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Introduction
	In RAN1#109e following agreements were reached for evaluation on NR duplex evolution.  
Agreement
For discussion purpose for evaluation, define the following deployment cases for SBFD:
· Deployment Case 1 (Non-coexistence case with single SBFD subband configuration): One single operator using one single carrier is considered. All the cells belonging to the operator use SBFD operation with the same SBFD subband configuration.
· Deployment Case 2 (Non-coexistence case with multiple SBFD subband configurations): One single operator using one single carrier is considered. All the cells belonging to the operator use SBFD operation, but different cells may use different SBFD subband configurations.
· Deployment Case 3 (Co-channel co-existence case): One single operator using one single carrier is considered. Among the cells belonging to the operator, some of them use legacy TDD operation (static TDD operation) while the others use SBFD operation with the same SBFD subband configuration.
· Deployment Case 3-1: Only 1-layer is considered 
· Deployment Case 3-2: 2-layer is considered
· Deployment Case 4 (Adjacent-channel co-existence case): Two operators each using one carrier are considered and the two carriers are adjacent carriers. One operator uses legacy TDD operation (static TDD operation) while the other operator uses SBFD operation with the same SBFD subband configuration.
Note: This definition has no intention to preclude any potential solutions for SBFD in AI9.3.2
Note: SBFD subband configuration is from gNB perspective.
Agreement
For discussion for duplex evolution study (all agenda items), consider the following as RAN1’s common understanding:
· Co-channel interference: The interference is from the aggressor to the victim in the same carrier.
· Co-channel intra-subband interference: The interference is caused by transmission of the aggressor on a set of contiguous RBs in a carrier to reception of the victim on the same set of contiguous RBs in the same carrier.
· Co-channel inter-subband interference: The interference is caused by transmission of the aggressor in a first set of contiguous RBs in a carrier to reception of the victim in a second set of contiguous RBs in the same carrier, where the two contiguous RB sets are non-overlapping in frequency.
· Adjacent channel interference: The interference is from the aggressor in carrier#1 to the victim in carrier#2, where the carrier#1 and carrier#2 are adjacent carriers.
Note 1: ‘Co-channel’ here means ‘co-carrier’. ‘Adjacent-channel’ here means ‘adjacent-carrier’.

In RAN1#110 following agreements were made regarding the simulation scenarios
Agreement
For latency related performance metric for FTP model 3 in SLS, option 1 is baseline, it is up to companies to report the latency with option 2.
· Packet latency: defined as the time which starts when the packet is received in the transmit buffer and ends when the last bit of the packet is correctly delivered to the receiver.
· (baseline) Option 1: Calculate the latency for each packet for each UE, and then generate CDF of latency for all these packets from all the UEs.
· Packet-Latency CDF: The CDF of the packet latencies of all the packets from all the UEs.
· Mean/5%/50%/95% Packet-Latency: The mean/5%/50%/95% value of Packet-Latency of all the packets from all the UEs.
· (optional) Option 2: Calculate the latency for each packet for each UE, and then calculate the average latency for each UE, then generate the CDF for these average latency for each UE
· UE-Average-Latency: defined as the average packet latency for a UE
· UE-Average-Latency CDF: The CDF of the UE-Average-Latency for all users.
· Mean/5%/50%/95% UE-Average-Latency: The mean/5%/50%/95% value of UE-Average-Latency for all users.
· Note: HARQ re-transmission should be considered for latency evaluation.
· Unfinished/dropped FTP packets are not incorporated in the packet latency calculation.
· Unfinished/dropped Packet Rate is defined as the number of the unfinished packets for all users divided by the total number of generated packets for all users
· To be reported as part of the system level simulation results

