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1. [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
A new study item (SI) on “Study on evolution of NR duplex operation” was approved in RAN#94-e [1]. According to the objectives of this SI, simulation based evaluation for SBFD (LLS and SLS) is to be performed. This contribution provides the simulation based analysis for coverage performance using TDD and SBFD.
2. LLS for evaluation of coverage performance
In RAN1 #112bis-e meeting [2], the following agreement was made on link level evaluation of coverage performance,
	Agreement
For link level evaluation of coverage performance, MPL, MCL and MIL as defined in TR38.830 are used as the performance metrics. 



This section provides the LLS results for PUSCH coverage performance (FR1-Urban Macro) in TDD and SBFD scenarios and the corresponding values of MPL, MCL and MIL. In case of TDD, the PUSCH TB is transmitted in the last UL slot of the DDDSU format for a target data rate of 1Mbps. In case of SBFD, the PUSCH TB is repeated over 5 slots (PUSCH repetition type A) of the XXXXU format occupying 30PRBs in each slot and for a target data rate of 1Mbps. No HARQ is considered. Further, the interference values for the TDD UL slots and SBFD slots are calculated which are used in the LLS. The BLER vs SNR is plotted for both the cases to find out the required SNR for a target BLER of 10%. Finally, the values of MPL, MCL and MIL are calculated using the required SNR value and link budget template from  Table A.3 in TR 38.830.
 The detailed procedure for the LLS is described below. 
1. Basic simulation assumptions for the LLS are provided in the Appendix at the end of this contribution.
2. Option-1 from the following agreement is followed for the LLS coverage evaluation. Option-1 in the agreement made in RAN1 #112bis-e meeting [2] is given below.
	Agreement
LLS for other purpose besides coverage performance evaluation is left up to companies’ interests.
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 [image: ] is generated, where [image: ]
· [image: ] is UE-gNB interference and [image: ] is noise (in linear scale).
· For SBFD slot, additive white Gaussian noise with variance of [image: ] is generated, where [image: ]
· [image: ], [image: ], [image: ], [image: ] 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 [image: ] and [image: ]. Some examples are as below:
· Example-1: [image: ] and [image: ] are derived based on a certain assumption of the topology of gNBs and UEs ([image: ] is derived based on 1dB desense and [image: ]  is derived based on [image: ] as agreed in last meeting). In this example, the interference is pre-receiver interference.
· Note: link budget analysis can be applied in this example
· Example-2: [image: ] is derived based on statistic in SLS, and then [image: ] 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: [image: ] and [image: ] 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 [image: ] and [image: ].
· 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 [image: ], perform LLS to get the required SNR ([image: ]) 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 [image: ] and the SNR in SBFD slot is [image: ]. Perform LLS to get the required SNR ([image: ]) 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 ([image: ]) obtained in Step 1 is used to calculate MPL, MCL, MIL.
· For SBFD, the required SNR ([image: ]) obtained in Step 2 is used to calculate MPL, MCL, MIL.



3. Calculation of [image: ] : Self interference (SI) is added according to the agreement in RAN1 #112 [3].
	Agreement
For link level evaluation of coverage performance for SBFD, the following interference components are added per each receive chain to the UL channel at SBFD symbols:
· Self-interference, modelled as additive white gaussian noise with fixed INR = - 6 dB targeting 1 dB desense similar to SLS.
· Co-site inter-sector interference, modelled as additive white gaussian noise with fixed INR = - X dB based on assumption of co-site isolation 
· Inter-site gNB-gNB co-channel inter-subband CLI, 
· Alt-1: the value of interference power is selected according to the INR distribution drawn based on the statistics from SLS.
· Alt-2: the value of interference power is determined based on the inter-site gNB-gNB co-channel inter-subband CLI model agreed for SLS taking into account the locations of victim gNB and several aggressor gNBs, and the gNB-gNB channel model
· FFS: Receiver blocking model




3. Calculation of [image: ] : Co-site inter-sector interference is modelled as additive white gaussian noise (AWGN) with fixed INR = - 5.44 dB. This value is directly taken from [4].

4. Calculation of [image: ] : Inter-site gNB-gNB co-channel inter-subband CLI is modelled as AWGN with INR = 10.65 dB. This value is obtained from the inter-site gNB-gNB co-channel inter-subband CLI model agreed for SLS taking into account the locations of victim gNB and several aggressor gNBs, and the gNB-gNB channel model. From the coupling losses between gNBs in SLS, it is observed that a gNB is mostly affected by 2 strongest aggressors. For each gNB, the total coupling loss from all the aggressors is calculated. The total interference is calculated considering the total observed coupling loss from SLS and assumptions provided in Table 1.
	
