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[bookmark: _Toc120549591]Introduction
Up to RAN1#112bis-e meeting [1]-[8], progress has been made to establish a comprehensive SLS and LLS evaluation methodology. In this contribution, we discuss the remaining issues on SLS and LLS evaluation methodology. Some initial evaluation results are also provided.
Remaining issues on SLS Evaluation Methodology
Interference modelling for SBFD
As shown in Table 1, a latest RAN4’s LS R1-2304310 as a response to RAN1’s LS R1-2302087 was received in this meeting, which is related to BS ACS, BS ICS, UE ACLR, BS noise figure model, UE-UE co-channel inter-subband CLI modeling, co-site inter-sector adjacent-channel CLI modeling, and etc. [9].
In RAN1#112bis-e, a latest LS R1-2304183 was sent from RAN1 to RAN4 to ask for more questions on BS noise figure model. It can be observed that all the questions in R1-2304183 has been elaborately answered in RAN4’s latest LS R1-2304310. Thus, all the LS from RAN1 to RAN4 has been actually replied by RAN4.
[bookmark: _Ref134793543]Table 1  LS interaction between RAN1 and RAN4.
	RAN1 meeting
	LS from RAN1 to RAN4
	Reply LS from RAN4 to RAN1

	RAN1#109-e
	R1-2205543	LS on interference modelling for duplex evolution	RAN1, CMCC
	

	RAN1#110bis-e
	R1-2210602	LS on interference modelling for duplex evolution	RAN1, CMCC
	R1-2208347	Reply LS on interference modelling for duplex evolution (Reply to R1-2205543)	RAN4, Samsung, CMCC, Qualcomm

	
	R1-2210671	LS on maximum number of UL subbands for duplex evolution	RAN1, CATT
	

	RAN1#111
	R1-2212963	LS on interference modelling for duplex evolution	RAN1, CMCC
	

	RAN1#112
	R1-2302087	LS on interference modelling for duplex evolution	RAN1, CMCC
	R1-2300025	LS response to RAN1 for interference modelling and Sub-band configuration (Reply to R1-2205543, R1-2210602, R1-2210671)	RAN4, Samsung

	RAN1#112bis-e
	R1-2304183	LS on BS noise figure model for duplex evolution	RAN1, CMCC
	R1-2302262	Reply LS on interference modelling (Reply to R1-2212963)	RAN4, CATT

	RAN1#113
	
	R1-2304310	Reply LS on interference modelling for duplex evolution (Reply to R1-2302087)	RAN4, Samsung


Based on RAN4’s latest LS R1-2304310, agreements on interference modelling and parameters for SBFD can be confirmed or updated.
BS noise figure model
In RAN1#112bis-e meeting, working assumption was made related to the piece wise BS noise figure model as below.
	Working Assumption:
For SLS of duplex evaluation in RAN1, the BS noise figure is modelled as piece wise linear based on the total received power (P) as

· For FR1, A = -43dBm, B = -25dBm, C = 5dB, D = 14dB
· P is in dB scale. The linear value of total received power is the linear sum of all received power, including wanted signal, co-channel and adjacent-channel UE-gNB interference, self-interference, co-channel and adjacent-channel co-site inter-sector interference and co-channel and adjacent-channel inter-site gNB-gNB interference.
· adjacent-channel interference is only used for SBFD deployment case 4
· If P is larger than B, the receiver will be blocked.
· Send LS to RAN4 to ask the following questions:
· Whether the above values of A, B, C and D can be used for all the BS classes in FR1? If not, what are the values of A, B, C and D for each of BS classes in FR1?
· Whether fixed noise figure can be used for FR2-1 in RAN1 evaluation? If not, what are the values of A, B, C and D for BS classes in FR2-1?
· The feasibility and applicable scenarios of improved noise figure, e.g., by introducing additional interference reduction techniques like subband filtering.
· Before receiving further RAN4 inputs, the fixed noise figure is used in RAN1 evaluation as below.
· Dense Urban Macro layer: 10dB for FR2-1
· Dense Urban Micro layer: 10dB for FR2-1
· Indoor: 10dB for FR2-1
· Before receiving further RAN4 inputs, the piece-wise noise figure can be used for all scenarios in FR1 in RAN1 evaluation


In RAN4’s latest LS R1-2304310, the related agreements are as below.
	Furthermore, RAN4 made the following agreement on noise figure model (i.e., noise figure over average total input power, captured in RAN4 LS R4-2302885):
· For typical FR1 WA BS implementation, companies have different views on sub-band filter, and based on companies’ proposal on the implementation with sub-band filter, the blocking performance can be improved around 10 dB. The following values of A and B can apply to the noise figure model if sub-band filter adopted.
· The values of A, B, C and D:
· A = -35dBm
· B = -17dBm
· C = 5dB
· D = 14dB
· Note: RAN4 has not reach consensus on the implementation feasibility of sub-band filter. RAN4 will further evaluate and update to RAN1 if needed.  
· For FR1 MR BS class, the following noise figure model can be used as starting point: 
· (A, B, C, D) = (-38, -20, 10, 19)
· Point A is suggested to follow the in-band blocking requirement as specified in TS 38.104, i.e. -38dBm. 
· Point C is suggested to follow the assumed noise figure, i.e. 10dB. 
· For FR1 LA BS class, the following noise figure model can be used as starting point: 
· (A, B, C, D) = (-35, -17, 13, 22)
· Point A is suggested to follow the in-band blocking requirement as specified in TS 38.104, i.e. -35dBm. 
· Point C is suggested to follow the assumed noise figure, i.e. 13dB. 
· For FR2-1 BS, the following noise figure model can be used as starting point: 
· The values of A, B, C and D:
· A = [-58] dBm
· B = [-40] dBm
· C = 10dB
· D = [19] dB


The values of A, B, C and D for the piece wise BS noise figure model as recommended by RAN4 is summarized as below.
	
	<A (dBm), B (dBm), C (dB), D (dB)>

	FR1 WA BS
	w/o sub-band filter, <-43, -25, 5, 14>
w/ sub-band filter, <-35, -17, 5, 14>

	FR1 MR BS
	<-38, -20, 10, 19>

	FR1 LA BS
	<-35, -17, 13, 22>

	FR2-1 BS
	<[-58], [-40], 10, [19]>


To take into account the RAN4’s LS, the previous working assumption in RAN1#112bis-e meeting related to the piece wise BS noise figure model can be updated and confirmed as below.
Proposal 1: Confirm the updated working assumption in RAN1#112bis-e meeting as below.
Updated Working Assumption:
For SLS of duplex evaluation in RAN1, the BS noise figure is modelled as piece wise linear based on the total received power (P) as

· For FR1, A = -43dBm, B = -25dBm, C = 5dB, D = 14dB
· P is in dB scale. The linear value of total received power is the linear sum of all received power, including wanted signal, co-channel and adjacent-channel UE-gNB interference, self-interference, co-channel and adjacent-channel co-site inter-sector interference and co-channel and adjacent-channel inter-site gNB-gNB interference.
· adjacent-channel interference is only used for SBFD deployment case 4
· If P is larger than B, the receiver will be blocked.
· For FR1 WA BS without sub-band filter, A = -43dBm, B = -25dBm, C = 5dB, D = 14dB
· For FR1 WA BS with sub-band filter, A = -35dBm, B = -17dBm, C = 5dB, D = 14dB
· For FR1 MR BS, A = -38dBm, B = -20dBm, C = 10dB, D = 19dB
· For FR1 LA BS, A = -35dBm, B = -17dBm, C = 13dB, D = 22dB
· For FR2-1 BS, A = -58dBm, B = -40dBm, C = 10dB, D = 19dB
· Send LS to RAN4 to ask the following questions:
· Whether the above values of A, B, C and D can be used for all the BS classes in FR1? If not, what are the values of A, B, C and D for each of BS classes in FR1?
· Whether fixed noise figure can be used for FR2-1 in RAN1 evaluation? If not, what are the values of A, B, C and D for BS classes in FR2-1?
· The feasibility and applicable scenarios of improved noise figure, e.g., by introducing additional interference reduction techniques like subband filtering.
· Before receiving further RAN4 inputs, the fixed noise figure is used in RAN1 evaluation as below.
· Dense Urban Macro layer: 10dB for FR2-1
· Dense Urban Micro layer: 10dB for FR2-1
· Indoor: 10dB for FR2-1
Before receiving further RAN4 inputs, the piece-wise noise figure can be used for all scenarios in FR1 in RAN1 evaluation
Co-site gNB-gNB adjacent-channel CLI modelling
In RAN1#112 meeting, agreement was achieved related to co-site gNB-gNB adjacent-channel CLI model as below.
	Agreement
For SLS in RAN1, for co-site gNB-gNB adjacent-channel inter-sector co-channel inter-subband CLI modelling, reuse similar method as co-site inter-sector co-channel inter-subband CLI modeling as follows. 


·  is DL Tx power of sector x per RB (in linear scale),  
·  is the maximum DL Tx Power of sector x in adjacent channel (in linear scale).
·  is the total number of DL RBs in adjacent channel.
·  is the number of DL RBs allocated for DL transmission of sector x in adjacent channel.
·  is the interference suppression capability of co-site inter-sector co-channel inter-subband CLI between the aggressor sector x and the victim sector. 
· 
· FFS the concrete value of 
·  and  are in linear scale. 
Send an LS to RAN4 to inquire on the value of . 


In RAN4’s latest LS R1-2304310, the related agreements related to the value of  are as below
	· Regarding RAN1 Agreement-3 in R1-2302087, 
· Based on RAN1’s understanding on the co-site gNB-gNB adjacent-channel CLI modelling (i.e., reusing similar method as co-site inter-sector co-channel inter-subband CLI modeling), RAN4 would like to provide the understanding on  (i.e., the interference suppression capability of co-site inter-sector adjacent-channel CLI between the aggressor sector x and the victim sector) as

in which 
· The interference suppression capability of co-site inter-sector CLI from three different adjacent-channel sectors could be assumed as the same. i.e.  =  = 
· For the spatial isolation of adjacent-channel inter-sector CLI, the following values have been proposed for macro BS in RAN4:
· FR1: from (62+X)dB to (93+X)dB with (75+X)dB being typical value.
· FR2-1: from (75+X)dB to (98+X)dB with (88+X)dB being typical value.
· For both FR1 and FR2-1: X which can be in the range of [0~25] is added to the inter-sector isolation agreed for co-channel inter-sector interference, because of additional spacing between adjacent-channel antennas.
· Note: The additional spatial isolation X can be different between FR1 and FR2-1. 
· Note: Companies has proposed that isolating materials between adjacent channel antennas and RF interference cancellation and/or beam nulling can provide additional spatial isolation.
· Note: There is no consensus on the achievable performance on the value of X, and the feasibility of isolating materials. RAN4 will further evaluate and update to RAN1 if needed. 


The value ranges for spatial isolation of adjacent-channel inter-sector CLI proposed by RAN4 can be used in RAN1.
Proposal 2: For co-site gNB-gNB adjacent-channel CLI modelling, RAN1 assume the following for evaluation:
· For spatial isolation for FR1,
· Option 1: 93dB + X, X = 25 dB 
· Option 2: 93dB + X, X = 0 dB
· Option 3: 75dB + X, X = 25 dB 
· Option 4: 75dB + X, X = 0 dB 
· For spatial isolation for FR2-1,
· Option 1: 98dB + X, X = 25 dB
· Option 2: 98dB + X, X = 0 dB
· Option 3: 88dB + X, X = 25 dB 
· Option 4: 88dB + X, X = 0 dB 
· Other values are not precluded and can be reported by companies.
Inter-site gNB-gNB co-channel inter-subband CLI
In RAN1#112bis-e meeting, agreement was achieved related to inter-site gNB-gNB co-channel inter-subband CLI model as below.
	Agreement
Update the previous agreement in RAN1#111 meeting as below:
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.
· For FR1, the value range of  (in channel selectivity) recommended from RAN4 is {46dB, [62]dB}. The following two options are recommended to be used in RAN1 simulation. Companies to report the value of  used in their simulations.
· Option-1: 
· Option-2: 
· For FR2-1, RAN1 can assume  (in channel selectivity) is given by gNB ACS until further input is received from RAN4.
· Note:  is in linear scale.
Note: The piece wise BS noise figure model at least for FR1 should be used. FFS for FR2-1.


In RAN4’s latest LS R1-2304310, the related agreements are as below.
	· The value of ICSBS by typical FR1 gNB implementation:
· Based on the similar baseband suppression, the same range of ACS values can be achievable for ICS. 
· Lower bound is 46dB.
· Upper bound is [62]dB. 
· How to interpret the noise figure model (i.e., noise figure over average total input power, captured in RAN4 LS R4-2302885) and its relationship with : 
· ACS should be applied, and the noise figure model should also be applied to the total of all RX power. 


