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1	Introduction
An LS has been received from RAN1 containing a request for some clarifications on modelling of interference between gNBs and between UEs. This document presents our views on the reply.
[bookmark: _Ref178064866]2	Discussion
2.1	Inter-site interference
Agreement-1
Regarding the modelling of inter-site gNB-gNB co-channel inter-subband CLI agreed in RAN1#110bis for the case that both large scale fading and small scale fading are modelled for gNB-gNB co-channel channel model, the second part of inter-site gNB-gNB co-channel inter-subband CLI across all Rx chains at one UL RB, caused by receiver selectivity at victim gNB, can be modelled as
 
· , , is modelled as white Gaussian noise
· 
·  
·  is the  channel matrix between aggressor gNB and victim gNB at DL RB , the analog beams of the aggressor gNB and the victim gNB can be taken into account by ,
·  is the digital precoder at DL RB  at aggressor gNB, ,
·  is the symbol transmitted at DL RB  at aggressor gNB with transmission power for each layer as .
·  is the total number of DL RBs in the DL subbands,
· RAN1 can assume  (in channel selectivity) is given by gNB ACS unless further RAN4 guidance is received.
· Send LS to RAN4 to confirm RAN1 understanding and check whether  can be modelled depending on the value of the blocker interference, e.g.,

· Note:  can be reported by companies


The question relates to inter gNB interference. However, all kinds of interference (inter-site, inter-sector, self-interference) pass through the same radio receiver. Therefore, any non-linearity effects or blocking effects in the receiver front end will depend on the total input power.
The impact of the interfering signals on the receiver noise floor depends on the power level of the total signal. If the power level is low, then the inter-site and inter-sector interference will be supressed according to the ACS. The self-interference may be supressed by more than the ACS if the DL and UL are time aligned.
If the power level of the combined interference power approaches the blocking level then receiver IM3 distortions will become increasingly significant. When the power is high enough, the interference will rise very rapidly (3dB for every 1dB increase interference power). Also, the noise floor will rise due to AGC reducing the input gain.
If the interference power is above a maximum, then the ADC will become saturated.
In [2], a piecewise linear model for the receiver behaviour is proposed to capture the impact to the receiver noise figure due to high power:

[image: ]
Figure 1: Noise figure blocking profile model
In Table 1, model parameter values relevant for a SBFD implementation operating within FR1 is listed. 
Table 1: Model parameter values 
	Parameter
	Value

	Noise figure (F)
	5 dB

	Total input average power threshold 1 (P1) 
	-57.9 dBm

	Total input average power threshold 2 (P2) 
	-41.7 dBm

	Sensitivity degradation slope 1 (k1)
	0.4 dB/dBm

	Sensitivity degradation slope 2 (k2)
	3.0 dB/dBm

	Total input average power blocking limit (P3)
	-32.5 dBm



[bookmark: _Toc127448536]Calculate receiver power based on the total power due to self-interference, inter-site and inter-cell interference
[bookmark: _Toc127448537]Adopt the piecewise linear model of figure/table 1 for FR1.
[bookmark: _Toc127448542]If 1dB desense is assumed to model self-interference, then the self-interference power input to the model should be the value assumed to get 1dB desense.

In addition to the adaptation of the noise floor according to the receiver blocking model above, interference due to ACLR and ACS should be added for the inter-sector and inter-site interference (together with 1dB of desensitization for the self-interference).
[bookmark: _Toc127448538]In addition to the receiver blocking model,  and   should be added for the inter-site and inter-sector interference (together with assumed desense due to the self-interference)
2.2	Inter-sector interference
Agreement-2
For SLS in RAN1, for co-site inter-sector co-channel inter-subband CLI modelling, reuse similar method as gNB self-interference modelling as follows. 


·  is DL Tx power of sector x per RB (in linear scale),  
·  is the maximum DL Tx Power of sector x on the two DL subbands (in linear scale).
·  is the total number of DL RBs in the DL subbands.
·  is the number of DL RBs allocated for DL transmission of sector x.
·  is the interference suppression capability of co-site inter-sector co-channel inter-subband CLI. 
· 
· Note:  and  are in linear scale. gNB ACLR (i.e.,) is provided as the candidate for TX leakage, and gNB ACS (i.e.,) is provided as the candidate for Receiver impairment. 
· Companies shall report the value of  assumed in the simulations with feasibility of how these values were derived. 
· [bookmark: _Hlk126073585]Send LS to RAN4 confirming the model and asking the value ranges for spatial isolation, and values of   and  .


The assumption of adding ACLR and ACS interference for inter-sector interference is partially correct. However, in addition, inter-sector interference should be considered in the receiver blocking model (together with inter-site and self-interference) above. The three proposals in section 2.1 should also be considered for inter-sector interference.
In regard to spatial isolation, in [1] we identify spatial isolation considering TX panel – RX sub-array of 75-90dB for FR1, with 75dB being typical, based on an edge to edge distance of 400mm horizontal and 300mm vertical. For FR2 we identify a TX panel – RX sub-array isolation of 75 - 98dB, with 88dB being typical based on an inter-sector distance of 40cm between sectors. In order to reply to the LS, a range of isolation values can be captured. In order to better understand the range, we propose that the assumptions for sector structure and inter-sector antenna distance are captured together with the isolation.
[bookmark: _Toc127448539]When replying on the value range for spatial isolation, capture also the assumptions on inter-sector distance and antenna structure for each art of the range.
[bookmark: _Toc127448540]FR1 range of inter-sector TX panel – RX sub-array isolation is 75-90dB, with 75dB being typical, based on a separation of sectors of 400mm horizontal and 300mm vertical.
[bookmark: _Toc127448541]FR2 range of inter-sector TX panel – RX sub-array isolation is 75-98dB, with 88dB being typical based on an edge to edge separation of 400mm (horizontal and vertical). 
2.3	UE IBE modelling
Agreement-3
For SLS in RAN1, regarding Tx leakage model of UE-UE co-channel inter-subband CLI modelling, Option 1 is used as starting point.
· Option 1: RAN1 to take in-band emission (IBE) defined in TS38.101-1 and TS38.101-2 as starting point.
· Send LS to RAN4 to ask them whether it can be modelled as an equivalent frequency flat model (e.g., ) based on RAN4 IBE requirement, and if possible, what is the value of 

The UE IBE requirement varies depending on the number of RB away from the transmitted signal. However, for system simulation evaluation, it is reasonable to consider an average IBE. Considering the worst case of a UE transmitting QPSK, the average IBE is 22dB for both FR1 and 18dB for FR2.


Conclusion
Based on the discussion in the previous sections we propose the following:
Proposal 1	Calculate receiver power based on the total power due to self-interference, inter-site and inter-cell interference
Proposal 2	Adopt the piecewise linear model of figure/table 1 for FR1 and table 2 for FR2.
Proposal 3	In addition to the receiver blocking model,  and   should be added for the inter-site and inter-sector interference (together with assumed desense due to the self-interference)
Proposal 4	When replying on the value range for spatial isolation, capture also the assumptions on inter-sector distance and antenna structure for each art of the range.
Proposal 5	FR1 range of inter-sector TX panel – RX sub-array isolation is 75-90dB, with 75dB being typical.
Proposal 6	FR2 range of inter-sector TX panel – RX sub-array isolation is 75-98dB, with 88dB being typical.
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