5. Calculation of [image: ]: UE-gNB interference is also modelled as AWGN with INR = 37.76 dB. For each receiver gNB, the coupling losses for the interfering UEs are observed from the SLS. Each UE is considered to be transmitting at 23dBm. The total UE-gNB interference is calculated considering the total observed coupling loss from SLS and transmit power of 23dBm.

6. The values of INR for various interference types are provided in Table 1. Receiver blocking model is not considered.

Table 1: Various INRs used in LLS
	Type of Interference
	INR in dB
	Assumptions

	Self interference (SI)
	-6
	Fixed value according to agreement

	Co-site inter-sector 
	-5.44
	Taken from [4]

	Inter-site gNB-gNB
	10.65
	BS Tx Power over 80MHz = 48.03dBm
Frequency isolation = 42.46dB

	UE-gNB 
	37.76
	UE Tx power = 23dBm



7. The BLER vs SNR is plotted for TDD and SBFD systems. It is observed that the required SNR for TDD system is 1dB approx. and for SBFD system is -3.8dB approx. The observed gain is around 4.8dB from the repetition of PUSCH over the 5 slots. Fig. 1 shows the plots.
 [image: ]
Fig. 1: BLER vs SNR (dB) plot

8. The MCL, MIL and MPL values are calculated for TDD and SBFD systems and captured in table 2. 
Observation 1: 
LLS to evaluate coverage enhancements for PUSCH repetition type A in FR1  has been conducted for TDD and SBFD  and the results are captured in the table below.
Table: 2 LLS results
	PUSCH-FR1-Urban Macro

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

	CEWiT
	TDD
	1 dB
	129.25
	139.02
	108.29
	Evaluation method: Option-1 (Example-1)
- INR of co-site inter-sector interference (dB): -5.44
- total INR of all inter-site gNB-gNB CLI (dB): 10.65
- total INR of all UE-gNB CLI (dB): 37.76
Others: 30RB, Repetition=5 

	
	SBFD
	-3.8 dB
	134.05
	143.82
	113.09
	

	
	Gain
	4.8dB
	



A gain of around 4.8dB is observed.

3. Conclusion
In this contribution, the following observation is made: 
Observation 1: 
LLS to evaluate coverage enhancements for PUSCH repetition type A in FR1  has been conducted for TDD and SBFD  and the results are captured in the table below.
Table: 2 LLS results
	PUSCH-FR1-Urban Macro

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

	CEWiT
	TDD
	1 dB
	129.25
	139.02
	108.29
	Evaluation method: Option-1 (Example-1)
- INR of co-site inter-sector interference (dB): -5.44
- total INR of all inter-site gNB-gNB CLI (dB): 10.65
- total INR of all UE-gNB CLI (dB): 37.76
Others: 30RB, Repetition=5 

	
	SBFD
	-3.8 dB
	134.05
	143.82
	113.09
	

	
	Gain
	4.8dB
	


A gain of around 4.8dB is observed.
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5. Appendix
The following agreement was made in RAN1 #112bis-e meeting [2]. The parameters for the LLS are considered based on this.
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>

	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, CDL-C
Note: Company can provide simulation results based on either TDL channel or CDL model 
Note: Companies can report gNB-gNB channel model if modelled in LLS.

	Delay spread
	300ns
Note: Other values can be reported by companies.

	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)
· (optional) 128 antenna elements 
· (M,N,P,Mg,Ng) = (8,8,2,1,1)
· Note: it is the same for both SBFD and non-SBFD slots
Note: Companies to report the details if other antenna configurations are used.

	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
Note: Companies to report the details if other antenna configurations are used.

gNB modelling in LLS for TDL:
-	Option 1: 2 or 4 gNB RF chains in LLS. 
-	Option 2 (Optional): Number of gNB RF chains = number of TXRUs in LLS. 
-	Companies can report if and how correlation is modelled.


Table X-2: Channel-specific parameters for PUSCH for FR1
	Parameter
	Value

	Frequency hopping 
	w/ or w/o frequency hopping

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

	Number of UE transmit chains 
	1, 2 (optional) 

	DMRS configuration 
	For 3km/h: Type I, 1 or 2 DMRS symbol, no multiplexing with data.
For frequency hopping: Type I, 1 or 2 DMRS symbol for each hop, no multiplexing with data.
PUSCH mapping Type, the number of DMRS symbols and DMRS position(s) are reported by companies.

	Waveform
	DFT-s-OFDM

	SCS
	30kHz

	PUSCH duration	
	14 OS

	HARQ configuration 
	For eMBB, whether HARQ is adopted is reported by companies. 
The maximum number of HARQ transmission (limited by frame structure and latency requirements) can be reported by companies.

	PRBs/TBS/MCS for eMBB
	Any value of PRBs, and corresponding MCS index, reported by companies will be considered in the discussion. Companies are encouraged to use 30 PRBs for 1Mbps as a starting point.
TBS can be calculated based on e.g. the number of PRBs, target data rate, frame structure and overhead.
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