It can be observed that RAN1 and RAN4 has the same understanding on the value range of ICSBS for FR1.
Regarding the “FFS for FR2-1”, it can be observed that from RAN4’s understanding, the piece wise BS noise figure model and the receiver selectivity model at victim gNB should be simultaneously applied for both FR1 and FR2-1.
Observation 1: From RAN4’s understanding, the piece wise BS noise figure model and the receiver selectivity model at victim gNB should be simultaneously applied for both FR1 and FR2-1.
Proposal 3: The piece wise BS noise figure model should be used for both FR1 and FR2-1.
Candidate values for interference suppression capability for SLS
UE ICS
In RAN1#112bis-e meeting, agreements were achieved related to UE-UE co-channel channel model with the value of ICSUE left to RAN4.
	Agreement
Update the previous agreement in RAN1#112 meeting as below.
For SLS in RAN1, if only large scale fading is modelled and small scale fading is not modelled for UE-UE co-channel channel model, the power of UE-UE co-channel inter-subband CLI experienced by the victim UE on each receiver chain at DL RB n can be modelled as

where
·  is the power of UE-UE co-channel inter-subband CLI from aggressor UE  to victim UE  on each receiver chain at one DL RB n (linear value).
·  is UL transmission power of UE  across all transmit chains over the allocated UL RBs (linear value)
·  is the coupling loss between UE  and UE  (linear value), accounting for analog beamforming at the aggressor UE and victim UE
·  is the total number of UL RBs in the UL subband
·  is in linear scale. For the value of , it is up to RAN4. Companies can report the value used in their simulation before receiving RAN4’s further input.
· , wherein,
· For SBFD Subband configuration with {DUD} pattern,  can be ignored
· [image: 文本

描述已自动生成] 
·  is UL transmission power of UE  across all transmit chains per RB (linear value). , and  is the number of UL RBs allocated for UL transmission of UE .
·  is the Transmission Bandwidth Configuration, referring to Table 5.3.2-1 in TS 38.101-1 for FR1 and in TS 38.101-2 for FR2-1.
·  for FR1 with 100MHz transmission bandwidth and 30kHz SCS
·  for FR2-1 with 200MHz transmission bandwidth and 120kHz SCS
·  is the starting frequency offset between the allocated UL RBs and the measured non-allocated RB (e.g. ∆RB = 1 or ∆RB = -1 for the first adjacent RB outside of the allocated UL RBs)
· EVM is the limit specified in Table 6.4.2.1-1 in TS 38.101-1 for FR1 and in TS 38.101-2 for FR2-1 for the modulation format used in the allocated RBs.
Include the above in the LS to RAN4 to inform them of the agreement and to check if the RAN1 agreement is in line with RAN4’s understanding.

Agreement
Confirm the following working assumption made in RAN1#112 meeting with modifications.
Working assumption:
For SLS in RAN1, if both large-scale and small-scale fading are modelled for UE-UE co-channel channel model, the UE-UE co-channel inter-subband CLI signal across all Rx chains at DL RB  at victim UE can be modeled as:
 where,
·  is the first part of UE-UE co-channel inter-subband CLI across all Rx chains at DL RB , caused by power leakage at aggressor UE,
·  is the  channel matrix between aggressor UE and victim UE at DL RB , the beamforming of the aggressor UE and the victim UE can be taken into account by 
·  is the number of Rx chains and  is the number of Tx chains
·  is the  normalized wideband UL digital precoder of the aggressor UE, .
· ,
·  , , is modelled as white Gaussian noise
·  has the same meaning as in the agreement for the case only large-scale fading is modelled
·  is modelled as frequency flat


· , , is modelled as white Gaussian noise
· 
·  is the  channel matrix between aggressor UE and victim UE at UL RB , the analog beams of the aggressor UE and the victim gNB can be taken into account by ,
·  is the  normalized wideband UL digital precoder of the aggressor UE, 
·  is the symbol transmitted at UL RB  at aggressor UE with transmission power for each layer as .
·  has the same meaning as in the agreement for the case only large-scale fading is modelled
·  is the total number of UL RBs in the UL subbands,
·  is in linear scale. For the value of , it is up to RAN4. Companies can report the value used in their simulation before receiving RAN4’s further input.


In RAN4’s latest LS R1-2304310, the related agreements are as below.
	· Regarding RAN1 Agreement-4 in R1-2302087, 
· RAN4 confirm RAN1’s understanding on this model;
· For the in-channel selectivity (or subband selectivity) :
·  = 33dB for FR1 and  = 23dB for FR2
· Above values are for simulation usage purpose and only based on the assumption of same bandwidth between interference and wanted signals 
· Above values derived based on single company’s measurement data. 
· This agreement has no impact on RAN4 specified minimum RF requirements


Regarding the value of , RAN4 informs that  = 33dB for FR1 and  = 23dB for FR2-1.
Proposal 4: For SLS of SBFD, use the following values for UE ICS () for UE-UE co-channel channel model.
·  = 33dB for FR1 and  = 23dB for FR2-1
BS ACS
In RAN1#112 meeting, agreement was achieved related to the value of BS ACS as below.
	Agreement
For SLS of SBFD, use the following values for BS ACLR/ACS ( and ).
	
	FR1
	FR2-1

	BS ACLR
	45 dB
	28 dB

	BS ACS
	46 dB
	23.5 dB





In RAN4’s latest LS R1-2304310, the related agreements are as below.
	· ACSBS value range achievable by typical FR1 gNB implementation:
· The range from [46 or 50]dB as lower bound to [62]dB as upper bound is proposed in RAN4. 
· The above range is proposed by considering both noise figure model and ACSBS in the simulation, in which the noise figure model has captured the non-linearity of RF components and ACSBS refer to baseband suppression. 


It is preferred to update RAN1’s assumption on the value of BS ACS for FR1 to align with RAN4’s understanding.
Proposal 5: For SLS of SBFD, update the previous agreement in RAN1#112 meeting as below.
For SLS of SBFD, use the following values for BS ACLR/ACS ( and ).
	
	FR1
	FR2-1

	BS ACLR
	45 dB
	28 dB

	BS ACS
	Option-1: 62dB
Option-2: 50dB
Option-3: 46 dB
	23.5 dB


UE ACLR
In RAN1#112 meeting, agreement was achieved related to the value of UE ACLR as below.
	Agreement
For SLS of SBFD, use the following values for UE ACLR/ACS ( and ) for UE-UE adjacent-channel CLI modeling.
	
	FR1
	FR2-1

	UE ACLR
	30 dB
	23 dB

	UE ACS
	33 dB
	23 dB





In RAN4’s latest LS R1-2304310, the related agreements are as below.
	Additionally, RAN4 made the following agreement on UE ACLR performance
· Improved TX modelling for adjacent-channel interference simulation:
· FR1: UE ACLR is modelled as 30 dB at UE maximum TX power, and improves 1dB per 1dB backoff TX power up to a maximum 10 dB improvement. i.e., at 10 dB power backoff the ACLR is 40 dB.
· FR2-1: UE ACLR is modelled as 24 dB at UE maximum TX power, and improves 1dB per 1dB backoff TX power up to a maximum 10 dB improvement. i.e., at 10 dB power backoff the ACLR is 34 dB.


It is preferred to update RAN1’s assumption on the value of UE ACLR to align with RAN4’s understanding.
Proposal 6: For SLS of SBFD, update the previous agreement in RAN1#112 meeting as below.
For SLS of SBFD, use the following values for UE ACLR/ACS ( and ) for UE-UE adjacent-channel CLI modeling.
	
	FR1
	FR2-1

	UE ACLR
	Option-1 (baseline): 
min{ 30dB + (23dBm - P), 40dB}

Option-2 (optional): 30 dB
	Option-1 (baseline): 
min{ 24dB + (23dBm - P), 34dB}

Option-2 (optional): 24 23 dB

	UE ACS
	33 dB
	23 dB


Note: P is the UE Tx power across all transmit chains over the allocated UL RBs in dBm.
SLS evaluation results collection
Before RAN1#113 meeting, an email discussion was kicked off to collect the duplex evaluation results. Companies are encouraged to upload evaluation results to the FTP draft folder with the link
ftp://ftp.3gpp.org/tsg_ran/WG1_RL1/TSGR1_112/Inbox/drafts/9.3(FS_NR_duplex_evo)/9.3.1/Evaluation%20Results/ 
Note that the excel files used to collect evaluation results were updated by Moderator to take into account the agreements in RAN1#112bis-e and the latest RAN4’s LS R1-2304310.
Furthermore, to capture enough inputs for meaningful conclusion, regarding the parameters with different options, some options are recommended with higher priority, e.g.,
· For co-site inter-sector co-channel inter-subband CLI modelling, 
· For FR1, 100dB (spatial isolation) + 10dB digital isolation with higher priority
· For FR2-1, 105dB (spatial isolation) + 10dB digital isolation with higher priority
· For co-site gNB-gNB adjacent-channel CLI modelling, 
· For FR1, 93dB + X, X = 25 dB spatial isolation with higher priority
· For FR2-1, 98dB + X, X = 25 dB spatial isolation with higher priority
· For BS ICS () and BS ACS () for FR1,
· 62dB with higher priority
Proposal 7: To capture enough inputs for meaningful conclusion for SLS of SBFD, regarding the parameters with different options, some options are recommended with higher priority, e.g.,
· For co-site inter-sector co-channel inter-subband CLI modelling, 
· For FR1, 100dB (spatial isolation) + 10dB digital isolation with higher priority
· For FR2-1, 105dB (spatial isolation) + 10dB digital isolation with higher priority
· For co-site gNB-gNB adjacent-channel CLI modelling, 
· For FR1, 93dB + X, X = 25 dB spatial isolation with higher priority
· For FR2-1, 98dB + X, X = 25 dB spatial isolation with higher priority
· For BS ICS () and BS ACS () for FR1,
· 62dB with higher priority

Remaining issues on LLS coverage evaluation methodology
Misalignment regarding legacy TDD UL/DL configuration 
In RAN1#112 meeting, it was agreed that legacy TDD with {DDDSU}, where S=[12D:2G:0U]
	Agreement
For link level evaluation of coverage performance, use Alt 2 defined in SLS.
· Alt 2 (No SBFD DL subband in the slots/symbols that correspond to UL slots/symbols in legacy TDD): 
· Legacy TDD: Static TDD UL/DL configuration with {DDDSU}, where S=[12D:2G:0U]
· SBFD: Frame structure#2 (XXXXU), where X denotes a SBFD slot. In time domain, SBFD UL subband spans all the symbols in a SBFD slot. In frequency domain, SBFD UL subband is about 20% of the channel bandwidth.


However, in RAN1#112bis-e meeting, legacy TDD with {DDDSU}, where S=[10D:2G:2U] is assumed.
	Agreement
Adopt the following evaluation assumptions for LLS for coverage performance evaluation.
Table X-1: General parameters for FR1
	Parameter
	Value

	Scenario and frequency
	Urban Macro: 4GHz

	Frame structure for TDD
	TDD: DDDSU (S: 10D:2G:2U)
SBFD: XXXXU, where X denotes SBFD slot.
· For SBFD slot, {DUD} pattern is assumed.
· 100MHz channel bandwidth and 30kHz SCS (273 PRB): < ND, NU, NG > = <104, 55, 5>



Table X-3: General parameters for FR2
	Parameter
	Value

	Scenario and frequency
	Dense Urban Macro: 30GHz

	Frame structure for TDD
	TDD: DDDSU (S: 10D:2G:2U)
SBFD: XXXXU where X denotes SBFD slot.
· For SBFD slot, {DUD} pattern is assumed,
· 200MHz channel bandwidth and 120kHz SCS (132 PRB): < ND, NU, NG > = <52, 26, 1>





It can be observed that there is a misalignment regarding the slot configuration of the special slot (S) for legacy TDD. It is preferred to update the previous agreement in RAN1#112bis-e meeting to align with SLS assumptions.
Proposal 8: Update the previous agreement in RAN1#112bis-e meeting as below.
Adopt the following evaluation assumptions for LLS for coverage performance evaluation.
Table X-1: General parameters for FR1
	Parameter
	Value

	Scenario and frequency
	Urban Macro: 4GHz

	Frame structure for TDD
	TDD: DDDSU (S: 10D:2G:2U 12D:2G:0U)
SBFD: XXXXU, where X denotes SBFD slot.
· For SBFD slot, {DUD} pattern is assumed.
· 100MHz channel bandwidth and 30kHz SCS (273 PRB): < ND, NU, NG > = <104, 55, 5>



Table X-3: General parameters for FR2
	Parameter
	Value

	Scenario and frequency
	Dense Urban Macro: 30GHz

	Frame structure for TDD
	TDD: DDDSU (S: 10D:2G:2U 12D:2G:0U)
SBFD: XXXXU where X denotes SBFD slot.
· For SBFD slot, {DUD} pattern is assumed,
· 200MHz channel bandwidth and 120kHz SCS (132 PRB): < ND, NU, NG > = <52, 26, 1>



