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1. Introduction

At the RAN1 #86bis and RAN1 #87 meeting, several agreements were achieved regarding duplexing [1][2], including
	Agreements at RAN1 #86bis:
· Slot aggregation is supported

· Data transmission can be scheduled to span one or multiple slots

Agreements at RAN1#87:
· NR should support dynamically assigned DL and UL transmission directions at least for data on a per-slot basis at least in a TDM manner

· FFS control signaling details (e.g. UE or cell-specific, applicable for cross and/or same-slot scheduling, switching between dynamic and semi-static operation, etc.)

· FFS adaptation at the level of a mini-slot

· Other aspects, if any, are not excluded

· Note: the applicability of the above bullets in terms of spectra is a separate discussion




In our companion contributions [3-4], the possible time-scales of dynamic TDD and potential necessary mechanisms to enable dynamic TDD operation are discussed. In this contribution, we provide our simulation results for dynamic TDD in dense urban scenario. In order to investigate the impact of time-scales of dynamic TDD, we assume slot aggregation for the evaluation.
2. Possible time scales of NR dynamic TDD
At the RAN1 #87 meeting, it was agreed that NR should support dynamically assigned DL and UL transmission directions at least for data on a per-slot basis at least in a TDM manner. On the other hand, the details of slot aggregation and how to combine slot aggregation and dynamic TDD are still FFS.
In the case where some slots are aggregated, transmission direction could not be changed over the aggregated slots. Hence, the time scale of DL/UL switching is limited by the duration of aggregated slots even though it was agreed that transmission direction is configurable on a per-slot basis. To investigate the impact of dynamic TDD time-scales, in this contribution, system level evaluation is conducted for the following cases. 
· Case 1: slot level adaptation 
· Case 2: Multi-slot level adaptation 
· Case 2-1: 2-slot level adaptation
· Case 2-2: 8-slot level adaptation
Some examples are shown in Fig.1. Note that we assumed that user scheduling can be changed per slot, but transmission direction cannot be changed within the slots of a given time-scale.
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Case 2-1: 2-slot level adaptation
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Case 2-2: 8-slot level adaptation
Fig.1 Examples of different time scales
3. Evaluation methodology for dynamic TDD
3.1 Scenario and simulation assumption
Taking into account the simulation assumptions related to dynamic TDD agreed at the RAN1#86 meeting as shown in the appendix and in [5], we focus on dense urban scenario with the following specific assumptions:
· 4GHz carrier frequency is used at macro cells

· 30GHz carrier frequency is used at micro-cells

· Each UE measures these two frequencies and select one cell based on RSRP/RSRQ

· DL/UL user packet throughput (UPT) on 30GHz micro-cells are measured
In this simulation, we assume dynamic TDD is only applicable to data channel and the DL/UL control channel are aligned for different cells to avoid cross-link interference in control channel for simplicity. Furthermore, fixed control/GP overhead is assumed as shown in Fig.1. For RS overhead, LTE DMRS is assumed just tentatively. The overhead calculation is given in table I.
Table I. Overhead calculation

	Overhead
	DL-centric slot
	UL-centric slot

	DL control channel
	1 symbol/slot=7.14%
	1 symbol/slot=7.14%

	UL control channel
	1 symbol/slot=7.14%
	1 symbol/slot=7.14%

	GP
	1 symbol/slot=7.14%
	1 symbol/slot=7.14%

	DMRS
	12 REs/slot=7.14%
	12 REs/slot=7.14%

	Total
	28.57%
	28.57%


3.2 Initial evaluation results
In this section, we investigate the impact of time scales for dynamic TDD in dense urban scenario. The possible time scales shown in section 2 are evaluated. In this simulation, the system bandwidth 80MHz and SCS 120kHz are assumed. In addition, for both DL and UL, FTP traffic model 1 with packet size 0.5Mbytes is assumed. The DL/UL arrival rate 4:1 is applied in this simulation. 
The DL and UL performance of dynamic TDD for different time scales under different RU are shown in table II, III, IV and V, respectively. In each table, we compare the throughput gain in uplink and downlink between static TDD and dynamic TDD with slot, 2 slots and 8 slots time scales. For static TDD, all micro cells use the same reference TDD UL/DL configuration. In our simulation, TDD UL/DL configuration 2 is assumed. For dynamic TDD, each micro cell determines its UL/DL transmission direction based on the UL/DL buffer size. If the DL buffer size is larger than the UL buffer size, DL transmission resource is assigned. Otherwise, UL transmission resource is allocated. In addition, interference mitigation using advanced receiver, e.g., MMSE-IRC is adopted for dynamic TDD.
Table II. DL UPT performance for different time scales in low load
	Performance Metric
	Time scales
	Low load (25%)

	
	
	5%
	50%
	95%
	Mean

	DL UPT (Gain)
	Baseline
	75.234
(0.00)
	198.55
(0.00)
	390.17
(0.00)
	211.99
(0.00)

	
	 slot
	68.759
(-8.61%)
	243.15
(22.46%)
	493.45
(26.47%)
	258.05
(21.73%)

	
	2 slots
	62.485
(-16.95%)
	246.72
(24.26%)
	493.45
(26.47%)
	257.60
(21.52%)

	
	8 slots
	59.705
(-20.64%)
	237.97
(19.85%)
	493.45
(26.47%)
	254.28
(19.95%)


Table III. DL UPT performance for different time scales in medium load
	Performance Metric
	Time scales
	Medium load (50%)

	
	
	5%
	50%
	95%
	Mean

	DL UPT (Gain)
	Baseline
	27.280
(0.00)
	91.429
(0.00)
	313.59
(0.00)
	118.52
(0.00)

	
	 slot
	28.533
(4.59%)
	119.84
(31.07%)
	414.25
(32.10%)
	150.69
(27.14%)

