC (dB)
	15.0

	Number of adjacent DLs
	1.0

	BW factor for D-U-D 40M-20M-40M
	0.5

	Interference from BS DL 3rd intermod (dBm)
	-1153.0

	
	

	IP3
	Wide Area

	In-band Blocking（dBm）
	-43

	BW (MHz)
	20

	Noise figure (dB)
	5

	Noise floor （dBm）
	-96.0

	REFSENS degradation （dB）
	1

	Desens factor w.r.t. noise floor (dB)
	-5.9

	Target interference level（dBm）
	-101.9

	DL 3rd distortion (from above)
	-1153.0

	Allocation for receiver IP3
	-101.9

	Required IIP3 （dBm）
	-13.6


IIP3 calculation without DL TX and 1 dB degradation
The following calculation uses the RAN1 simplifying assumption resulting in a -13.2 dB IP3.

	DL 3rd order
	Wide Area

	Tx power (dBm)
	43.0

	Antenna isolation (dB)
	80.0

	Additional isol beam nulling/forming
	10.0

	Inband ACLR assumption (dB)
	45.0

	Digital NLIC (dB)
	15.0

	Number of adjacent DLs
	1.0

	BW factor for D-U-D 40M-20M-40M
	0.5

	Interference from BS DL 3rd intermod (dBm)
	-110.0

	
	

	IP3
	Wide Area

	In-band Blocking（dBm）
	-43

	BW (MHz)
	20

	Noise figure (dB)
	5

	Noise floor （dBm）
	-96.0

	REFSENS degradation （dB）
	1

	Desens factor w.r.t. noise floor (dB)
	-5.9

	Target interference level（dBm）
	-101.9

	DL 3rd distortion (from above)
	-110.0

	Allocation for receiver IP3
	-102.6

	Required IIP3 （dBm）
	-13.2


IIP3 calculation with DL TX and 1 dB degadation
Here the DL TX 3rd order intermods arrives 8 dB below the target interference level, not impacting the IP3 allocation very much.
Our view is the simplifying assumption, with the values we show here, does not have a significant impact on the IP3 allocation. Significance however depends on the assumed values.
Observation Ag-1.1: Significance of the ‘simple assumption’ likely depends on the agreed model parameters.

For Agreement RAN1 Agreement-1 our comments are

Proposal Ag-1.1: The ‘simple assumption asi doesn’t change when DL RBs are not fully allocated’ is reasonable for isolation, beamforming, NLIC, ACLR values we show in the table. Values we think are reasonable and achievable.
Proposal Ag-1.2: RAN4 should decide the values for isolation, beamforming, NLIC,ACLR,  and possibly achievable IP3 before considering any impact of the ‘simple assumption’ and any reply to RAN1 on Agreement-1.
2 RAN1 Agreement-2 
RAN1 Agreement-2

For SLS in RAN1, if only large scale fading is modelled and small scale fading is not modelled for gNB-gNB co-channel channel model, the power of inter-site gNB-gNB co-channel inter-subband CLI experienced by the victim gNB on each receiver chain at one UL RB can be modelled as
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 is the power of inter-site gNB-gNB co-channel inter-subband CLI from gNB [image: image35.png]


 to gNB [image: image37.png]


 on each receiver chain at one UL RB (linear value)
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 is DL transmission power of gNB [image: image41.png]


 across all transmit chains per RB (linear value). [image: image43.png]


.
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 is the number of DL RBs allocated for DL transmission by gNB [image: image47.png]
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is the coupling loss between gNB [image: image51.png]


 and gNB [image: image53.png]


 (linear value), accounting for beamforming at the aggressor gNB and victim gNB.
· FFS: the detailed definition of the coupling loss, which can be discussed later
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 is the total number of DL RBs in the DL subbands

· Note: [image: image57.png]ACLRpc



 and [image: image59.png]ACSq<



 are in linear scale. In RAN4 reply LS, gNB ACLR (i.e., [image: image61.png]ACLRpc



) is provided as the candidate for TX leakage, and gNB ACS (i.e., [image: image63.png]ACSq<



) is provided as the candidate for Receiver impairment. 
· Note: the model is based on the assumption that the same transmission power across different DL RBs is used in SLS. This does not prevent companies to use other DL power allocation schemes in SLS.
· Note: This model is not applicable to the RBs in the guardband.
· Note: This model is not applicable for some candidate gNB-gNB CLI handling schemes (for example, spatial digital beam coordination, advanced receivers)
· Send LS to RAN4 to confirm RAN1’s understanding

Discussion on RAN1 Agreement-2

From the last meeting RAN4 agreed “RAN4 will further study the possibility of improved receiver impairment performance compared to gNB ACS.”. Note that RAN1 Agreement-2 exclude any possible improvement due to advanced receiver.
This agreement is fine with us. It is in line with what RAN4 is planning on doing and RAN4 has no reason to respond to RAN1 on this topic.

