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Introduction
The following agreements were captured in RAN1 Chairman notes in RAN1 #110 meeting for NR duplex evaluation:
	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.
· 


In this contribution, we provide our views on evaluation on NR duplex evolution, including the scenario of NR duplex, evaluation methodology and the evaluation results.
Discussion
Evaluation methodology
The gNB self-interference can be modeled as frequency flat as a simple way in SLS. The gNB antenna architecture will impact the RSI. TX/RX beamforming can also impact the RSI. A value range for RSIC is given in the RAN4 reply LS, which shows the ratio of gNB self-interference cancellation. 
Table 1 value range of RSIC
	Parameter
	FR1(Frequency Range 1)
	FR2(Frequency Range 2)

	Spatial isolation 
	50~80dBc
	80-120 dBc

	Frequency isolation
	45 dBc 
	22.5~30 dBc

	Beam nulling /isolation
	0~40 dBc
	0~40 dBc

	Digital IC 
	0~50 dBc
	0~50 dBc

	Overall RSIC capability 
	95 ~185 dBc
	102.5~ 205 dBc

	NOTE1: Other isolation schemes could be discussed further.
NOTE 2: Both transmitter leakage to the RX sub-band and interference arising from receiver imperfections need to be considered. Receiver imperfections may reduce the RSIC to be lower than the RSIC considering transmitter leakage alone. RAN4 will assess impact of Rx impairments on the RSIC capability. But the RSIC model can potentially be simplified to address impact from both aspects together. 


Proposal 1: gNB antenna architecture, TX/RX beamforming and RSIC need be modeled in SLS at least for gNB self-interference. 
Evaluation results
Tables 2~4 show the evaluation results for SBFD in InH scenario, with evaluation assumptions given in Table A-1. The channel bandwidth is 100MHz (272RBs) and the SBFD UL subband has 56RBs locating at the center of bandwidth. The UE in the cell has both uplink and downlink traffic with packet size 0.5Mbyte. 3 cases are evaluated for different  traffic load levels at low, medium and high. The arrival time for FTP3 is determined with Type-2 RU in legacy TDD (DDDSU) case. The traffic packets generation for legacy TDD case and SBFD cases follow the same random seed for generation of traffic arrival times and the same fixed packet size with the given load condition. 
Table 2 evaluation results for SBFD operations in deployment case-1 with low load
	TDD slot configuration
	Avg. DL Throughput per UE (kbps)
	Avg. UL Throughput per UE (kbps)
	Avg. DL UPT per UE (kbps)
	Avg. UL UPT per UE (kbps)
	Type-2 RU for DL
	Type-2 RU for UL

	DDDSU
	8299.71
	2149.10
	579021.63
	192064.34
	8%
	6%

	XXXXU
	8298.39
	2160.73
	444403.38
	366768.44
	10%
	3%

	XXXXX
	8300.77
	2149.75
	587164.70
	173388.73
	7%
	6%



Table 3 evaluation results for SBFD operations in deployment case-1 with medium load
	TDD slot configuration
	Avg. DL Throughput per UE (kbps)
	Avg. UL Throughput per UE (kbps)
	Avg. DL UPT per UE (kbps)
	Avg. UL UPT per UE (kbps)
	Type-2 RU for DL
	Type-2 RU for UL

	DDDSU
	16210.29
	6031.07
	386478.09
	113561.84
	24%
	27%

	XXXXU
	16208.33
	6058.01
	273775.02
	253597.20
	32%
	13%

	XXXXX
	16212.80
	6029.05
	390793.63
	99356.48
	22%
	29%



Table 4 evaluation results for SBFD operations in deployment case-1 with high load
	TDD slot configuration
	Avg. DL Throughput per UE (kbps)
	Avg. UL Throughput per UE (kbps)
	Avg. DL UPT per UE (kbps)
	Avg. UL UPT per UE (kbps)
	Type-2 RU for DL
	Type-2 RU for UL

