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Introduction
The following agreements were captured in RAN1 Chairman notes in RAN1 #109-e meeting for NR duplex evaluation:
	Agreement
Regarding traffic model for SBFD and dynamic/flexible TDD evaluation, at least FTP3 is considered. Performance evaluation comparison between different duplex modes (e.g., legacy static TDD vs. SBFD) should be performed based on the same amount of input traffic.
· FFS: other traffic models, e.g., XR, VoIP
· FFS: Packet size, traffic load, ratio of DL/UL traffic
· FFS: additionally consider different amount of input traffic at least for adjacent-channel coexistence studies
Agreement
For performance evaluation and comparison between baseline legacy TDD operation and SBFD operation under SBFD Deployment Case 1 (Non-coexistence case with single SBFD subband configuration), consider the following alternatives:
· 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.
· Alt 4 (strive for the same UL/DL resource ratio between Legacy TDD and SBFD): 
· Legacy TDD: Static TDD UL/DL configuration with {DDDSU}, where S=[12D:2G:0U]
· SBFD: Frame structure#3 (XXXXX), 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.
· Alt 1 (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#1 (DXXXU), 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.
· Alt 3 (strive for the same UL/DL resource ratio between Legacy TDD and SBFD): 
· Legacy TDD: Static TDD UL/DL configuration with {DDSUU}, 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.
FFS: whether dynamic TDD can optionally be used for legacy TDD for comparison.

Agreement
For gNB-gNB co-channel/adjacent-channel channel model and UE-UE co-channel/adjacent-channel channel model in RAN1 SLS,
· Large scale fading (e.g., path loss, penetration loss, shadowing) should be modelled, and companies report whether small scale fading (e.g., fast fading including antenna gain) is also modelled in their simulation.
· Note: Antenna gain is calculated based on the gNB-gNB or UE-UE LOS direction instead on the multi-path directions if fast fading is not modeled.
· FFS: how to model realistic LOS probability for gNB-gNB and UE-UE channel model.
· FFS: How to set aligned channel model amongst companies for SLS calibration (if needed).

Agreement
For gNB-gNB channel model, reuse gNB-to-UE channel model in TR 38.901 with necessary modification
· Replacing the UE’s antenna height with gNB’s antenna height, updating the angular spread
· FFS: whether/how to update LOS probability.
· FFS: Other details and necessary modifications



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
Scenario
In TDD, the time domain resource is split between downlink and uplink in time domain. A limited time duration for the uplink in TDD would result in reduced coverage, increased latency and reduced capacity. One improvement is to allow the simultaneous existence of downlink and uplink, a.k.a. full duplex, or more specifically, subband non-overlapping full duplex at the gNB side within a conventional TDD band. 
In TDD network, macro and small cells are deployed simultaneously to satisfy different requirements and, most-likely, different downlink/uplink traffic ratios. Macro cells are deployed to ensure full coverage and most user’s connection. Small cells are deployed to improve data throughput or indoor coverage. In macro cells, enormous user number leads to relatively stable uplink and downlink traffic distribution. In small cells, small number of users leads dynamic uplink and downlink traffic distribution and, in some cases, e.g. factory, uplink traffic is heavier and, in some cases, e.g. home, downlink traffic is heavier. So macro and small cells may need different uplink and downlink resource allocations. From perspective of low latency and uplink coverage, subband non-overlapping full duplex at the gNB side are helpful. For macro cell, semi-static use of subband may be sufficient for relatively stable traffic; for small cell, dynamic use of subband can be more suitable for dynamic uplink-downlink traffic ratio. 
When SBFD slot is configured, if there is no uplink transmission in UL subband or the real-time resource scheduled for uplink in the subband is less than the UL subband capacity, it needs to be discussed whether the remaining resources in the UL subband not used for the actual uplink transmission could be used for downlink scheduling purpose. If the remaining resource of uplink sub-band can be used for downlink, the inter-cell interference occurs when the resource is scheduled by a cell for uplink and the resource with same frequency range is scheduled by neighbor/other cell(s). If the remaining resource of uplink sub-band would not be used for downlink, the resource efficiency may be impact because no transmission on some RBs.
Proposal 1: It needs to be discussed whether downlink scheduling could use the resource in uplink subband.
Evaluation methodology
Traffic ratio for SBFD evaluation
According to the agreements for evaluation cases for SBFD with Deployment Case 1, the resource ratio for uplink subband in downlink slot is about 20%. FTP3 model is used for the evaluation. The parameters for FTP3, e.g. arrival rate and packet size, configured for uplink and downlink could be different to match the ratio of resource for uplink and downlink. For an example, the bandwidth is assumed as 100 RBs for the simulation. The number of RBs used for uplink in SBFD slot is 20. The ratio between resources of uplink and downlink for “DDDSU” is about 100:(100*4). Then the ratio for FTP3 packet arrival rate could be 1:4 for uplink and downlink with same packet size, or the packet size could be 1:4 for uplink and downlink with same packet arrival rate. 
Proposal 2: The ratio of combined traffic volumes over FTP3 arrival rate and packet size between uplink and downlink should reflect the semi-static resource amount ratio between uplink and downlink. The downlink-to-uplink traffic volume ratio of 4:1 can be used given the TDD U/D configuration of “DDDSU”.