Coverage performance evaluation methodology
In RAN1#112bis-e, agreement was achieved related to how to consider the interference components for LLS coverage evaluation, with two options listed as below.
	Agreement
For LLS coverage evaluation, RAN1 should consider self-interference, co-site inter-sector interference, inter-site gNB-gNB co-channel inter-subband CLI and UE-gNB interference in TDD system and SBFD system. 
Option-1
· The modelling method is as below:
· For TDD UL slot, additive white Gaussian noise with variance of  is generated, where 
·  is UE-gNB interference and  is noise (in linear scale).
· For SBFD slot, additive white Gaussian noise with variance of  is generated, where 
· , , ,  are self-interference, co-site inter-sector interference, inter-site gNB-gNB co-channel inter-subband CLI and UE-gNB interference (in linear scale), respectively
· Companies to report the details of deriving  and . Some examples are as below:
· Example-1:  and  are derived based on a certain assumption of the topology of gNBs and UEs ( is derived based on 1dB desense and   is derived based on  as agreed in last meeting). In this example, the interference is pre-receiver interference.
· Note: link budget analysis can be applied in this example
· [bookmark: _Hlk134971796]Example-2:  is derived based on statistic in SLS, and then  is used in LLS to increase the Gaussian noise power in SBFD symbol compared to TDD UL symbol. In this example, the interference is post-receiver interference.
· Example-3:  and  can be derived based on statistic in SLS. In this example, the interference is post-receiver interference.
· Companies to report the RU assumption for the interference.
· Note: For simplicity, the interference is independently updated/generated in each slot.
· Note: Companies are encouraged to report whether and how channel estimation and interference estimation will be impacted by  and .
· Based on the modelling method, the following high-level evaluation method can be used as an example for coverage performance evaluation:
· Step 1: For legacy TDD system, assume the SNR in UL only slot is , perform LLS to get the required SNR () with which UE can achieve a certain bit rate in UL
· Step 2: For SBFD system with frame structure XXXXU, assume the SNR in UL only slot is  and the SNR in SBFD slot is . Perform LLS to get the required SNR () with which UE can achieve a certain bit rate in UL for a given SBFD coverage enhancement scheme (e.g., SBFD with PUSCH repetition type A, etc.)
· Step 3: Use Link budget template to obtain MPL, MCL and MIL for legacy TDD and SBFD.
· For legacy TDD, the required SNR () obtained in Step 1 is used to calculate MPL, MCL, MIL.
· For SBFD, the required SNR () obtained in Step 2 is used to calculate MPL, MCL, MIL.
Option-2
· The UE-gNB interference and inter-site gNB-gNB co-channel inter-subband CLI in LLS coverage evaluation are explicitly modelled based on a given topology of aggressor UEs and gNBs. The UE-gNB and gNB-gNB fast fading channels are explicitly modelled in LLS. The signal model is as follows
·   
·  is the received signal vector at the victim gNB
·  is the channel matrix from target UE to gNB,  is the transmitted signal of the target user
· , , are the channel matrix and transmitted signal of the UE in the same cell as the target user 
·  and  are the channel matrix and transmitted signal of the UEs in the adjacent cell
· ,  and  are the channel matrix, the precoding matrix, and leakage CLI signal from aggressor gNB  to the victim gNB. 
· The power of the signal and interference is included in the channel marix respectively
·  and  are the self-interference vector of the co-site sectors and the thermal noise signal vector on the receiving antennas
· Companies to report the topology of gNBs and UEs to derive the detailed signals and interferences above. One example is as below
[image: Shape, polygon
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· Based on the above modelling, the following high-level evaluation method can be used as an example for coverage performance evaluation:
· Step 1: For legacy TDD system, perform LLS to get the required SNR () with which UE can achieve a certain bit rate in UL
· Step 2: For SBFD system with frame structure XXXXU, perform LLS to get the required SNR () with which UE can achieve a certain bit rate in UL for a given SBFD coverage enhancement scheme (e.g., SBFD with PUSCH repetition type A, etc.)
· Step 3: Use Link budget template to obtain MPL, MCL and MIL for legacy TDD and SBFD.
· For legacy TDD, the required SNR () obtained in Step 1 is used to calculate MPL, MCL, MIL.
· For SBFD, the required SNR () obtained in Step 2 is used to calculate MPL, MCL, MIL.


The pros and cons of the above options are summarized in Table 2.
[bookmark: _Ref126749024]Table 2  Comparation between Option-1 and Option-2 for coverage performance evaluation.
	
	Pros
	Cons

	Option-1 (Example-1)
	· Low complexity for LLS
· Easy to obtain pre-receiver interference from link budget analysis
	· Over-estimate SBFD interferences, including self-interference, co-site inter-sector interference, inter-site gNB-gNB co-channel inter-subband CLI, since the interference mitigation effect due to MMSE-IRC is not modelled 

	Option-1 (Example-2)
	· Low complexity for LLS
· Better accuracy of interference modelling since the interference mitigation effect due to MMSE-IRC can be modelled
	· SLS statistic outputs are needed to derive the power level of interference, and it is hard to agree common value among companies

	Option-1 (Example-3)
	· Similar to Option-1 (Example-2)
	· It is not clear how to use  and  in LLS

	Option-2
	· Highest accuracy of interference modelling
	· High complexity for interference modelling in LLS, and it is hard to agree common modelling methods among companies


Compared with other options, Option-1 (Example-2) is preferred since it reaches the best compromise between complexity and accuracy.
Under Option-1 (Example-2), the following method can be used to obtain  from SLS, wherein, 
· Step 1: Perform SLS for SBFD with frame structure (XXXXU), and log the post-MMSE interference component in each slot, e.g., 
· In X slot, for the scheduled UL RBs, log the per RB average post MMSE interference power of , , , 
· Step 2: Calculate  per X slot, 
· Obtain per-RB averaged post-MMSE interference power of , , ,  for each X slot
· Note: One slot may be excluded from statistics if any above interference component has invalid value, e.g.,  may have invalid value due to no DL scheduling
· Calculate , wherein, subscript k denotes X slot index
· Step 3: Obtain the per-slot averaged  over all 

Proposal 9: For interference components modelling in LLS with Option-1 (Example-2), the following method can be used to obtain  from SLS,
· Step 1: Perform SLS for SBFD with frame structure (XXXXU), and log the post-MMSE interference component in each slot, e.g., 
· In X slot, for the scheduled UL RBs, log the per RB average post MMSE interference power of , , , 
· Step 2: Calculate  per X slot, 
· Obtain per-RB averaged post-MMSE interference power of , , ,  for each X slot
· Note: One slot may be excluded from statistics if any above interference component has invalid value, e.g.,  may have invalid value due to no DL scheduling
· Calculate , wherein, subscript k denotes X slot index
· Step 3: Obtain the per-slot averaged  over all 

For comparison, both pre-MMSE and post-MMSE  values are obtained from SLS for low load, medium load, and high load, as summarized in Table 3. The additional SLS simulation assumption to obtain  can be found in Table A.3 in Annex A.
[bookmark: _Ref131603480]Table 3  The average ∆ from SLS for Urban Macro (FR1).
	
	Low load
	Medium load
	High load

	Pre-MMSE  (dB)
	1.45
	2.76
	3.95

	Post-MMSE  (dB)
	1.07
	1.22
	1.45


It can be observed that post-MMSE  is much smaller than pre-MMSE , thanks to the excellent interference mitigation performance of MMSE-IRC receiver, and the difference of  values between pre-MMSE and post-MMSE increases from low RU to high RU.

Initial SLS evaluation results for SBFD
Indoor Office (FR1)
Evaluation assumptions
The key and detailed evaluation assumptions for Indoor Office (FR1) are given in Table 4 and Table 5, respectively.
Regarding the additional assumption on CLI handling schemes, 
· For inter-site gNB-gNB co-channel inter-subband CLI, assume the channel matrix from aggressor gNB to victim gNB can be measured by victim gNB, and MMSE-IRC receiver is used to mitigate the leakage gNB-gNB CLI.
· For UE-UE co-channel inter-subband CLI, assume the CLI RSRP from intra-cell aggressor UE to intra-cell victim UE can be measured and reported. Based on the reported UE-UE CLI, the serving cell can recognize intra-cell UE pair with strong UE-UE CLI and avoid scheduling these UEs to perform DL reception and UL transmission, simultaneously.

[bookmark: _Ref134653363]Table 4  Key assumption for Indoor Office (FR1).
	Sub-cases 
Key assumptions
	SBFD#1_InH_FR1_Sub#1
	SBFD#1_InH_FR1_Sub#2

	SBFD slot configuration
	Alt-2: {DDDSU} vs. {XXXXU}
	√
	

	
	Alt-4: {DDDSU} vs. {XXXXX}
	
	√

	
	Alt-1: {DDDSU} vs. {DXXXX}
	
	

	
	Alt-3: {DDSUU} vs. {XXXXU}
	
	

	BS noise figure
	<A, B, C, D> = <-35, -17, 13, 22>
	
	

	
	5dB
	√
	√

	SBFD antenna configuration
	Twice area&same TxRUs (Option 2)
	√
	√

	
	Same area&same TxRUs (Option 1)
	
	

	
	Same area&half TxRUs (Option 3)
	
	

	Packet Size
	DL: 0.5Mbytes, UL: 0.125Mbyte
	√
	√

	
	DL: 4Kbytes, UL: 1Kbyte
	
	



[bookmark: _Ref134653364]Table 5  Detailed evaluation assumption for Indoor Office (FR1).
	
	Parameters
	CMCC

	Interference Modelling
	gNB self-interference - αSI
	[bookmark: _Hlk131620353](Baseline) Based on 1 dB UL desense

	
	BS ICS
	62dB (Upper bound)

	
	UE ICS
	33 dBc 

	
	BS noise figure
	5dB

	SBFD subband and slot configuration
	SBFD slot configuration
	Alt 2 (higher priority): Legacy TDD: {DDDSU}; SBFD: {XXXXU}
Alt 4 (higher priority): Legacy TDD: {DDDSU}; SBFD: {XXXXX}

	
	SBFD Subband configuration
	Option 1 (Baseline): <ND, NU, NG >=<104, 55, 5>

	
	Guard symbols
	1 symbols at the last X slot for Alt 2 {XXXXU}

	
	[bookmark: _Hlk131708844][bookmark: _Hlk131708631]UL/DL resource percentage per TDD period
	Legacy TDD: DL: 77.14%, UL: 20.00%
Alt 2 {XXXXU} with 2 guard symbols: DL: 58.80%, UL: 35.50%
Alt 4 {XXXXX}: DL: 76.20%, UL: 20.10% 

	BS transmit power & antenna configuration
	BS transmit power for SBFD
	(Baseline): Power boosting is not assumed for SBFD symbols compared to DL-only symbols (as in legacy systems)

	
	BS antenna configuration for legacy TDD
	(M,N,P,Mg,Ng;Mp,Np)  = (4,4,2,1,1; 4,4) , (dH,dV) = (0.5, 0.5)λ,  +45°/-45° polarization

	
	BS antenna configuration for SBFD
	Twice area&same TxRUs (higher priority): SBFD antenna configuration Option 2 

	
	BS antenna radiation pattern
	(Baseline): the ceiling-mount antenna pattern in Table 10 in Report ITU-R M.2412 

	
	UE antenna configuration
	4Tx/Rx: (M,N,P,Mg,Ng;Mp,Np) = (1,2,2,1,1;1,2), (dH,dV) = (N/A, N/A)λ, 0°,90° polarization

	Traffic Model
	DL/UL traffic assignment for the same UE
	Option 1: Each UE is either assigned UL traffic or DL traffic. 

	
	DL/UL FTP packet size
	[bookmark: _Hlk131620442](higher priority): 0.5Mbyte for DL and 0.125 Mbytes for UL

	
	DL/UL traffic load for legacy TDD
	{DL:UL}={Low, Low} / {Medium, Medium} / {High, High}

	Channel model
	gNB-gNB
	(higher priority): Both Large scale fading and small scale fading

	
	UE-UE
	Large scale fading only

	
	UE-UE details
	(baseline): TR 38.901

	Others
	Open loop power control parameters
	P0= -60 dBm, alpha = 0.6 

	
	UE receiver
	(Baseline): MMSE-IRC

	
	Channel estimation
	Ideal 

	
	Transmission scheme
	SU-MIMO for both UL and DL


Interference analysis
Figure 1 provides interference-noise analysis under SBFD#1_InH_FR1_Sub#2 (Alt 4, BS noise figure 5dB) with the following metrics,
· For UL, S over N,  over N,  over N,  over N,  over N, wherein, , , ,  are per-UE self-interference, UE-gNB interference, inter-site gNB-gNB co-channel inter-subband CLI (Aspect 1), inter-site gNB-gNB co-channel inter-subband CLI (Aspect 2), respectively
· For DL, S over N,  over N,  over N,  over N, wherein, , ,  are per-UE gNB-UE interference, UE-UE co-channel inter-subband CLI (Aspect 1), UE-UE co-channel inter-subband CLI (Aspect 2), respectively
Note: 
· The above interference-noise metrics are per-UE calculated, i.e., each CDF point is the average over all scheduled RBs intended for one user
· Both pre-MMSE and post-MMSE metrics are provided
[image: ] [image: ] [image: ]
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[bookmark: _Ref134800098]Figure 1  Interference-noise analysis under SBFD#1_InH_FR1_Sub#2.
The following can be observed that for InH (FR1),
· For UL, the inter-site gNB-gNB co-channel inter-subband CLI (leakage and selectivity) as well as the gNB self-interferences can be ignored compared with the legacy UL interferences.
· For DL, the UE-UE co-channel inter-subband CLI (leakage and selectivity) can be ignored compared with the legacy DL interferences.