Agreement
For UPT (user perceived throughput) related performance metrics for FTP model 3 in SLS, adopt the following option.
· Option 1: UPT is defined as the size of an FTP packet divided by the time which starts when the packet is received in the transmit buffer and ends when the last bit of the packet is correctly delivered to the receiver [Refer to TR36.814].
· Unfinished FTP packets should be incorporated in the UPT calculation. The number of served bits (possibly zero) of an unfinished FTP packet by the end of the simulation is divided by the served time (simulation end time – file arrival time) [Refer to TR36.889].
· Consider zero bit for dropped FTP packets.
· Average-UPT of a user: defined as the average from all UPTs for all FTP packets intended for this user [Refer to TR36.814].
· Tail-UPT of a user: defined as the worst 5% UPT among all FTP packets intended for this user [Refer to TR36.814].
· Median-UPT of a user: defined as the 50% UPT among all FTP packets intended for this user.
· Average-UPT CDF: The CDF of the Average-UPTs for all users.
· Tail-UPT CDF: The CDF of the Tail-UPTs for all users.
· Median-UPT CDF: The CDF of the Median-UPTs for all users.
· Mean/5%/50%/95% Average-UPT: The mean/5%/50%/95% value of Average-UPTs for all users.
· Mean/5%/50%/95% Tail-UPT: The mean/5%/50%/95% value of Tail-UPTs for all users.
· Mean/5%/50%/95% Median-UPT: The mean/5%/50%/95% value of Median-UPTs for all users.

Agreement
For evaluation of SBFD and dynamic/flexible TDD, adopt the following evaluation assumptions.
	
	FR1
	FR2-1

	System bandwidth
	100MHz
	100MHz

	Numerology
	14 OFDM symbol slot
SCS = 30kHz
	14 OFDM symbol slot
SCS = 120kHz

	UE Tx power
	23dBm
	23 dBm. EIRP should not exceed 43 dBm
[refer to TR 38.802 Table A.2.1-1]

	Open loop power control parameters
	Companies to report power control parameters.
For calibration:
· P0= -60 dBm, alpha = 0.6 for InH [refer to TR 37.910, evaluation assumption in B.4.1_eMBB_SE.zip]
· P0= -86 dBm, alpha = 0.9 for Dense Urban [refer to TR 37.910, evaluation assumption in B.4.1_eMBB_SE.zip]
· P0= -80 dBm, alpha = 0.8 for Urban Macro

	BS receiver noise figure
	5dB 
[refer to TR 38.802 Table A.2.1-1]
	7dB 
[refer to TR 38.802 Table A.2.1-1]

	UE receiver noise figure
	9 dB 
[refer to TR 38.802 Table A.2.1-1]
	13 dB (baseline), 10 dB (optional) 
[refer to TR 38.802 Table A.2.1-1]

	UE receiver
	MMSE-IRC as the baseline receiver. 
Note: Advanced receiver is not precluded.
[refer to TR 38.802 Table A.2.1-1]

	Feedback assumption
	Realistic [refer to TR 38.802 Table A.2.1-1]

	Channel estimation
	Companies to report the option used.
Option 1: Ideal
Option 2: Realistic [refer to TR 38.802 Table A.2.1-1]

	UE processing capability
	UE processing capability 1 as baseline
	UE processing capability 1 as baseline

	Handover margin
	3 dB [refer to TR 38.828 Table 5.2.1.4-1]

	UE attachment
	Based on RSRP from port 0 
[refer to TR 37.910, evaluation assumption in B.4.1_eMBB_SE.zip]
	Based on RSRP from port 0. The UE panel with the best receive SNR is chosen. i.e. no combining is done between panels. 
[refer to TR 37.910, evaluation assumption in B.4.1_eMBB_SE.zip]

	Polarized antenna model
	Model-1 in clause 7.3.2 in TR 38.901

	DL/UL Modulation
	Up to 256QAM

	Transmission scheme
	Companies to report transmission schemes (e.g., SU-MIMO, MU-MIMO, maximum layers for SU-MIMO/MU-MIMO, etc) 
For calibration, consider SU-MIMO with single layer for both DL and UL 

	Scheduling
	PF

	Overhead
	Companies to report the overhead assumption



Agreement
For SBFD evaluation from RAN1 perspective, the evaluation assumptions that are specific for Deployment Case 2 and Case 3-1 can be discussed with low priority.