	DDDSU
	24044.40
	8101.50
	262240.44
	74058.87
	48%
	50%

	XXXXU
	23949.36
	8132.70
	171480.30
	215463.51
	64%
	20%

	XXXXX
	24046.94
	8099.32
	256060.96
	64124.25
	44%
	53%


Observations from Tables 2~4 include:
· The average DL/UL throughputs for each UE are similar between legacy TDD case and SBFD case, because almost all packets are delivered successfully with sufficient resource under the given low-to-high traffic loads. 
· For XXXXU case, UL subband in each {D,S} slot makes the average UL UPT per UE per packet higher than that in legacy TDD case due to the more frequent availability of UL resources in every slot. On the other hand, the average DL UPT per UE per packet decreases from the one in legacy TDD case due to the reduced amount of available DL resources in SBFD slots.
· For XXXXX case, the total resources for uplink and downlink over 5 slots are similar to those in legacy TDD case (D:U≈4:1). Meanwhile, the available resources for uplink or downlink in a slot are smaller than those peak amounts in legacy TDD UL slot or legacy TDD DL slot. More “X” slots are needed to transmit the FTP packet in uplink. So the UL UPT is smaller than the one in legacy TDD case for all selected traffic loads.

[bookmark: _GoBack][image: ]
Figure 1 Distribution for average packet latency
Figure 1 gives the distribution of average latency per UE. It shows that, when SBFD is applied, 
· The latency for uplink follows XXXXU < DDDSU < XXXXX, where the latency gap between XXXXU and legacy DDDSU is quite large and obvious, while the latency gap between DDDSU and XXXXX is moderately small.
· The latency for downlink follows XXXXX ≈ DDDSU < XXXXU, where the latency gap between XXXXU and legacy DDDSU is obvious.
Figure 2 gives the distribution of average UPT per UE, matching what are given in Figure 1. It shows that, when SBFD is applied,
· The uplink UPT follows XXXXU > DDDSU > XXXXX, where the UPT gap between XXXXU and legacy DDDSU is obvious, while the UPT gap between DDDSU and XXXXX is moderately small.
· The downlink UPT follows XXXXX ≈ DDDSU > XXXXU, where the UPT gap between XXXXU and legacy DDDSU is quite obvious.
[image: ]
Figure 2 Distribution for average UPT
Observation 1: The UL subband over DL symbols would not have big impact to the average throughput per UE.
Observation 2: The comparison between DDDSU and XXXXU shows that the setup of UL subband over DL symbols improves the UL latency and UL UPT obviously.
Observation 3: With the given traffic model (e.g., packet size, packet arrival time, etc), the comparison between DDDSU and XXXXX shows that the setup of gNB-perspective full-duplex in every slot while maintaining the universal D/U resource ratio similar to the legacy TDD does not either improve or degrade UL latency/UPT and DL latency/UPT very much. 
Conclusion
In this contribution, we show our views on evaluation on NR duplex evolution with following proposals:
Proposal 1: gNB antenna architecture, TX/RX beamforming and RSIC need be modeled in SLS at least for gNB self-interference.
Observation 1: The UL subband over DL symbols would not have big impact to the average throughput per UE.
Observation 2: The comparison between DDDSU and XXXXU shows that the setup of UL subband over DL symbols improves the UL latency and UL UPT obviously.
Observation 3: With the given traffic model (e.g., packet size, packet arrival time, etc), the comparison between DDDSU and XXXXX shows that the setup of gNB-perspective full-duplex in every slot while maintaining the universal D/U resource ratio similar to the legacy TDD does not either improve or degrade UL latency/UPT and DL latency/UPT very much. 
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Appendix
Table A-1 simulation parameters for SBFD with InH 
	Parameters
	Value

	Scenario
	InH(2*6 site)

	Inter-BS distance
	20m

	Carrier frequency
	4GHz

	Duplex Mode / Simulation bandwidth
	20MHz

	SCS
	30KHz

	TDD pattern
	DDDSU/XXXXU/XXXXX

	BS Antenna Configuration
	8 TxRU, (M, N, P, Mg, Ng; Mp, Np) = (2,2,2,1,1,2,2)
 (dH, dV) = (0.5λ, 0.5λ)

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

	Transmit Power
	51dBm

	Antenna Height
	3 m for BS and 1.5 m for UE

	Receiver Noise Figure
	5 dB for BS and 9 dB for UE

	UE speed
	3km/h

	Scheduling Algorithm
	SU-MIMO+PF

	Power control for PUSCH
	P0=-60dbm, alpha=0.6
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