Observation 2: Under Indoor Office scenario for FR1, the following can be observed:
· For UL, the inter-site gNB-gNB co-channel inter-subband CLI (leakage and selectivity) as well as the gNB self-interferences can be ignored compared with the legacy UL interferences.
· For DL, the UE-UE co-channel inter-subband CLI (leakage and selectivity) can be ignored compared with the legacy DL interferences.

Performance evaluation results
SBFD#1_InH_FR1_Sub#1
Key assumption for SBFD#1_InH_FR1_Sub#1.
	Sub-cases 
Key assumptions
	SBFD#1_InH_FR1_Sub#1

	SBFD slot configuration
	Alt-2: {DDDSU} vs. {XXXXU}
	√

	
	Alt-4: {DDDSU} vs. {XXXXX}
	

	
	Alt-1: {DDDSU} vs. {DXXXX}
	

	
	Alt-3: {DDSUU} vs. {XXXXU}
	

	BS noise figure
	<A, B, C, D> = <-35, -17, 13, 22>
	

	
	5dB
	√

	SBFD antenna configuration
	Twice area&same TxRUs (Option 2)
	√

	
	Same area&same TxRUs (Option 1)
	

	
	Same area&half TxRUs (Option 3)
	

	Packet Size
	DL: 0.5Mbytes, UL: 0.125Mbyte
	√

	
	DL: 4Kbytes, UL: 1Kbyte
	



Evaluation results for SBFD#1_InH_FR1_Sub#1.
	Simple description for the sub-case (RSI based on 1dB desense, SBFD Alt-2, Twice area&same TxRUs (Option 2), DL: 0.5Mbytes, UL: 0.125Mbyte)

	　
	DL and UL arrival rate for baseline static TDD (Type-2 RU: <10%, 20%-40% and ≥50%)

	
	DL: Low, UL: Low
	DL: Medium, UL: Medium
	DL: High, UL: High

	
	TDD
	SBFD
	Gain /Increase
	TDD
	SBFD
	Gain /Increase
	TDD
	SBFD
	Gain /Increase

	DL Average-UPT (Mbps)
	Mean
	CMCC: 281.15, 
	CMCC: 217.40, 
	CMCC: -22.68%, 
	CMCC: 223.40, 
	CMCC: 158.47, 
	CMCC: -29.06%, 
	CMCC: 125.21, 
	CMCC: 73.67, 
	CMCC: -41.17%, 

	
	5%
	CMCC: 222.33, 
	CMCC: 174.05, 
	CMCC: -21.71%, 
	CMCC: 167.89, 
	CMCC: 108.31, 
	CMCC: -35.49%, 
	CMCC: 72.27, 
	CMCC: 40.83, 
	CMCC: -43.51%, 

	
	50%
	CMCC: 277.08, 
	CMCC: 214.28, 
	CMCC: -22.66%, 
	CMCC: 210.78, 
	CMCC: 153.56, 
	CMCC: -27.15%, 
	CMCC: 117.50, 
	CMCC: 69.94, 
	CMCC: -40.47%, 

	UL Average-UPT (Mbps)
	Mean
	CMCC: 37.14, 
	CMCC: 67.11, 
	CMCC: 80.67%, 
	CMCC: 34.40, 
	CMCC: 64.47, 
	CMCC: 87.42%, 
	CMCC: 28.02, 
	CMCC: 59.91, 
	CMCC: 113.84%, 

	
	5%
	CMCC: 28.44, 
	CMCC: 59.77, 
	CMCC: 110.19%, 
	CMCC: 25.48, 
	CMCC: 57.31, 
	CMCC: 124.96%, 
	CMCC: 18.29, 
	CMCC: 50.35, 
	CMCC: 175.26%, 

	
	50%
	CMCC: 37.84, 
	CMCC: 67.59, 
	CMCC: 78.63%, 
	CMCC: 34.75, 
	CMCC: 64.97, 
	CMCC: 86.95%, 
	CMCC: 27.96, 
	CMCC: 60.44, 
	CMCC: 116.15%, 

	DL Packet-Latency CDF (ms)
	Mean
	CMCC: 8.29, 
	CMCC: 10.32, 
	CMCC: 24.48%, 
	CMCC: 11.55, 
	CMCC: 16.33, 
	CMCC: 41.30%, 
	CMCC: 27.27, 
	CMCC: 46.04, 
	CMCC: 68.86%, 

	
	5%
	CMCC: 4.50, 
	CMCC: 5.50, 
	CMCC: 22.22%, 
	CMCC: 4.50, 
	CMCC: 5.50, 
	CMCC: 22.22%, 
	CMCC: 5.00, 
	CMCC: 8.50, 
	CMCC: 70.00%, 

	
	50%
	CMCC: 8.50, 
	CMCC: 10.50, 
	CMCC: 23.53%, 
	CMCC: 9.00, 
	CMCC: 11.00, 
	CMCC: 22.22%, 
	CMCC: 17.50, 
	CMCC: 29.50, 
	CMCC: 68.57%, 

	UL Packet-Latency CDF (ms)
	Mean
	CMCC: 15.86, 
	CMCC: 8.51, 
	CMCC: -46.32%, 
	CMCC: 17.76, 
	CMCC: 9.04, 
	CMCC: -49.07%, 
	CMCC: 25.37, 
	CMCC: 10.02, 
	CMCC: -60.50%, 

	
	5%
	CMCC: 11.50, 
	CMCC: 7.00, 
	CMCC: -39.13%, 
	CMCC: 11.50, 
	CMCC: 7.00, 
	CMCC: -39.13%, 
	CMCC: 11.50, 
	CMCC: 7.00, 
	CMCC: -39.13%, 

	
	50%
	CMCC: 13.50, 
	CMCC: 8.00, 
	CMCC: -40.74%, 
	CMCC: 14.50, 
	CMCC: 8.00, 
	CMCC: -44.83%, 
	CMCC: 18.50, 
	CMCC: 8.00, 
	CMCC: -56.76%, 

	DL RU (%)
	Type-1
	CMCC: 2.98%, 
	CMCC: 3.90%, 
	CMCC: 0.93%, 
	CMCC: 14.55%, 
	CMCC: 20.74%, 
	CMCC: 6.19%, 
	CMCC: 47.31%, 
	CMCC: 62.06%, 
	CMCC: 14.75%, 

	
	Type-2
	CMCC: 3.77%, 
	CMCC: 4.94%, 
	CMCC: 1.18%, 
	CMCC: 18.42%, 
	CMCC: 26.26%, 
	CMCC: 7.84%, 
	CMCC: 59.88%, 
	CMCC: 78.55%, 
	CMCC: 18.67%, 

	UL RU (%)
	Type-1
	CMCC: 1.21%, 
	CMCC: 0.60%, 
	CMCC: -0.61%, 
	CMCC: 4.35%, 
	CMCC: 2.14%, 
	CMCC: -2.20%, 
	CMCC: 10.82%, 
	CMCC: 5.42%, 
	CMCC: -5.40%, 

	
	Type-2
	CMCC: 5.75%, 
	CMCC: 2.86%, 
	CMCC: -2.89%, 
	CMCC: 20.70%, 
	CMCC: 10.20%, 
	CMCC: -10.49%, 
	CMCC: 51.52%, 
	CMCC: 25.83%, 
	CMCC: -25.69%, 

	Note:
- For UPT, the gain can be calculated as: Gain (%) = SBFD UPT / TDD UPT - 1
- For Latency, the increase can be calculated as: Increase (%) = SBFD latency / TDD latency - 1
- For RU, the increase can be calculated as: Increase (%) = SBFD RU (%) - TDD RU (%)



Observation 3: For subcase SBFD#1_InH_FR1_Sub#1, assuming RSI based on 1dB desense, SBFD Alt-2, Twice area&same TxRUs (Option 2), DL: 0.5Mbytes, UL: 0.125Mbyte, key findings are summarized below.
· Traffic load with {DL,UL} = {Low,Low},
· DL performance comparison between SBFD and legacy TDD,
· Regarding mean value of DL average-UPT CDF, degradation of -22.68% for SBFD
· Regarding 5%-tile of DL average-UPT CDF, degradation of -21.71% for SBFD
· Regarding 50%-tile of DL average-UPT CDF, degradation of -22.66% for SBFD
· Regarding mean value of DL packet-latency CDF, increase of 24.48% for SBFD
· Regarding 5%-tile of DL packet-latency CDF, increase of 22.22% for SBFD
· Regarding 50%-tile of DL packet-latency CDF, increase of 23.53% for SBFD
· Regarding DL Type-1 RU CDF, increase of 0.93% for SBFD
· Regarding DL Type-2 RU CDF, increase of 1.18% for SBFD
· UL performance comparison between SBFD and legacy TDD,
· Regarding mean value of UL average-UPT CDF, improvement of 80.67% for SBFD
· Regarding 5%-tile of UL average-UPT CDF, improvement of 110.19% for SBFD
· Regarding 50%-tile of UL average-UPT CDF, improvement of 78.63% for SBFD
· Regarding mean value of UL packet-latency CDF, decrease of -46.32% for SBFD
· Regarding 5%-tile of UL packet-latency CDF, decrease of -39.13% for SBFD
· Regarding 50%-tile of UL packet-latency CDF, decrease of -40.74% for SBFD
· Regarding UL Type-1 RU CDF, decrease of -0.61% for SBFD
· Regarding UL Type-2 RU CDF, decrease of -2.89% for SBFD
· Traffic load with {DL,UL} = {Medium, Medium},
· DL performance comparison between SBFD and legacy TDD,
· Regarding mean value of DL average-UPT CDF, degradation of -29.06% for SBFD
· Regarding 5%-tile of DL average-UPT CDF, degradation of -35.49% for SBFD
· Regarding 50%-tile of DL average-UPT CDF, degradation of -27.15% for SBFD
· Regarding mean value of DL packet-latency CDF, increase of 41.30% for SBFD
· Regarding 5%-tile of DL packet-latency CDF, increase of 22.22% for SBFD
· Regarding 50%-tile of DL packet-latency CDF, increase of 22.22% for SBFD
· Regarding DL Type-1 RU CDF, increase of 6.19% for SBFD
· Regarding DL Type-2 RU CDF, increase of 7.84% for SBFD
· UL performance comparison between SBFD and legacy TDD,
· Regarding mean value of UL average-UPT CDF, improvement of 87.42% for SBFD
· Regarding 5%-tile of UL average-UPT CDF, improvement of 124.96% for SBFD
· Regarding 50%-tile of UL average-UPT CDF, improvement of 86.95% for SBFD
· Regarding mean value of UL packet-latency CDF, decrease of -49.07% for SBFD
· Regarding 5%-tile of UL packet-latency CDF, decrease of -39.13% for SBFD
· Regarding 50%-tile of UL packet-latency CDF, decrease of -44.83% for SBFD
· Regarding UL Type-1 RU CDF, decrease of -2.20% for SBFD
· Regarding UL Type-2 RU CDF, decrease of -10.49% for SBFD
· Traffic load with {DL,UL} = {High, High},
· DL performance comparison between SBFD and legacy TDD,
· Regarding mean value of DL average-UPT CDF, degradation of -41.17% for SBFD
· Regarding 5%-tile of DL average-UPT CDF, degradation of -43.51% for SBFD
· Regarding 50%-tile of DL average-UPT CDF, degradation of -40.47% for SBFD
· Regarding mean value of DL packet-latency CDF, increase of 68.86% for SBFD
· Regarding 5%-tile of DL packet-latency CDF, increase of 70.00% for SBFD
· Regarding 50%-tile of DL packet-latency CDF, increase of 68.57% for SBFD
· Regarding DL Type-1 RU CDF, increase of 14.75% for SBFD
· Regarding DL Type-2 RU CDF, increase of 18.67% for SBFD
· UL performance comparison between SBFD and legacy TDD,
· Regarding mean value of UL average-UPT CDF, improvement of 113.84% for SBFD
· Regarding 5%-tile of UL average-UPT CDF, improvement of 175.26% for SBFD
· Regarding 50%-tile of UL average-UPT CDF, improvement of 116.15% for SBFD
· Regarding mean value of UL packet-latency CDF, decrease of -60.50% for SBFD
· Regarding 5%-tile of UL packet-latency CDF, decrease of -39.13% for SBFD
· Regarding 50%-tile of UL packet-latency CDF, decrease of -56.76% for SBFD
· Regarding UL Type-1 RU CDF, decrease of -5.40% for SBFD
· Regarding UL Type-2 RU CDF, decrease of -25.69% for SBFD