Agreement
RAN1 strives to agree on system level simulation parameters for SBFD deployment case 4 by RAN1#110bis-e with specific focus on different power levels and load levels between two operators in adjacent carriers.

Agreement
For evaluation and comparison between SBFD and legacy TDD, the two options for the SBFD antenna configuration agreed in RAN1#109 are further clarified as below:
· SBFD antenna configuration option-1 (same as Opt 1 in RAN1#109 agreement): The total number of antenna elements of the antenna array for SBFD is the same as the total number of antenna elements of the antenna array for legacy TDD. The total number of TxRUs of the antenna array for SBFD is the same as the total number of TxRUs of the antenna array for legacy TDD.
· SBFD antenna configuration option-2 (same as Opt 2 in RAN1#109 agreement): The total number of antenna elements of the antenna array for SBFD is two times of the total number of antenna elements of the antenna array for legacy TDD. The total number of TxRUs of the antenna array for SBFD is the same as the total number of TxRUs of the antenna array for legacy TDD.
· SBFD antenna configuration option-3 (new): The total number of antenna elements of the antenna array for SBFD is the same as the total number of antenna elements of the antenna array for legacy TDD. The total number of TxRUs of the antenna array for SBFD is half of the total number of TxRUs of the antenna array for legacy TDD.
These options are further clarified with examples in the following:
· For legacy TDD with shared-Tx/Rx antenna array, assume the antenna configuration is . The total number of TxRUs is  , and the total number of antenna elements is .
Agreement
For evaluation of adjacent-channel coexistence between two networks for Urban Macro and Dense Urban Macro layer scenarios in RAN1, consider grid shifts between two networks of 0% and 100%.
· the topologies shown below can be used for the 0% and 100% grid shift for RAN1 evaluation.




Agreement
For evaluation of SBFD operation, it is up to companies to report the BS antenna configurations used in their simulations. The BS antenna configurations in the following table can be considered for calibration purpose.
	Scenarios
	FR
	Legacy TDD
	SBFD

	BS antenna configuration for Indoor office
	FR1
	= (4,4,2,1,1; 4,4) 
= (0.5, 0.5)λ,  +45°/-45° polarization
	· SBFD antenna configuration option-1 (Method 1)
· Two panel groups
· For each panel group: = (2,4,2,1,1).
· Number of TxRUs: same as legacy TDD
· = (0.5, 0.5)λ,  +45°/-45° polarization, (da,H,da,V) = (0, 4)λ




	
	FR2-1
	=(16,8,2,1,1; 1,1)
= (0.5, 0.5)λ,  +45°/-45° polarization
	· SBFD antenna configuration option-1 (Method 1)
· Two panel groups
· For each panel group: = (8,8,2,1,1).
· Number of TxRUs: same as legacy TDD
· = (0.5, 0.5)λ,  +45°/-45° polarization, (da,H,da,V) = (0, 30)λ


	BS antenna configuration for Urban Macro/ Dense Urban Macro layer/ Dense Urban Micro layer
	FR1
	=
(8,8,2,1,1;2,8) 
 = (0.5, 0.8)λ,  +45°/-45° polarization
	· SBFD antenna configuration option-1 (Method 1)
· Two panel groups
· For each panel group: = (4,8,2,1,1).
· Number of TxRUs: same as legacy TDD
·  = (0.5, 0.8)λ,  +45°/-45° polarization, (da,H,da,V) = (0, 4)λ

	
	FR2-1
	=
(4,16,2,2,2; 1,1)
= (0.5, 0.5)λ, +45°/-45° polarization
	· SBFD antenna configuration option-1 (Method 1)
· Two panel groups
· For each panel group: = (4,8,2,2,2).
· Number of TxRUs: same as legacy TDD
·  = (0.5, 0.5)λ,  +45°/-45° polarization, (da,H,da,V) = (0, 30)λ