Observation: RAN1 Agreement-2 is in line with RAN4 modelling. RAN1 model does not include advanced/improved receiver. RAN4 is still discussing possible improvement using improved receiver. No response to RAN1 needed for RAN1 Agreement-2.
3 RAN1 Agreement-3 
RAN1 Agreement-3

For SLS in RAN1, if both large scale fading and small scale fading are modelled for gNB-gNB co-channel channel model, the inter-site gNB-gNB co-channel inter-subband CLI signal across all Rx chains at UL RB [image: image65.png]


 at victim gNB can be modeled as [image: image67.png]o) -1
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 where,
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 is the first part of inter-site gNB-gNB co-channel inter-subband CLI across all Rx chains at UL RB [image: image71.png]


, caused by power leakage at aggressor gNB,
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 is the [image: image75.png]Ng % Nt



 channel matrix between aggressor gNB and victim gNB at UL RB [image: image77.png]


, the beamforming of the aggressor gNB and the victim gNB can be taken into account by [image: image79.png]


,
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 is the unwanted emission across all Tx chains at UL RB [image: image83.png]


 at aggressor gNB,
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 is the number of Tx chains at aggressor gNB,
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, [image: image89.png]k=01.. Nr—1



, is modelled as white Gaussian noise,
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  is the total leakage power at UL RB [image: image95.png]


 at aggressor gNB,
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 is the DL power transmitted across all Tx chains at one DL RB at aggressor gNB, [image: image99.png]


,
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 is the number of DL RBs scheduled for DL transmission by aggressor gNB,
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 is the total number of DL RBs in the DL subbands
· [image: image105.png]


 is the [image: image107.png]Nt x N+



 normalized identity matrix with unit norm, [image: image109.png]Iwllz



,

· FFS whether [image: image111.png]


 can be other values and corresponding conditions
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· Note: [image: image115.png]ACLRpc



 and [image: image117.png]ACSq<



 are in linear scale. In RAN4 reply LS, gNB ACLR (i.e., [image: image119.png]ACLRpc



) is provided as the candidate for TX leakage, and gNB ACS (i.e., [image: image121.png]ACSq<



) is provided as the candidate for Receiver impairment. 

· Note: the model is based on the assumption that the same transmission power across different DL RBs are used in SLS. This does not prevent companies to use other DL power allocation schemes in SLS.

· Note: This model is not applicable to the RBs in the guardband.

· Send LS to RAN4 to confirm RAN1’s understanding.

Discussion on RAN1 Agreement-3
We have no comment or issue with RAN1 Agreement-3.
4 RAN1 Agreement-4
RAN1 Agreement-4

For SLS of SBFD in RAN1, candidate values for [image: image123.png]


 at least can be determined based on the assumption that UL receiver sensitivity degradation due to self-interference is 1dB.

· FFS: UL receiver sensitivity degradation due to self-interference is 0.8dB and 0.1dB

· The value of [image: image125.png]


 can be calculated based on the UL receiver sensitivity degradation, noise floor of UL subband and maximum gNB DL Tx Power as below

· [image: image127.png]



· For example, for sensitivity degradation of 1dB, [image: image129.png]


 can be computed based on [image: image131.png]


, where N is the noise floor over the UL subband given by [image: image133.png]N(dB)
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, assuming 20MHz UL subband and 5dB noise figure.

· Note: the feasibility of the determined [image: image135.png]


 values can be discussed separately

· Companies shall report what values of the individual components are assumed in order to achieve the alpha_SI value corresponding to 1 dB desense

· Other approaches of determining values for [image: image137.png]


 are not precluded and can be used and reported by companies.

Send LS to RAN4 to confirm RAN1’s understanding.
Discussion on RAN1 Agreement-4
We have one item to discuss on RAN1 Agreement-4. The agreement uses a 5 dB UL receiver noise figure so we surmise this is for FR1.
Proposal Ag-4.1 : Discuss in RAN4 if common understanding Agreement-4 pertains to FR1.
5 Reply LS
“RAN1 respectfully asks RAN4 to confirm RAN1’s understandings/assumptions in above agreements and provide feedback on them.”
Our view we have no significant issue with the RAN1 approach, or any request that they consider changing their approach. Further RAN1 will continue with their method if no RAN4 reply LS is received. So the question is whether to send LS:

Proposal Reply LS: No reply LS at this time.
6 Conclusions
Observation Ag-1.1: Significance of the ‘simple assumption’ likely depends on the agreed model parameters.

Proposal Ag-1.1: The ‘simple assumption asi doesn’t change when DL RBs are not fully allocated’ is reasonable for isolation, beamforming, NLIC, ACLR values we show in the table. Values we think are reasonable and achievable.

Proposal Ag-1.2: RAN4 should decide the values for isolation, beamforming, NLIC,ACLR,  and possibly achievable IP3 before considering any impact of the ‘simple assumption’ and any reply to RAN1 on Agreement-1.

Observation: RAN1 Agreement-2 is in line with RAN4 modelling. RAN1 model does not include advanced/improved receiver. RAN4 is still discussing possible improvement using improved receiver. No response to RAN1 needed for RAN1 Agreement-2.
Proposal Ag-4.1 : Discuss in RAN4 if common understanding Agreement-4 pertains to FR1.

Proposal Reply LS: No reply LS at this time.
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