SBFD#1_InH_FR1_Sub#2
Key assumption for SBFD#1_InH_FR1_Sub#2.
	Sub-cases 
Key assumptions
	SBFD#1_InH_FR1_Sub#2

	SBFD slot configuration
	Alt-2: {DDDSU} vs. {XXXXU}
	

	
	Alt-4: {DDDSU} vs. {XXXXX}
	√

	
	Alt-1: {DDDSU} vs. {DXXXX}
	

	
	Alt-3: {DDSUU} vs. {XXXXU}
	

	BS noise figure
	<A, B, C, D> = <-35, -17, 13, 22>
	

	
	5dB
	√

	SBFD antenna configuration
	Twice area&same TxRUs (Option 2)
	√

	
	Same area&same TxRUs (Option 1)
	

	
	Same area&half TxRUs (Option 3)
	

	Packet Size
	DL: 0.5Mbytes, UL: 0.125Mbyte
	√

	
	DL: 4Kbytes, UL: 1Kbyte
	



Evaluation results for SBFD#1_InH_FR1_Sub#2.
	Simple description: for the sub-case (RSI based on 1dB desense, SBFD Alt-4, Twice area&same TxRUs (Option 2), DL: 0.5Mbytes, UL: 0.125Mbyte)

	　
	DL and UL arrival rate for baseline static TDD (Type-2 RU: <10%, 20%-40% and ≥50%)

	
	DL: Low, UL: Low
	DL: Medium, UL: Medium
	DL: High, UL: High

	
	TDD
	SBFD
	Gain /Increase
	TDD
	SBFD
	Gain /Increase
	TDD
	SBFD
	Gain /Increase

	DL Average-UPT (Mbps)
	Mean
	CMCC: 281.15, 
	CMCC: 279.46, 
	CMCC: -0.60%, 
	CMCC: 223.40, 
	CMCC: 217.72, 
	CMCC: -2.55%, 
	CMCC: 125.21, 
	CMCC: 123.10, 
	CMCC: -1.68%, 

	
	5%
	CMCC: 222.33, 
	CMCC: 225.17, 
	CMCC: 1.28%, 
	CMCC: 167.89, 
	CMCC: 159.76, 
	CMCC: -4.84%, 
	CMCC: 72.27, 
	CMCC: 71.63, 
	CMCC: -0.88%, 

	
	50%
	CMCC: 277.08, 
	CMCC: 279.75, 
	CMCC: 0.97%, 
	CMCC: 210.78, 
	CMCC: 211.14, 
	CMCC: 0.17%, 
	CMCC: 117.50, 
	CMCC: 114.04, 
	CMCC: -2.94%, 

	UL Average-UPT (Mbps)
	Mean
	CMCC: 37.14, 
	CMCC: 40.27, 
	CMCC: 8.43%, 
	CMCC: 34.40, 
	CMCC: 38.07, 
	CMCC: 10.68%, 
	CMCC: 28.02, 
	CMCC: 32.88, 
	CMCC: 17.38%, 

	
	5%
	CMCC: 28.44, 
	CMCC: 37.06, 
	CMCC: 30.33%, 
	CMCC: 25.48, 
	CMCC: 33.64, 
	CMCC: 32.04%, 
	CMCC: 18.29, 
	CMCC: 28.17, 
	CMCC: 54.01%, 

	
	50%
	CMCC: 37.84, 
	CMCC: 40.49, 
	CMCC: 7.01%, 
	CMCC: 34.75, 
	CMCC: 38.26, 
	CMCC: 10.10%, 
	CMCC: 27.96, 
	CMCC: 32.56, 
	CMCC: 16.45%, 

	DL Packet-Latency CDF (ms)
	Mean
	CMCC: 8.29, 
	CMCC: 8.13, 
	CMCC: -1.97%, 
	CMCC: 11.55, 
	CMCC: 11.59, 
	CMCC: 0.30%, 
	CMCC: 27.27, 
	CMCC: 25.00, 
	CMCC: -8.32%, 

	
	5%
	CMCC: 4.50, 
	CMCC: 4.50, 
	CMCC: 0.00%, 
	CMCC: 4.50, 
	CMCC: 4.50, 
	CMCC: 0.00%, 
	CMCC: 5.00, 
	CMCC: 5.00, 
	CMCC: 0.00%, 

	
	50%
	CMCC: 8.50, 
	CMCC: 8.50, 
	CMCC: 0.00%, 
	CMCC: 9.00, 
	CMCC: 8.50, 
	CMCC: -5.56%, 
	CMCC: 17.50, 
	CMCC: 17.00, 
	CMCC: -2.86%, 

	UL Packet-Latency CDF (ms)
	Mean
	CMCC: 15.86, 
	CMCC: 14.16, 
	CMCC: -10.74%, 
	CMCC: 17.76, 
	CMCC: 15.44, 
	CMCC: -13.05%, 
	CMCC: 25.37, 
	CMCC: 19.51, 
	CMCC: -23.09%, 

	
	5%
	CMCC: 11.50, 
	CMCC: 13.00, 
	CMCC: 13.04%, 
	CMCC: 11.50, 
	CMCC: 13.00, 
	CMCC: 13.04%, 
	CMCC: 11.50, 
	CMCC: 13.00, 
	CMCC: 13.04%, 

	
	50%
	CMCC: 13.50, 
	CMCC: 13.00, 
	CMCC: -3.70%, 
	CMCC: 14.50, 
	CMCC: 13.00, 
	CMCC: -10.34%, 
	CMCC: 18.50, 
	CMCC: 14.00, 
	CMCC: -24.32%, 

	DL RU (%)
	Type-1
	CMCC: 2.98%, 
	CMCC: 3.00%, 
	CMCC: 0.03%, 
	CMCC: 14.55%, 
	CMCC: 14.93%, 
	CMCC: 0.38%, 
	CMCC: 47.31%, 
	CMCC: 47.03%, 
	CMCC: -0.28%, 

	
	Type-2
	CMCC: 3.77%, 
	CMCC: 3.80%, 
	CMCC: 0.04%, 
	CMCC: 18.42%, 
	CMCC: 18.90%, 
	CMCC: 0.48%, 
	CMCC: 59.88%, 
	CMCC: 59.53%, 
	CMCC: -0.35%, 

	UL RU (%)
	Type-1
	CMCC: 1.21%, 
	CMCC: 0.98%, 
	CMCC: -0.22%, 
	CMCC: 4.35%, 
	CMCC: 3.50%, 
	CMCC: -0.85%, 
	CMCC: 10.82%, 
	CMCC: 8.84%, 
	CMCC: -1.98%, 

	
	Type-2
	CMCC: 5.75%, 
	CMCC: 4.68%, 
	CMCC: -1.07%, 
	CMCC: 20.70%, 
	CMCC: 16.65%, 
	CMCC: -4.04%, 
	CMCC: 51.52%, 
	CMCC: 42.07%, 
	CMCC: -9.45%, 

	Note:
- For UPT, the gain can be calculated as: Gain (%) = SBFD UPT / TDD UPT - 1
- For Latency, the increase can be calculated as: Increase (%) = SBFD latency / TDD latency - 1
- For RU, the increase can be calculated as: Increase (%) = SBFD RU (%) - TDD RU (%)



Observation 4: For subcase SBFD#1_InH_FR1_Sub#2, assuming RSI based on 1dB desense, SBFD Alt-4, Twice area&same TxRUs (Option 2), DL: 0.5Mbytes, UL: 0.125Mbyte, key findings are summarized below.
· Traffic load with {DL,UL} = {Low,Low},
· DL performance comparison between SBFD and legacy TDD,
· Regarding mean value of DL average-UPT CDF, degradation of -0.60% for SBFD
· Regarding 5%-tile of DL average-UPT CDF, improvement of 1.28% for SBFD
· Regarding 50%-tile of DL average-UPT CDF, improvement of 0.97% for SBFD
· Regarding mean value of DL packet-latency CDF, decrease of -1.97% for SBFD
· Regarding 5%-tile of DL packet-latency CDF, no change for SBFD
· Regarding 50%-tile of DL packet-latency CDF, no change for SBFD
· Regarding DL Type-1 RU CDF, increase of 0.03% for SBFD
· Regarding DL Type-2 RU CDF, increase of 0.04% for SBFD
· UL performance comparison between SBFD and legacy TDD,
· Regarding mean value of UL average-UPT CDF, improvement of 8.43% for SBFD
· Regarding 5%-tile of UL average-UPT CDF, improvement of 30.33% for SBFD
· Regarding 50%-tile of UL average-UPT CDF, improvement of 7.01% for SBFD
· Regarding mean value of UL packet-latency CDF, decrease of -10.74% for SBFD
· Regarding 5%-tile of UL packet-latency CDF, increase of 13.04% for SBFD
· Regarding 50%-tile of UL packet-latency CDF, decrease of -3.70% for SBFD
· Regarding UL Type-1 RU CDF, decrease of -0.22% for SBFD
· Regarding UL Type-2 RU CDF, decrease of -1.07% for SBFD
· Traffic load with {DL,UL} = {Medium, Medium},
· DL performance comparison between SBFD and legacy TDD,
· Regarding mean value of DL average-UPT CDF, degradation of -2.55% for SBFD
· Regarding 5%-tile of DL average-UPT CDF, degradation of -4.84% for SBFD
· Regarding 50%-tile of DL average-UPT CDF, improvement of 0.17% for SBFD
· Regarding mean value of DL packet-latency CDF, increase of 0.30% for SBFD
· Regarding 5%-tile of DL packet-latency CDF, no change for SBFD
· Regarding 50%-tile of DL packet-latency CDF, decrease of -5.56% for SBFD
· Regarding DL Type-1 RU CDF, increase of 0.38% for SBFD
· Regarding DL Type-2 RU CDF, increase of 0.48% for SBFD
· UL performance comparison between SBFD and legacy TDD,
· Regarding mean value of UL average-UPT CDF, improvement of 10.68% for SBFD
· Regarding 5%-tile of UL average-UPT CDF, improvement of 32.04% for SBFD
· Regarding 50%-tile of UL average-UPT CDF, improvement of 10.10% for SBFD
· Regarding mean value of UL packet-latency CDF, decrease of -13.05% for SBFD
· Regarding 5%-tile of UL packet-latency CDF, increase of 13.04% for SBFD
· Regarding 50%-tile of UL packet-latency CDF, decrease of -10.34% for SBFD
· Regarding UL Type-1 RU CDF, decrease of -0.85% for SBFD
· Regarding UL Type-2 RU CDF, decrease of -4.04% for SBFD
· Traffic load with {DL,UL} = {High, High},
· DL performance comparison between SBFD and legacy TDD,
· Regarding mean value of DL average-UPT CDF, degradation of -1.68% for SBFD
· Regarding 5%-tile of DL average-UPT CDF, degradation of -0.88% for SBFD
· Regarding 50%-tile of DL average-UPT CDF, degradation of -2.94% for SBFD
· Regarding mean value of DL packet-latency CDF, decrease of -8.32% for SBFD
· Regarding 5%-tile of DL packet-latency CDF, no change for SBFD
· Regarding 50%-tile of DL packet-latency CDF, decrease of -2.86% for SBFD
· Regarding DL Type-1 RU CDF, decrease of -0.28% for SBFD
· Regarding DL Type-2 RU CDF, decrease of -0.35% for SBFD
· UL performance comparison between SBFD and legacy TDD,
· Regarding mean value of UL average-UPT CDF, improvement of 17.38% for SBFD
· Regarding 5%-tile of UL average-UPT CDF, improvement of 54.01% for SBFD
· Regarding 50%-tile of UL average-UPT CDF, improvement of 16.45% for SBFD
· Regarding mean value of UL packet-latency CDF, decrease of -23.09% for SBFD
· Regarding 5%-tile of UL packet-latency CDF, increase of 13.04% for SBFD
· Regarding 50%-tile of UL packet-latency CDF, decrease of -24.32% for SBFD
· Regarding UL Type-1 RU CDF, decrease of -1.98% for SBFD
· Regarding UL Type-2 RU CDF, decrease of -9.45% for SBFD

Initial LLS evaluation results for SBFD coverage performance
Initial LLS evaluation was performed for SBFD coverage performance assuming
· PUSCH with 1Mbps target data rate for Urban Macro scenario for FR1
· Baseline legacy TDD with {DDDSU} and SBFD with {XXXXU}
· For baseline legacy TDD, single slot is used for PUSCH transmission
· For SBFD, coverage enhancement technique of Scheme-1 (i.e., SBFD with PUSCH repetition type A) is assumed, wherein, PUSCH for SBFD is repeated across 4 SBFD slots and one UL slot with RV {0,2,3,1,0}
· For interference components modelling in LLS, Option-1 (Example-2) is assumed, wherein, the post-MMSE  obtained from SLS as shown in Table 3 is used for LLS evaluation
· For both baseline legacy TDD and SBFD, PUSCH with 30 PRB and MCS = 4 is considered to achieve 1Mbps target data rate
· Regarding antenna configuration, 1T64R is considered for architectures to study, while 1T4R is modelled in our LLS. The practical antenna gain can be reflected in link budget template
· The detailed link level simulation assumptions are given in Annex A

The initial LLS evaluation results are given in Table 6 and Figure 2. 
[bookmark: _Ref131626811][bookmark: _Hlk131626758]Table 6  Required SNR in UL only slot assume different interference.
	