In this contribution, we provide our views regarding the agreement reached in RAN1#110 to finalize the system simulation parameter for deployment case 4 with different power and load levels between the adjacent operators for NR Duplex evolution.  
Discussion
2.1 Deployment Scenarios
Figure 1 shows n77 operating band that spans from 3.45 GHz to 4.2 GHz. Band n77 is broken up into three bands: AMBIT band (lower N77) which spans from 3.45 GHz to 3.55 GHz, CBRS band (n48) spanning from 3.55 GHz to 3.7 GHz and C band (upper n77) spanning from 3.7 GHz to 4.2 GHz (in USA limited to 3.98 GHz). The CBRS band employs a multitier shared spectrum access model with the PAL and GAA access being controlled in favor of incumbent access.  

[image: ]
[bookmark: _Ref111185997]Figure 1 Details of n77 spectrum band
There are no guard bands between CBRS and the adjacent bands on both sides.  The transmit power limits of AMBIT and C-band may be 25 dB to 30 dB higher than the transmit power limits in CBRS band. The regulations may be lenient for Out-Of-Band (OOB) emission requirements for devices in e.g., C-band causing Cross Link Interference (CLI) in CBRS band.  Hence, the placement of the CBRS band with no guard band in-between its two adjacent bands may create a challenge as filters might not be able to sufficiently attenuate any strong adjacent channel signals encountered in either network.  This CLI affects the gNBs as well as UEs in the networks operating in CBRS band.

Observation 1: CBRS band may suffer from CLI caused by its neighbor bands as the regulations may allow devices to transmit at higher power in these neighbor bands and there is no guard band separating CBRS from these bands.  This CLI will affect gNBs as well as UEs in the networks operating in CBRS band.

With the above observation if an operator places sub-band full duplex (SBFD) networks in the adjacent band to the legacy TDD networks from another operator then it may cause severe CLI in the legacy TDD networks. For example, if SBFD deployments are allowed to be located at the edge of the C-band then legacy networks in CBRS band may be impacted severely with CLI.  CLI may increase, if the TDD configurations of the SBFD networks is changed dynamically on per slot basis.

Observation 2: The permitted frequency placement of SBFD deployment(s) and the flexibility of dynamically switching TDD configurations within these sub-bands impact the CLI caused to legacy networks.

The effect of SBFD networks on the legacy TDD network should be studied using transmit power differences and regulatory OOB emission requirements between CBRS (n48) band and its neighbor bands (AMBIT and/or C-Band).  This study will be useful to identify the transmit power limits for a SBFD network that will minimize the CLI in the adjacent legacy TDD networks while lowering latency and increasing throughput in uplink for its own network. 

Proposal 1: It is desirable to study the effect of CLI caused by SBFD networks to its adjacent legacy TDD networks using transmit power differences and regulatory OOB emission requirements between CBRS and its adjacent bands (AMBIT and/or C-band) as reference.

2.2 System Level Evaluations
In RAN1#110 an agreement was made “to agree on system level simulation parameters for SBFD deployment case 4 by RAN1#110bis-e with specific focus on different power levels and load levels between two operators in adjacent carriers”.  We propose Table 1 to study the deployment case 4, the parameters in the table are based on the deployed networks in CBRS and C-bands.

[bookmark: _Ref115339716]Table 1 System level simulation parameters for SBFD deployment case 4
	Parameters
	FR1

	 
	Victim cell (Operator 1)
	Aggressor Cell (Operator 2)

	System bandwidth
	40 MHz 

	40 MHz 


	Channel
	Dense Urban Micro (UMi)
	Dense Urban Macro (UMa)

	Duplexing
	Legacy TDD
80/20 – DDDDDDDDU

	SBFD
SBFD config: DL UL DL
e.g. 15 MHz for each DL, 10 MHz for UL
[Non-coordinated, TDD config (80/20 – DDDDUUDDDD)]

	Maximum BS EIRP
	42.5 dBm
	75 dBm

	BS OOB Emission Mask
	Unwanted emission limits for band n48 as specified in tables 6.6.4.2.5.3-1 and 6.6.5.2.3-8 of TS 38.104

