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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction 
This contribution presents some preliminary system level simulation results comparing the performance in using SBFD over legacy TDD in an indoor office environment.  The simulation assumptions follow those agreed in RAN1#109e [1] and RAN1#110 [2].  

2. Simulation Assumptions
The general simulation assumptions used for the system level simulations to compare SBFD against legacy TDD are summarized in

Table 1: General simulation assumptions
	Parameters
	Legacy TDD (Baseline)
	SBFD

	Deployment
	Single operator with single carrier.  All cells use a fixed slot format & frame structure.

	Scenario
	Indoor office (as defined in 38.901)

	Frequency
	4GHz (FR1)

	Frame structure
	{DDDSU}
S=[12D:2G:0U]
	Frame Structure #2 = {XXXXU}
X = {DUD} SBFD Slot 

	Bandwidth
	100 MHz
273 RBs @ 30 kHz SCS
	100 MHz
273 RBs @ 30 kHz SCS
{DUD} = {104: 53: 104} 
Guard subbands = 6 RB

[image: ]


	Traffic
	FTP3
Each UE is either assigned UL traffic or DL traffic (Option 1)
Symmetric UL/DL packet size (Option 1) = 0.5 Mbytes
Packet arrival rates:
· lD= 2.5, lU= 1.25
· lD= 2.5, lU= 0.8

	Modulation
	Up to 64 QAM

	Max HARQ ReTx
	4

	Receiver
	MMSE-IRC

	BS Tx power
	24 dBm per 20 MHz for 4GHz
Note: For system BW larger than above, Tx power scales up accordingly factor.

	BS antenna configurations (FR1 Indoor Office)
	(M, N, P, Mg, Ng; Mp, Np) = (4,4,2,1,1; 4,4) 
(dH, dV) = (0.5, 0.5)λ, +45°/-45° polarization
	SBFD antenna configuration option-1 (Method 1)
· Two panel groups
· For each panel group: (M, N, P, Mg, Ng) = (2, 4, 2, 1, 1)
· Number of TxRUs: same as legacy TDD
· (dH, dV) = (0.5, 0.5)λ,  +45°/-45° polarization, (da,H, da,V) = (0, 4)λ

	BS antenna panels
	Legacy TDD
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	SBFD Option 2: Method 2-1
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	BS Rx noise figure
	5 dB

	UE Tx Power
	23 dBm

	UE Antenna Configuration
	2Tx/2Rx, (M, N, P, Mg, Ng; Mp, Np) = (1,1,2,1,1;1,2)
(dH, dV) = (0.5, N/A)λ

	UE Rx noise figure
	9 dB




The Indoor Office parameters used for legacy TDD and SBFD simulations are summarized in Table 2.

[bookmark: _Ref115262679]Table 2: Indoor office parameters
	Parameters
	Values

	Channel model
	InH (38.901) 

	UE Distribution
	100% indoor

	Layout
	120×50m

	Number of BS
	12

	Inter-BS (2D) distance
	20 m

	Minimum BS-UE 2D distance
	0 m (TR38.802)

	Minimum UE-UE 2D distance
	1 m (TR38.828)
NOTE: This was FFS in RAN1#110 agreement

	BS antenna height
	3 m

	UE numbers per BS
	4




2.1 Inter Subband Interference
RAN1 has sent an LS to RAN4 asking for recommendations on inter subband interference models [3], notably on the interference experience at RB n in a subband due to transmission in RB m in another subband.  Since the response from RAN4 is still pending, in this simulation, we used a simplistic model where the transmission power in RB m to RB m+k, is attenuated by X dB in RB m+k+1 to RB m+2k and RB m-k to RB m-1.  Any RBs further from m-k and m+2k experiences no interference.  That is, the attenuation to the adjacent set of RBs is X dB as shown in Figure 1.  NOTE: The attenuation X excludes any further isolation such as spatial isolation between Tx and Rx panels in the gNB or radio propagation loss.  The attenuation values used for X follows the ACIR values in 38.828 and are summarized in Table 3.
[image: ]
[bookmark: _Ref115268370]Figure 1: Power attenuation into adjacnet set of RBs

[bookmark: _Ref115268920]Table 3: Attenuation X to adjacnet set of RBs
	Transmitter
	Receiver
	Attenuation (X)

	BS
	BS
	43 dB

	BS
	UE
	33 dB

	UE
	BS
	30 dB

	UE
	UE
	28 dB



For gNB, i.e. BS, self interference, i.e. inter subband interference from DL transmission to its UL transmission, we assumed a spatial isolation of 80 dB between Tx and Rx panels [4].  An example is shown in Figure 2, where a gNB is configured with {DU} SBFD operation.  The DL subband starts from RB 0 to RB N whilst the UL subband starts from RB N+1 to RB N+J.  The gNB makes a DL transmission in RB m to RB m+K at Y dBm/Hz and using the simplified model, RBs N to RB m+2K experiences interference of Y-X-80 = Y-123 dBm/Hz, where X=43 dB from Table 3 and 80 dB is the spatial isolation between Tx and Rx panels.
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[bookmark: _Ref115270703]Figure 2: gNB self inter subband interference