	Post-MMSE  (dB)
	Required SNR(dB) in UL only slot 
[bookmark: _Hlk131626525](1Mbps with 10% iBLER)

	Legacy TDD (single UL slot)
	-
	-5.46

	SBFD (XXXXU) for Low Load 
	1.07
	-11.16

	SBFD (XXXXU) for Medium Load 
	1.22
	-11.06

	SBFD (XXXXU) for High Load 
	1.45
	-10.89





[bookmark: _Ref131626829]Figure 2  BLER over required SNR.

Coverage metrics, e.g., MPL, MCL, MIL, and Maximum range, are obtained from Link budget analysis (with Link budget template shown in Annex B) based on the required SNR for both legacy TDD and SBFD obtained in LLS (as shown in Table 6).
The PUSCH coverage performance of SBFD with 1Mbps target data rate for Urban Macro O2I scenario for FR1, assuming 30 PRB and MCS = 4, legacy TDD with {DDDSU} and SBFD with {XXXXU}, SBFD coverage enhancement technique of Scheme-1 (SBFD with PUSCH repetition type A, wherein, PUSCH for SBFD is repeated across 4 SBFD slots and one UL slot with RV {0,2,3,1,0}) is summarized in Table 7. The detailed Link budget analysis can be found in Annex B.

[bookmark: _Ref131684141]Table 7  Coverage performance of SBFD.
	PUSCH-FR1-Urban Macro

	Company name
	TDD/SBFD
	Required SNR
	MCL
	MIL
	MPL
	Key assumptions

	CMCC
	TDD
	-5.46
	125.63
	134.40
	103.67
	Scheme 1, Option-1 (Example-2), Low Load, △=1.07 dB

	
	SBFD
	-11.16
	[bookmark: _Hlk134985365]131.33
	140.10
	109.37
	

	
	Gain
	5.70
	5.70
	5.70
	5.70
	

	CMCC
	TDD
	-5.46
	125.63
	134.40
	103.67
	Scheme 1, Option-1 (Example-2), Medium Load, △=1.22 dB

	
	SBFD
	-11.06
	131.23
	140.00
	109.27
	

	
	Gain
	5.60
	5.60
	5.60
	5.60
	

	CMCC
	TDD
	-5.46
	125.63
	134.40
	103.67
	Scheme 1, Option-1 (Example-2), High Load, △=1.45 dB

	
	SBFD
	-10.89
	131.06
	139.83
	109.10
	

	
	Gain
	5.43
	5.43
	5.43
	5.43
	

	Note: 
- For Required SNR, the gain can be calculated as: Gain (%) = TDD (%) - SBFD (%) 
- For MCL / MIL / MPL, the gain can be calculated as: Gain (%) = SBFD (%) - TDD (%) 



Observation 5: For PUSCH coverage performance with 1Mbps target data rate for Urban Macro O2I scenario for FR1, assuming 30 PRB and MCS = 4, legacy TDD with {DDDSU} and SBFD with {XXXXU}, SBFD coverage enhancement technique of Scheme-1 (SBFD with PUSCH repetition type A, wherein, PUSCH for SBFD is repeated across 4 SBFD slots and one UL slot with RV {0,2,3,1,0}), 
· The coverage performance of SBFD is much better than legacy TDD, wherein, the coverage performance improvements slightly decrease from low RU to high RU 
· Regarding MCL metric,
· The MCL for legacy TDD is 125.63 dB, 
· The MCL for SBFD is 131.33 dB, 131.23 dB and 131.06 dB for low load, medium load, and high load, respectively
· Regarding MIL metric,
· The MIL for legacy TDD is 134.40 dB, 
· The MIL for SBFD is 140.10 dB, 140.00 dB and 139.83 dB for low load, medium load, and high load, respectively
· Regarding MPL metric,
· The MPL for legacy TDD is 103.67 dB, 
· The MPL for SBFD is 109.37 dB, 109.27 dB and 109.10 dB for low load, medium load, and high load, respectively
· Regarding maximum range metric,
· The maximum range for legacy TDD is 99.46 m, 
· The maximum range for SBFD is 139.15 m (gain = 39.90%), 138.33 m (gain = 39.08%) and 136.95 m (gain = 37.70%) for low load, medium load, and high load, respectively

Coverage performance of SBFD.
	PUSCH-FR1-Urban Macro

	Company name
	TDD/SBFD
	Required SNR
	MCL
	MIL
	MPL
	Key assumptions

	CMCC
	TDD
	-5.46
	125.63
	134.40
	103.67
	Scheme 1, Option-1 (Example-2), Low Load, △=1.07 dB

	
	SBFD
	-11.16
	131.33
	140.10
	109.37
	

	
	Gain
	5.70
	5.70
	5.70
	5.70
	

	CMCC
	TDD
	-5.46
	125.63
	134.40
	103.67
	Scheme 1, Option-1 (Example-2), Medium Load, △=1.22 dB

	
	SBFD
	-11.06
	131.23
	140.00
	109.27
	

	
	Gain
	5.60
	5.60
	5.60
	5.60
	

	CMCC
	TDD
	-5.46
	125.63
	134.40
	103.67
	Scheme 1, Option-1 (Example-2), High Load, △=1.45 dB

	
	SBFD
	-10.89
	131.06
	139.83
	109.10
	

	
	Gain
	5.43
	5.43
	5.43
	5.43
	

	Note: 
- For Required SNR, the gain can be calculated as: Gain (%) = TDD (%) - SBFD (%) 
- For MCL / MIL / MPL, the gain can be calculated as: Gain (%) = SBFD (%) - TDD (%) 



Conclusions
In this contribution, remaining issues on SLS and LLS evaluation methodology are discussed. Some initial evaluation results are also provided. The following observations and proposals are made.
Observation 1: From RAN4’s understanding, the piece wise BS noise figure model and the receiver selectivity model at victim gNB should be simultaneously applied for both FR1 and FR2-1.
Observation 2: Under Indoor Office scenario for FR1, the following can be observed:
· For UL, the inter-site gNB-gNB co-channel inter-subband CLI (leakage and selectivity) as well as the gNB self-interferences can be ignored compared with the legacy UL interferences.
· For DL, the UE-UE co-channel inter-subband CLI (leakage and selectivity) can be ignored compared with the legacy DL interferences.
Observation 3: For subcase SBFD#1_InH_FR1_Sub#1, assuming RSI based on 1dB desense, SBFD Alt-2, Twice area&same TxRUs (Option 2), DL: 0.5Mbytes, UL: 0.125Mbyte, key findings are summarized below.
· Traffic load with {DL,UL} = {Low,Low},
· DL performance comparison between SBFD and legacy TDD,
· Regarding mean value of DL average-UPT CDF, degradation of -22.68% for SBFD
· Regarding 5%-tile of DL average-UPT CDF, degradation of -21.71% for SBFD
· Regarding 50%-tile of DL average-UPT CDF, degradation of -22.66% for SBFD
· Regarding mean value of DL packet-latency CDF, increase of 24.48% for SBFD
· Regarding 5%-tile of DL packet-latency CDF, increase of 22.22% for SBFD
· Regarding 50%-tile of DL packet-latency CDF, increase of 23.53% for SBFD
· Regarding DL Type-1 RU CDF, increase of 0.93% for SBFD
· Regarding DL Type-2 RU CDF, increase of 1.18% for SBFD
· UL performance comparison between SBFD and legacy TDD,
· Regarding mean value of UL average-UPT CDF, improvement of 80.67% for SBFD
· Regarding 5%-tile of UL average-UPT CDF, improvement of 110.19% for SBFD
· Regarding 50%-tile of UL average-UPT CDF, improvement of 78.63% for SBFD
· Regarding mean value of UL packet-latency CDF, decrease of -46.32% for SBFD
· Regarding 5%-tile of UL packet-latency CDF, decrease of -39.13% for SBFD
· Regarding 50%-tile of UL packet-latency CDF, decrease of -40.74% for SBFD
· Regarding UL Type-1 RU CDF, decrease of -0.61% for SBFD
· Regarding UL Type-2 RU CDF, decrease of -2.89% for SBFD
· Traffic load with {DL,UL} = {Medium, Medium},
· DL performance comparison between SBFD and legacy TDD,
· Regarding mean value of DL average-UPT CDF, degradation of -29.06% for SBFD
· Regarding 5%-tile of DL average-UPT CDF, degradation of -35.49% for SBFD
· Regarding 50%-tile of DL average-UPT CDF, degradation of -27.15% for SBFD
· Regarding mean value of DL packet-latency CDF, increase of 41.30% for SBFD
· Regarding 5%-tile of DL packet-latency CDF, increase of 22.22% for SBFD
· Regarding 50%-tile of DL packet-latency CDF, increase of 22.22% for SBFD
· Regarding DL Type-1 RU CDF, increase of 6.19% for SBFD
· Regarding DL Type-2 RU CDF, increase of 7.84% for SBFD
· UL performance comparison between SBFD and legacy TDD,
· Regarding mean value of UL average-UPT CDF, improvement of 87.42% for SBFD
· Regarding 5%-tile of UL average-UPT CDF, improvement of 124.96% for SBFD
· Regarding 50%-tile of UL average-UPT CDF, improvement of 86.95% for SBFD
· Regarding mean value of UL packet-latency CDF, decrease of -49.07% for SBFD
· Regarding 5%-tile of UL packet-latency CDF, decrease of -39.13% for SBFD
· Regarding 50%-tile of UL packet-latency CDF, decrease of -44.83% for SBFD
· Regarding UL Type-1 RU CDF, decrease of -2.20% for SBFD
· Regarding UL Type-2 RU CDF, decrease of -10.49% for SBFD
· Traffic load with {DL,UL} = {High, High},
· DL performance comparison between SBFD and legacy TDD,
· Regarding mean value of DL average-UPT CDF, degradation of -41.17% for SBFD
· Regarding 5%-tile of DL average-UPT CDF, degradation of -43.51% for SBFD
· Regarding 50%-tile of DL average-UPT CDF, degradation of -40.47% for SBFD
· Regarding mean value of DL packet-latency CDF, increase of 68.86% for SBFD
· Regarding 5%-tile of DL packet-latency CDF, increase of 70.00% for SBFD
· Regarding 50%-tile of DL packet-latency CDF, increase of 68.57% for SBFD
· Regarding DL Type-1 RU CDF, increase of 14.75% for SBFD
· Regarding DL Type-2 RU CDF, increase of 18.67% for SBFD
· UL performance comparison between SBFD and legacy TDD,
· Regarding mean value of UL average-UPT CDF, improvement of 113.84% for SBFD
· Regarding 5%-tile of UL average-UPT CDF, improvement of 175.26% for SBFD
· Regarding 50%-tile of UL average-UPT CDF, improvement of 116.15% for SBFD
· Regarding mean value of UL packet-latency CDF, decrease of -60.50% for SBFD
· Regarding 5%-tile of UL packet-latency CDF, decrease of -39.13% for SBFD
· Regarding 50%-tile of UL packet-latency CDF, decrease of -56.76% for SBFD
· Regarding UL Type-1 RU CDF, decrease of -5.40% for SBFD
· Regarding UL Type-2 RU CDF, decrease of -25.69% for SBFD
Observation 4: For subcase SBFD#1_InH_FR1_Sub#2, assuming RSI based on 1dB desense, SBFD Alt-4, Twice area&same TxRUs (Option 2), DL: 0.5Mbytes, UL: 0.125Mbyte, key findings are summarized below.
· Traffic load with {DL,UL} = {Low,Low},
· DL performance comparison between SBFD and legacy TDD,
· Regarding mean value of DL average-UPT CDF, degradation of -0.60% for SBFD
· Regarding 5%-tile of DL average-UPT CDF, improvement of 1.28% for SBFD
· Regarding 50%-tile of DL average-UPT CDF, improvement of 0.97% for SBFD
· Regarding mean value of DL packet-latency CDF, decrease of -1.97% for SBFD
· Regarding 5%-tile of DL packet-latency CDF, no change for SBFD
· Regarding 50%-tile of DL packet-latency CDF, no change for SBFD
· Regarding DL Type-1 RU CDF, increase of 0.03% for SBFD
· Regarding DL Type-2 RU CDF, increase of 0.04% for SBFD
· UL performance comparison between SBFD and legacy TDD,
· Regarding mean value of UL average-UPT CDF, improvement of 8.43% for SBFD
· Regarding 5%-tile of UL average-UPT CDF, improvement of 30.33% for SBFD
· Regarding 50%-tile of UL average-UPT CDF, improvement of 7.01% for SBFD
· Regarding mean value of UL packet-latency CDF, decrease of -10.74% for SBFD
· Regarding 5%-tile of UL packet-latency CDF, increase of 13.04% for SBFD
· Regarding 50%-tile of UL packet-latency CDF, decrease of -3.70% for SBFD
· Regarding UL Type-1 RU CDF, decrease of -0.22% for SBFD
· Regarding UL Type-2 RU CDF, decrease of -1.07% for SBFD
· Traffic load with {DL,UL} = {Medium, Medium},
· DL performance comparison between SBFD and legacy TDD,
· Regarding mean value of DL average-UPT CDF, degradation of -2.55% for SBFD
· Regarding 5%-tile of DL average-UPT CDF, degradation of -4.84% for SBFD
· Regarding 50%-tile of DL average-UPT CDF, improvement of 0.17% for SBFD
· Regarding mean value of DL packet-latency CDF, increase of 0.30% for SBFD
· Regarding 5%-tile of DL packet-latency CDF, no change for SBFD
· Regarding 50%-tile of DL packet-latency CDF, decrease of -5.56% for SBFD
· Regarding DL Type-1 RU CDF, increase of 0.38% for SBFD
· Regarding DL Type-2 RU CDF, increase of 0.48% for SBFD
· UL performance comparison between SBFD and legacy TDD,
· Regarding mean value of UL average-UPT CDF, improvement of 10.68% for SBFD
· Regarding 5%-tile of UL average-UPT CDF, improvement of 32.04% for SBFD
· Regarding 50%-tile of UL average-UPT CDF, improvement of 10.10% for SBFD
· Regarding mean value of UL packet-latency CDF, decrease of -13.05% for SBFD
· Regarding 5%-tile of UL packet-latency CDF, increase of 13.04% for SBFD
· Regarding 50%-tile of UL packet-latency CDF, decrease of -10.34% for SBFD
· Regarding UL Type-1 RU CDF, decrease of -0.85% for SBFD
· Regarding UL Type-2 RU CDF, decrease of -4.04% for SBFD
· Traffic load with {DL,UL} = {High, High},
· DL performance comparison between SBFD and legacy TDD,
· Regarding mean value of DL average-UPT CDF, degradation of -1.68% for SBFD
· Regarding 5%-tile of DL average-UPT CDF, degradation of -0.88% for SBFD
· Regarding 50%-tile of DL average-UPT CDF, degradation of -2.94% for SBFD
· Regarding mean value of DL packet-latency CDF, decrease of -8.32% for SBFD
· Regarding 5%-tile of DL packet-latency CDF, no change for SBFD
· Regarding 50%-tile of DL packet-latency CDF, decrease of -2.86% for SBFD
· Regarding DL Type-1 RU CDF, decrease of -0.28% for SBFD
· Regarding DL Type-2 RU CDF, decrease of -0.35% for SBFD
· UL performance comparison between SBFD and legacy TDD,
· Regarding mean value of UL average-UPT CDF, improvement of 17.38% for SBFD
· Regarding 5%-tile of UL average-UPT CDF, improvement of 54.01% for SBFD
· Regarding 50%-tile of UL average-UPT CDF, improvement of 16.45% for SBFD
· Regarding mean value of UL packet-latency CDF, decrease of -23.09% for SBFD
· Regarding 5%-tile of UL packet-latency CDF, increase of 13.04% for SBFD
· Regarding 50%-tile of UL packet-latency CDF, decrease of -24.32% for SBFD
· Regarding UL Type-1 RU CDF, decrease of -1.98% for SBFD
· Regarding UL Type-2 RU CDF, decrease of -9.45% for SBFD
Observation 5: For PUSCH coverage performance with 1Mbps target data rate for Urban Macro O2I scenario for FR1, assuming 30 PRB and MCS = 4, legacy TDD with {DDDSU} and SBFD with {XXXXU}, SBFD coverage enhancement technique of Scheme-1 (SBFD with PUSCH repetition type A, wherein, PUSCH for SBFD is repeated across 4 SBFD slots and one UL slot with RV {0,2,3,1,0}), 
· The coverage performance of SBFD is much better than legacy TDD, wherein, the coverage performance improvements slightly decrease from low RU to high RU 
· Regarding MCL metric,
· The MCL for legacy TDD is 125.63 dB, 
· The MCL for SBFD is 131.33 dB, 131.23 dB and 131.06 dB for low load, medium load, and high load, respectively
· Regarding MIL metric,
· The MIL for legacy TDD is 134.40 dB, 
· The MIL for SBFD is 140.10 dB, 140.00 dB and 139.83 dB for low load, medium load, and high load, respectively
· Regarding MPL metric,
· The MPL for legacy TDD is 103.67 dB, 
· The MPL for SBFD is 109.37 dB, 109.27 dB and 109.10 dB for low load, medium load, and high load, respectively
· Regarding maximum range metric,
· The maximum range for legacy TDD is 99.46 m, 
· The maximum range for SBFD is 139.15 m (gain = 39.90%), 138.33 m (gain = 39.08%) and 136.95 m (gain = 37.70%) for low load, medium load, and high load, respectively
Coverage performance of SBFD.
	PUSCH-FR1-Urban Macro