Deployment cases for dymamic/flexible TDD evaluation
When dynamic/flexible TDD is configured, the TDD pattern for each cell could be changed if needed and the TDD pattern between different cells could be either same or different. The candidate deployment cases could be selected as following:
· Deployment Case-1 (non-coexistence case): Single carrier is assumed. All the cells on the carrier share the same TDD-UL-DL-ConfigCommon and run upon the TDD dynamic/flexible allocation patterns that are independent from each other.
· Deployment Case-2 (coexistence case): Single carrier is assumed. All the cells on the carrier share the same TDD-UL-DL-ConfigCommon. Some of the cells on the carrier use legacy (static) TDD operation while others run upon the TDD dynamic/flexible allocation patterns that are independent from each other.
Proposal 3: For dynamic/flexible TDD evaluation, define one non-coexistence deployment case and one coexistence deployment case, each of which runs on single carrier and assumes the same TDD-UL-DL-ConfigCommon across all cells.  
Evaluation results
Table 1 shows the evaluation results for SBFD in InH scenario, with evaluation assumptions given in Table A-1. The channel bandwidth is 104RBs and the SBFD UL subband has 20RBs locating at the center of bandwidth. FTP3 packet arrival rate is 10/s and packet size is 0.5Mbyte for downlink. Packet arrival rate is 2.5/s and packet size is 0.5Mbyte for uplink.
Table 1 evaluation results for SBFD operations in deployment case-1
	
	TDD slot configuration
	DL Throughput
(kbps)
	UL Throughput (kbps)
	DL UPT (kbps)
	UL UPT (kbps)

	Baseline
	DDDSU
	16604.17
	4661.44
	8792.75
	4508.45

	SBFD operation Alt-1
	DXXXU
	14583.46
	6509.12
	7039.00
	7206.87

	SBFD operation Alt-2
	XXXXU
	14140.43
	7043.46
	6636.47
	8615.57



Observations from Table-1: 
· Regardless DL or UL, both throughput and UPT increases as resource amount on the transmission direction increases, and decreases as the resource amount on the transmission direction decreases. 
· Further, for {baseline case, Alt-1, Alt-2}, the D-to-U resource ratios are respectively {4:1, 89:41≈2.17:1, 42:23≈2:1}. The corresponding D-to-U throughputs are {3.56:1, 2.24:1, 2:1} respectively, which almost match the D-to-U resource ratios.  
· Comparing to the UL throughput, Alt-1 and Alt-2 help more on UL UPT, which is a reasonable observation since adding SBFD slot X reduces the waiting time of UL packets.    
Observation 1: The evaluations of Alt-1 and Alt-2 show that UL subband over DL symbols can increase UL throughput and UL UPT, generally at the cost of decreasing the DL throughput and DL UPT, where
· The impacts to DL/UL throughputs almost follow the DL/UL resource ratio; 
· The benefit on UL UPT is more outstanding than the one on UL throughput. 
Conclusion
In this contribution, we show our views on evaluation on NR duplex evolution with following proposals:
Observation 1: The evaluations of Alt-1 and Alt-2 show that UL subband over DL symbols can increase UL throughput and UL UPT, generally at the cost of decreasing the DL throughput and DL UPT, where
· The impacts to DL/UL throughputs almost follow the DL/UL resource ratio; 
· The benefit on UL UPT is more outstanding than the one on UL throughput. 
Proposal 1: It needs to be discussed whether downlink scheduling could use the resource in uplink subband.
Proposal 2: The ratio of combined traffic volumes over FTP3 arrival rate and packet size between uplink and downlink should reflect the semi-static resource amount ratio between uplink and downlink. The downlink-to-uplink traffic volume ratio of 4:1 can be used given the TDD U/D configuration of “DDDSU”.
Proposal 3: For dynamic/flexible TDD evaluation, define one non-coexistence deployment case and one coexistence deployment case, each of which runs on single carrier and assumes the same TDD-UL-DL-ConfigCommon across all cells.  
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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/DXXXU

	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
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