3. System Level Simulation Results
The Mean, 5%, 50% and 95% User Perceived Throughput (UPT) for baseline TDD and SBFD with packet arrival rate lD= 2.5, lU= 1.25, in the DL and UL are plotted in Figure 3 and Figure 4 respectively.
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[bookmark: _Ref115278333]Figure 3: DL UPT for lD= 2.5, lU= 1.25
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[bookmark: _Ref115278338]Figure 4: UL UPT for lD= 2.5, lU= 1.25

The Mean, 5%, 50% and 95% User Perceived Throughput (UPT) for baseline TDD and SBFD with packet arrival rate lD= 2.5, lU= 0.8, in the DL and UL are plotted in Figure 5 and Figure 6 respectively.
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[bookmark: _Ref115465766][bookmark: _Hlk115278713]Figure 5: DL UPT for lD= 2.5, lU= 0.8
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[bookmark: _Ref115465776]Figure 6: UL UPT for lD= 2.5, lU= 0.8

The gain in UPT using SBFD against the baseline TDD for both sets of packet arrival rates are summarized in Table 4 and Table 5 for DL and UL respectively.  Since the DL frequency resources are reduced by 23.8% in SBFD compared to the baseline TDD, we observed major losses in DL UPT of about 32%.  However, in the UL, the UPT using SBFD provides significant gain especially for the case with higher UL traffic load (lU= 1.25).  The gain is most significant at the 5% UPT, where in the higher UL traffic load case (lU= 1.25), the baseline TDD struggles to serve the cell edge UEs giving only 3 Mbps.

[bookmark: _Ref115279051]Table 4: DL UPT Gain/Loss
	Packet Arrival Rate
	DL UPT Gain/Loss (%)

	
	Mean
	5%
	50%
	95%

	lD= 2.5, lU= 1.25
	-32%
	-20%
	-39%
	-36%

	lD= 2.5, lU= 0.8
	-32%
	-20%
	-39%
	-36%



[bookmark: _Ref115279056]Table 5: UL UPT Gain/Loss
	Packet Arrival Rate
	UL UPT Gain/Loss (%)

	
	Mean
	5%
	50%
	95%

	lD= 2.5, lU= 1.25
	350%
	2031%
	323%
	108%

	lD= 2.5, lU= 0.8
	84%
	231%
	79%
	30%




The Type 1 Resource Utilization (RU) is defined as the number of RBs per cell used by traffic for the given link direction during observation time / Total number of all the RBs per cell including DL, UL and guard bands over observation time [2].  The Type 1 RUs observed are summarized in Table 6.  For the DL, due to reduced DL resources, the RU increases in SBFD as expected.  In the UL, the RU reduces in SBFD due to increase in UL resources.

[bookmark: _Ref115280172]Table 6: Type 1 Resource Utilisation
	Scenario
	lD= 2.5, lU= 1.25
	lD= 2.5, lU= 0.8

	
	DL RU (%)
	UL RU (%)
	DL RU (%)
	UL RU (%)

	Baseline TDD
	4.86%
	50.55%
	4.86%
	10.41%

	SBFD
	7.24%
	11.46%
	7.24%
	5.68%



The major loss in DL UPT can be reduced if the resources in the DL subbands are increased.  That is, the SBFD configuration of the frequency locations would need to be adjusted to the expected traffic load.  Since the traffic load may change, a semi-statically configured SBFD locations may not be able to adapt to these changes and may led to loss in DL or UL UPT.  Hence, to better adapt to the traffic load, the SI should consider dynamic SBFD configurations.

Observation 1: In the system level simulation, SBFD provides significant UL User Perceived Throughput gain compared to baseline TDD with mean gain of up to 350% gain at the expense of noticeable DL UPT loss with a mean loss of 32%.

Observation 2: The DL subband resource may be under configured for the traffic load, thereby leading to major losses in UPT.

Proposal 1: Consider dynamic configurations of SBFD frequency and time locations to adapt to changing traffic loads.


4. Conclusion
In this contribution, we provided some preliminary system level simulation results for SBFD.  We observed the following:
Observation 1: In the system level simulation, SBFD provides significant UL User Perceived Throughput gain compared to baseline TDD with mean gain of up to 350% gain at the expense of noticeable DL UPT loss with a mean loss of 32%.

Observation 2: The DL subband resource may be under configured for the traffic load, thereby leading to major losses in UPT.

We therefore propose the following:
Proposal 1: Consider dynamic configurations of SBFD frequency and time locations to adapt to changing traffic loads.
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