	Company name
	TDD/SBFD
	Required SNR
	MCL
	MIL
	MPL
	Key assumptions

	CMCC
	TDD
	-5.46
	125.63
	134.40
	103.67
	Scheme 1, Option-1 (Example-2), Low Load, △=1.07 dB

	
	SBFD
	-11.16
	131.33
	140.10
	109.37
	

	
	Gain
	5.70
	5.70
	5.70
	5.70
	

	CMCC
	TDD
	-5.46
	125.63
	134.40
	103.67
	Scheme 1, Option-1 (Example-2), Medium Load, △=1.22 dB

	
	SBFD
	-11.06
	131.23
	140.00
	109.27
	

	
	Gain
	5.60
	5.60
	5.60
	5.60
	

	CMCC
	TDD
	-5.46
	125.63
	134.40
	103.67
	Scheme 1, Option-1 (Example-2), High Load, △=1.45 dB

	
	SBFD
	-10.89
	131.06
	139.83
	109.10
	

	
	Gain
	5.43
	5.43
	5.43
	5.43
	

	Note: 
- For Required SNR, the gain can be calculated as: Gain (%) = TDD (%) - SBFD (%) 
- For MCL / MIL / MPL, the gain can be calculated as: Gain (%) = SBFD (%) - TDD (%) 



Proposal 1: Confirm the updated working assumption in RAN1#112bis-e meeting as below.
Updated Working Assumption:
For SLS of duplex evaluation in RAN1, the BS noise figure is modelled as piece wise linear based on the total received power (P) as

· For FR1, A = -43dBm, B = -25dBm, C = 5dB, D = 14dB
· P is in dB scale. The linear value of total received power is the linear sum of all received power, including wanted signal, co-channel and adjacent-channel UE-gNB interference, self-interference, co-channel and adjacent-channel co-site inter-sector interference and co-channel and adjacent-channel inter-site gNB-gNB interference.
· adjacent-channel interference is only used for SBFD deployment case 4
· If P is larger than B, the receiver will be blocked.
· For FR1 WA BS without sub-band filter, A = -43dBm, B = -25dBm, C = 5dB, D = 14dB
· For FR1 WA BS with sub-band filter, A = -35dBm, B = -17dBm, C = 5dB, D = 14dB
· For FR1 MR BS, A = -38dBm, B = -20dBm, C = 10dB, D = 19dB
· For FR1 LA BS, A = -35dBm, B = -17dBm, C = 13dB, D = 22dB
· For FR2-1 BS, A = -58dBm, B = -40dBm, C = 10dB, D = 19dB
· Send LS to RAN4 to ask the following questions:
· Whether the above values of A, B, C and D can be used for all the BS classes in FR1? If not, what are the values of A, B, C and D for each of BS classes in FR1?
· Whether fixed noise figure can be used for FR2-1 in RAN1 evaluation? If not, what are the values of A, B, C and D for BS classes in FR2-1?
· The feasibility and applicable scenarios of improved noise figure, e.g., by introducing additional interference reduction techniques like subband filtering.
· Before receiving further RAN4 inputs, the fixed noise figure is used in RAN1 evaluation as below.
· Dense Urban Macro layer: 10dB for FR2-1
· Dense Urban Micro layer: 10dB for FR2-1
· Indoor: 10dB for FR2-1
Before receiving further RAN4 inputs, the piece-wise noise figure can be used for all scenarios in FR1 in RAN1 evaluation
Proposal 2: For co-site gNB-gNB adjacent-channel CLI modelling, RAN1 assume the following for evaluation:
· For spatial isolation for FR1,
· Option 1: 93dB + X, X = 25 dB 
· Option 2: 93dB + X, X = 0 dB
· Option 3: 75dB + X, X = 25 dB 
· Option 4: 75dB + X, X = 0 dB 
· For spatial isolation for FR2-1,
· Option 1: 98dB + X, X = 25 dB
· Option 2: 98dB + X, X = 0 dB
· Option 3: 88dB + X, X = 25 dB 
· Option 4: 88dB + X, X = 0 dB 
· Other values are not precluded and can be reported by companies.
Proposal 3: The piece wise BS noise figure model should be used for both FR1 and FR2-1.
Proposal 4: For SLS of SBFD, use the following values for UE ICS () for UE-UE co-channel channel model.
·  = 33dB for FR1 and  = 23dB for FR2-1
Proposal 5: For SLS of SBFD, update the previous agreement in RAN1#112 meeting as below.
For SLS of SBFD, use the following values for BS ACLR/ACS ( and ).
	
	FR1
	FR2-1

	BS ACLR
	45 dB
	28 dB

	BS ACS
	Option-1: 62dB
Option-2: 50dB
Option-3: 46 dB
	23.5 dB


Proposal 6: For SLS of SBFD, update the previous agreement in RAN1#112 meeting as below.
For SLS of SBFD, use the following values for UE ACLR/ACS ( and ) for UE-UE adjacent-channel CLI modeling.
	
	FR1
	FR2-1

	UE ACLR
	Option-1 (baseline): 
min{ 30dB + (23dBm - P), 40dB}

Option-2 (optional): 30 dB
	Option-1 (baseline): 
min{ 24dB + (23dBm - P), 34dB}

Option-2 (optional): 24 23 dB

	UE ACS
	33 dB
	23 dB


Note: P is the UE Tx power across all transmit chains over the allocated UL RBs in dBm.
Proposal 7: To capture enough inputs for meaningful conclusion for SLS of SBFD, regarding the parameters with different options, some options are recommended with higher priority, e.g.,
· For co-site inter-sector co-channel inter-subband CLI modelling, 
· For FR1, 100dB (spatial isolation) + 10dB digital isolation with higher priority
· For FR2-1, 105dB (spatial isolation) + 10dB digital isolation with higher priority
· For co-site gNB-gNB adjacent-channel CLI modelling, 
· For FR1, 93dB + X, X = 25 dB spatial isolation with higher priority
· For FR2-1, 98dB + X, X = 25 dB spatial isolation with higher priority
· For BS ICS () and BS ACS () for FR1,
· 62dB with higher priority
Proposal 8: Update the previous agreement in RAN1#112bis-e meeting as below.
Adopt the following evaluation assumptions for LLS for coverage performance evaluation.
Table X-1: General parameters for FR1
	Parameter
	Value

	Scenario and frequency
	Urban Macro: 4GHz

	Frame structure for TDD
	TDD: DDDSU (S: 10D:2G:2U 12D:2G:0U)
SBFD: XXXXU, where X denotes SBFD slot.
· For SBFD slot, {DUD} pattern is assumed.
· 100MHz channel bandwidth and 30kHz SCS (273 PRB): < ND, NU, NG > = <104, 55, 5>


Table X-3: General parameters for FR2
	Parameter
	Value

	Scenario and frequency
	Dense Urban Macro: 30GHz

	Frame structure for TDD
	TDD: DDDSU (S: 10D:2G:2U 12D:2G:0U)
SBFD: XXXXU where X denotes SBFD slot.
· For SBFD slot, {DUD} pattern is assumed,
· 200MHz channel bandwidth and 120kHz SCS (132 PRB): < ND, NU, NG > = <52, 26, 1>