	FCC regulations:
-13 dBm/MHz flat outside channel edge


	Maximum UE EIRP
	23 dBm 
	23 dBm

	UE OOB emissions
	Spectral emission requirements for NS_27 as specified in Table 6.5.2.3.8-17 and 6.5.3.3.14-1 of TS 38.101
	Spectral emission requirements for NS_01 in table 6.5.2.2-1 of TS 38.1019

N.B.: NS_01 is the table for 3GPP
But FCC only has flat -13dBm/Hz (less stringent, i.e. is allowed to cause more interference)  

	BS antenna height
	6 m
	25 m 

	BS antenna configuration (M,N,P,Mg,Ng;Mp,Np)
from final chair notes RAN1_110 (section 9.3.1)
	(8,8,2,1,1;2,8) 
(dH, dV)=(0.5, 0.8)λ,  +45°/-45° polarization

	Option-1 (Method 1) for SBFD 
n Two panel groups
n For each panel group: (M,N,P,Mg,Ng)= (4,8,2,1,1).
n Number of TxRUs: same as legacy TDD
 (dH, dV) = (0.5, 0.8)λ,  +45°/-45° polarization, (da,H,da,V) = (0, 4)λ

	Traffic
	Low/medium/high load
	Low/medium/high load

	Layout
	Two layers
Macro layer:
· Baseline: Hexagonal grid with 7 macro sites and 3 sectors per site with wrap around
· Optional: Hexagonal grid with 19 macro sites and 3 sectors per site with wrap around.
Micro layer:
· Baseline: 3 Micro BSs per Macro BS
· Optional: 6, or 9 Micro BSs per Macro BS

	Carrier Frequency difference between Victim and Aggressor cell
	50 MHz (Victim at fc = 3.63 GHz, Aggressor at fc = 3.72 GHz)

	Topology Grid shift
	100% baseline and 0% optional

	Inter BS (2D distance)
From agreements in Chair notes (9.3.1)
	Macro-to-macro: 500m
Minimum Macro-to-micro-center distance: 105m
Minimum Micro-center-to-micro-center distance: 57.9m

	Minimum BS-UE (2D) distance
From agreements in Chair notes (9.3.1)
	Macro to UE: 35 m
Micro to UE: 10 m
[TR 38.802 Table A.2.1-11]

	Minimum UE-UE (2D) distance
From agreements in Chair notes (9.3.1)
	Macro-to-UE: 35m 
Micro-to-UE: 10m 
[TR 38.802 Table A.2.1-11]

	Numerology
	14 OFDM symbol slot
SCS = 30kHz

	BS receiver noise figure
	5dB [refer to TR 38.802 Table A.2.1-1]

	UE receiver noise figure
	9 dB [refer to TR 38.802 Table A.2.1-1]

	Metrics to report
	As per agreements reached in RAN1#110
Packet-Latency CDF for all UEs, unfinished/dropped packet rate for all users, average, median and tail UPTs




Proposal 2: Adopt Table 1 as a reference to finalize the system level simulation parameters to study SBFD deployment case 4.

Conclusion
In this contribution, we discuss need to study NR duplex evolution using practical deployment networks in n48 and its adjacent bands, as n48 is band of interest for a lot of operators.  Following are our observations and proposals:

Observation 1: CBRS band may suffer from CLI caused by its neighbor bands as the regulations may allow devices to transmit at higher power in these neighbor bands and there is no guard band separating CBRS from these bands.  This CLI will affect gNBs as well as UEs in the networks operating in CBRS band.

Observation 2: The permitted frequency placement of SBFD deployment(s) and the flexibility of dynamically switching TDD configurations within these sub-bands impact the CLI caused to legacy networks.

Proposal 1: It is desirable to study the effect of CLI caused by SBFD networks to its adjacent legacy TDD networks using transmit power differences and regulatory OOB emission requirements between CBRS and its adjacent bands (AMBIT and/or C-band) as reference.

Proposal 2: Adopt Table 1 as a reference to finalize the system level simulation parameters to study SBFD deployment case 4.
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