Proposal 9: For interference components modelling in LLS with Option-1 (Example-2), the following method can be used to obtain  from SLS,
· Step 1: Perform SLS for SBFD with frame structure (XXXXU), and log the post-MMSE interference component in each slot, e.g., 
· In X slot, for the scheduled UL RBs, log the per RB average post MMSE interference power of , , , 
· Step 2: Calculate  per X slot, 
· Obtain per-RB averaged post-MMSE interference power of , , ,  for each X slot
· Note: One slot may be excluded from statistics if any above interference component has invalid value, e.g.,  may have invalid value due to no DL scheduling
· Calculate , wherein, subscript k denotes X slot index
· Step 3: Obtain the per-slot averaged  over all 
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Annex A: Link level simulation assumptions
Table A.1  General parameters for FR1
	Parameter
	Value

	Scenario and frequency
	Urban Macro: 4GHz

	Frame structure for TDD
	TDD: DDDSU (S: 10D:2G:2U 12D:2G:0U)
SBFD: XXXXU, where X denotes SBFD slot.
· For SBFD slot, {DUD} pattern is assumed.
· 100MHz channel bandwidth and 30kHz SCS (273 PRB): < ND, NU, NG > = <104, 55, 5>

	Target data rates for eMBB
	UL 1Mbps

	Pathloss model (select from LoS or NLoS)
	gNB-UE: NLOS
gNB-gNB (if modelled in LLS): LOS: NLOS = 3:1

	BWP
	100MHz

	Channel model for link-level simulation
	gNB-UE: TDL-C for NLOS

	Delay spread
	300ns

	UE velocity
	3km/h for indoor

	Number of antenna elements for BS
	SBFD antenna configuration option-2,
· 192 antenna elements 
· (M,N,P,Mg,Ng) = (12,8,2,1,1)
· Note: it is the same for both SBFD and non-SBFD slots

	Number of TxRUs for BS
	gNB architectures to study:
SBFD antenna configuration option-2,
· 64 TxRUs
· Note: it is the same for both SBFD and non-SBFD slots

gNB modelling in LLS for TDL:
-	Option 1: 4 gNB RF chains in LLS. 



Table A.2  Channel-specific parameters for PUSCH for FR1
	Parameter
	Value

	Frequency hopping 
	w/o frequency hopping

	BLER
	For eMBB, w/o HARQ, 10% iBLER.

	Number of UE transmit chains 
	1

	DMRS configuration 
	For 3km/h: Type I, 2 DMRS symbol, no multiplexing with data.

	Waveform
	DFT-s-OFDM

	SCS
	30kHz

	PUSCH duration	
	14 OS

	HARQ configuration 
	w/o HARQ

	PRBs/TBS/MCS for eMBB
	PRB = 30, MCS index = 4



Table A.3  Additional simulation assumptions to obtain  from SLS.
	
	Parameters
	values

	Interference Modelling
	gNB self-interference - αSI
	(Baseline) Based on 1 dB UL desense

	
	Co-site inter-sector co-channel inter-subband CLI
	Option 4: 100dB (spatial isolation), 10dB digital isolation

	
	BS ICS
	62dB (Upper bound)

	
	UE ICS
	33 dBc 

	
	BS noise figure
	<A, B, C, D> = <-43, -25, 5, 14> (w/o sub-band filter) 

	SBFD subband and slot configuration
	SBFD slot configuration
	Alt 2 (higher priority): Legacy TDD: {DDDSU};  SBFD: {XXXXU}

	
	SBFD Subband configuration
	Option 1 (Baseline): <ND, NU, NG >=<104, 55, 5>

	
	Guard symbols
	1 symbols at the last X slot for Alt 2 {XXXXU}

	
	
	

	UE distribution
	
	UE clustering distribution with M=20, X=2

	BS transmit power & antenna configuration
	BS transmit power for legacy TDD
	49 dBm for 100MHz

	
	BS transmit power for SBFD
	(Baseline): Power boosting is not assumed for SBFD symbols compared to DL-only symbols (as in legacy systems)

	
	BS antenna configuration for legacy TDD
	(M,N,P,Mg,Ng;Mp,Np)  = (8,8,2,1,1;2,8) , (dH,dV) = (0.5, 0.8)λ,  +45°/-45° polarization

	
	BS antenna configuration for SBFD
	Twice area&same TxRUs (higher priority): SBFD antenna configuration Option 2 

	
	BS antenna radiation pattern
	(Baseline): Table 9 in Report ITU-R M.2412 

	
	UE antenna configuration
	4Tx/Rx: (M,N,P,Mg,Ng;Mp,Np) = (1,2,2,1,1;1,2), (dH,dV) = (N/A, N/A)λ, 0°,90° polarization

	Traffic Model
	DL/UL traffic assignment for the same UE
	Each UE is either assigned UL traffic or DL traffic. 

	
	DL/UL FTP packet size
	(higher priority): 0.5Mbyte for DL and 0.125 Mbytes for UL

	
	DL/UL traffic load for legacy TDD
	{DL:UL}={Low, Low} / {Medium, Medium} / {High, High}

	Channel model
	gNB-gNB
	(higher priority): Both Large scale fading and small scale fading

	
	UE-UE
	Large scale fading only

	
	UE-UE details
	(baseline): TR 38.901

	Others
	Open loop power control parameters
	P0= -80 dBm, alpha = 0.8 

	
	UE receiver
	(Baseline): MMSE-IRC

	
	Channel estimation
	Ideal 

	
	Transmission scheme
	SU-MIMO for both UL and DL



Annex B: Link budget analysis
Table B.1  Link budget analysis 
	System configuration
	CMCC PUSCH for O2I-UMa-FR1

	Channel for evaluation
	Legacy TDD
	SBFD for Low Load
	SBFD for Medium Load
	SBFD for High Load

	Scenarios and Carrier frequency (GHz)
	4
	4
	4
	4

	BS antenna heights (m)
	25
	25
	25
	25

	UT antenna heights (m)
	1.5
	1.5
	1.5
	1.5

	Cell area reliability (%)
	-
	-
	-
	-

	Lognormal shadow fading std deviation (dB)
	-
	-
	-
	-

	Tx Diversity
	-
	-
	-
	-

	Number of SSB
	-
	-
	-
	-

	Transmitter
	　
	　
	　
	　

	(1) Number of transmit antenna elements
	1
	1
	1
	1

	(2) Number of transmit TxRUs
Note: this row is void (left empty) for uplink
	-
	-
	-
	-

	(2a) Number of transmit chains modelled in LLS
	1
	1
	1
	1

	(3) Total transmit power (dBm) 
Note: total transmit power for system bandwidth 
	23
	23
	23
	23

	(3a) System bandwidth for downlink, or occupied bandwidth for uplink (Hz)
	10800000
	10800000
	10800000
	10800000

	(3b) Power Spectrum Density = (3) - 10 log( (3a) / 1000000 )  (dBm/MHz) 
Note: For FR1 downlink, (3b) should satisfy the following: 
  For 4GHz frequency, 24 and 33
  For 2.6 GHz frequency, 33
  For 700MH and 2GHz frequency, 36
Note: For FR2 downlink, the following should be satisfied:
   40 dBm for 100 MHz Urban scenario,
   23 dBm for 100 MHz Indoor scenario.
Note: no PSD constraint for uplink
	12.67
	12.67
	12.67
	12.67

	(3c) Bandwidth used for the evaluated channel (Hz)
Note: (3c) is identical to the number of PRBs assigned to the channel evaluated.
For uplink, (3a) = (3c)
	10800000
	10800000
	10800000
	10800000

	(3bis) Total transmit power for occupied bandwidth    =  (3b) + 10 log ( (3c) / 1000000 ) (dBm)
	23
	23
	23
	23

	(4) Total antenna gain at antenna gain component 3 & antenna gain component 4 of transmitter = (4a) – (4b)  (dB)
	0.00
	0.00
	0.00
	0.00

	(4a) Antenna gain at antenna gain component 3 & antenna gain component 4 of transmitter
=   (4c) + 10 log ( (1) / (2) ) (dB)  for downlink, and
=   (4c) + 10 log ( (1) / (2a) ) (dB)   for uplink
	0.00
	0.00
	0.00
	0.00

	(4b) Antenna gain correction factor at antenna gain component 3 & antenna gain component 4 of transmitter (dB)
	0
	0
	0
	0

	(4c) Gain of antenna element (dBi) 
	0
	0
	0
	0

	(5) Total antenna gain at antenna gain component 2  of transmitter = (5a) - (5b)  (dB)
Note: zero for uplink
	0
	0
	0
	0

	(5a) Antenna gain at antenna gain component 2 of transmitter = 10 log( (2)/(2a)) (dB)
Note: zero for uplink
	0
	0
	0
	0

	(5b) Antenna gain correction factor at antenna gain component 2 of transmitter (dB)
Note: zero for uplink
	0
	0
	0
	0

	(8) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for downlink)
	1
	1
	1
	1

	(9) EIRP = (3bis) + (4) + (5) – (8) dBm
	22.00 
	22.00 
	22.00 
	22.00 

	Receiver
	　
	　
	　
	　

	(10) Number of receive antenna elements
	192
	192
	192
	192

	(10a) Number of receive TxRUs
Note: this row is void (empty) for downlink
	64
	64
	64
	64

	(10b) Number of receive chains modelled in LLS
	4
	4
	4
	4

	(11) Total antenna gain at antenna gain component 3 & antenna gain component 4 of receiver = (11a) - (11b)  (dB) 
	12.77 
	12.77 
	12.77 
	12.77 

	(11a) Antenna gain at antenna gain component 3 & antenna gain component 4 of receiver
=  (11c) + 10 log (  (10)/(10a) )     (dB) for uplink
 =  (11c) + 10 log (  (10)/(10b) )    (dB) for downlink
	12.77
	12.77
	12.77
	12.77

	(11b) Antenna gain correction factor at antenna gain component 3 & antenna gain component 4 of receiver (dB)
	0
	0
	0
	0

	(11c) Gain of antenna element (dBi)
	8
	8
	8
	8

	(11bis) Total antenna gain at antenna gain component 2 of receiver = (11bis-a) - (11bis-b) (dB)
Note: zero for downlink
	12.04
	12.04
	12.04
	12.04

	(11bis-a) Antenna gain at antenna gain component 2 of receiver = 10 log( (10a)/(10b)) (dB)
Note: zero for downlink
	12.04
	12.04
	12.04
	12.04

	(11bis-b) Antenna gain correction factor at antenna gain component 2 of receiver (dB)
Note: zero for downlink
	0
	0
	0
	0

	(12) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for uplink)
	3
	3
	3
	3

	(13) Receiver noise figure (dB)
	5
	5
	5
	5

	(14) Thermal noise density (dBm/Hz)
	-174
	-174
	-174
	-174

	(15) Receiver interference density (dBm/Hz) 
	-1E+99
	-1E+99
	-1E+99
	-1E+99

	(16) Total noise plus interference density        = 10 log (10^(( (13) + (14))/10) + 10^((15)/10))    (dBm/Hz)
	-169
	-169
	-169
	-169

	(18) Effective noise power = (16) + 10 log ((3c))   (dBm)
	-98.67
	-98.67
	-98.67
	-98.67

	(19) Required SNR (dB)
	-5.46
	-11.16
	-11.06
	-10.89

	(20) Receiver implementation margin (dB)
	2
	2
	2
	2

	(21) H-ARQ gain (dB)
Note: Only applicable if HARQ is not considered in LLS
	0.5
	0.5
	0.5
	0.5

	(22) Receiver sensitivity = (18) + (19) + (20) – (21)  (dBm)
	-102.6 
	-108.3 
	-108.2 
	-108.1 

	(22bis) MCL = (3bis) – (22) + (5) + (11bis)   (dB)
	125.6 
	131.3 
	131.2 
	131.1 

	(23) Hardware link budget, a.k.a. MIL  = (9) + (11) + (11bis) - (12) - (22)   (dB)
Note: MIL can also be derived by (22bis) + (4) – (8) + (11) - (12)
	134.4 
	140.1 
	140.0 
	139.8 

	Calculation of available pathloss
	　
	　
	　
	　

	(25) Shadow fading margin  (function of the cell area reliability and lognormal shadow fading std deviation) (dB)
	4.48
	4.48
	4.48
	4.48

	(26) BS selection/macro-diversity gain (dB)
	0
	0
	0
	0

	(27) Penetration margin (dB)
	26.3
	26.3
	26.3
	26.3

	(28) Other gains (dB) (if any please specify)
	0
	0
	0
	0

	(29) MPL: Available path loss = (23) – (25) + (26) – (27) + (28)   (dB)
	103.67 
	109.37 
	109.27 
	109.10 

	Range/coverage efficiency calculation
	　
	　
	　
	　

	(30) Maximum range (based on (29) and according to the system configuration section of the link budget) (m)
	99.5
	139.2
	138.3
	137.0
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