	
	2 slots
	26.092
(-4.35%)
	101.99
(11.55%)
	368.73
(17.58%)
	134.12
(13.16%)

	
	8 slots
	25.248
(-7.45%)
	110.01
(20.32%)
	381.30
(21.59%)
	142.31
(20.07%)


Table II and III show the evaluation results of DL user packet throughput for different time scales in low load and medium load region. From table II, it can be seen that compared with static TDD, dynamic TDD with both slot and multi-slot level traffic adaptation achieves significant DL average packet throughput performance gain in low load region. However, for dynamic TDD, it has some performance degradation for 5%-ile of UPT. Furthermore, for both DL and UL average UPT, smaller time scale provides better performance gain, however, the user packet throughput gap b/w slot time scale and 2 slots time scale is insignificant. 
From table III, it can be seen that both dynamic TDD with both slot and multi-slot level traffic adaptation achieves significant DL packet throughput performance gain in medium load region. However, for dynamic TDD with multiple slots time scale, it may have some performance degradation for 5%-ile of UPT. Furthermore, dynamic TDD with slot level adaptation achieves better DL packet throughput than dynamic TDD with multiple slots level adaptation. However, 8 slot time scale is better than 2 slot time scale in medium load.
Observation 1:
For DL user packet throughput, we have the following observations:
· In low load and medium load cases, dynamic TDD with a time-scale of a slot, 2 slots and 8 slots, can provide significant performance gain compared with static TDD in terms of DL average user packet throughput.

· Compared with static TDD, 5% DL user packet throughput of dynamic TDD may be increased or decreased.

· Dynamic TDD with a time-scale of a slot provides the largest performance benefit on average user packet throughput performance than the other time scales.
Table IV. UL UPT performance for different time scales in medium load
	Performance Metric
	Time scales
	Medium load (50%)

	
	
	5%
	50%
	95%
	Mean

	UL UPT (Gain)
	Baseline
	21.537
(0.00)
	52.925
(0.00)
	85.164
(0.00)
	52.336

(0.00)

	
	slot
	23.764
(10.34%)
	98.981
(87.02%)
	266.31
(212.70%)
	118.31

(126.06%)

	
	2 slots
	20.790

(-3.47%)
	99.864

(88.69%)
	277.31

(225.62%)
	118.48

(126.38%)

	
	8 slots
	20.177
(-6.31%)
	99.568
(88.13%)
	258.11
(203.07%)
	116.98
(123.52%)


Table V. UL UPT performance for different time scales in high load
	Performance Metric
	Time scales
	High load (85%)

	
	
	5%
	50%
	95%
	Mean

	UL UPT (Gain)
	Baseline
	14.260
(0.00)
	37.958
(0.00)
	79.325
(0.00)
	41.465
(0.00)

	
	slot
	13.470
(-5.54%)
	41.222
(8.60%)
	175.68
(121.47%)
	61.610
(48.58%)

	
	2 slots
	11.598
(-18.67%)
	36.672
(-3.39%)
	172.96
(118.04%)
	56.156
(35.43%)

	
	8 slots
	12.720
(-10.80%)
	44.209
(16.47%)
	192.84
(143.10%)
	67.577
(62.97%)


Table IV and V show the evaluation results of UL user packet throughput for different time scales in medium load and high load region. From table IV, it can be seen that compared with static TDD, dynamic TDD with slot and multi-slot level adaptation achieves significant UL average packet throughput performance gain in medium load region. However, for dynamic TDD with multi-slot level adaptation, it may have some performance degradation for 5%-ile UL UPT. Furthermore, the performance gap b/w dynamic TDD with slot level adaptation and 2-slot level adaptation is insignificant.
From table V, it can be seen that compared with static TDD, both dynamic TDD with slot and multi-slots level adaptation achieves significant UL average packet throughput performance gain in high load region. However, for dynamic TDD with 2-slot level adaptation, it may have some performance degradation than static TDD for 50%-ile UPT. Furthermore, for dynamic TDD, UL user packet throughput for 2 slots time scales is worse than 8 slots time scale. 
Observation 2:
For UL user packet throughput, we have the following observations:

· In medium load and high load cases, dynamic TDD with a time scale of a slot, 2 slots and 8 slots, can provide significant performance gain compared with static TDD in terms of UL average user packet throughput.

· Compared with static TDD, 5% UL user packet throughput of dynamic TDD may be increased or decreased.
· In medium load, dynamic TDD with slot time scale achieves better UL performance gain than dynamic TDD with multi-slot time scale.

· In high load, dynamic TDD with multi-slot time scale may achieve better UL performance gain than dynamic TDD with slot time scale.
4. Summary
In this contribution, we provide some initial evaluation results for dynamic TDD. The observations and proposals are summarized as follows.
Observation 1:
For DL user packet throughput, we have the following observations:
· In low load and medium load cases, dynamic TDD with a time-scale of a slot, 2 slots and 8 slots, can provide significant performance gain compared with static TDD in terms of DL average user packet throughput.

· Compared with static TDD, 5% DL user packet throughput of dynamic TDD may be increased or decreased.

· Dynamic TDD with a time-scale of a slot provides the largest performance benefit on average user packet throughput performance than the other time scales.
Observation 2:
For UL user packet throughput, we have the following observations:

· In medium load and high load cases, dynamic TDD with a time scale of a slot, 2 slots and 8 slots, can provide significant performance gain compared with static TDD in terms of UL average user packet throughput.

· Compared with static TDD, 5% user packet throughput of dynamic TDD may be increased or decreased.
· In medium load, dynamic TDD with slot time scale achieves better UL performance gain than dynamic TDD with multi-slot time scale.

· In high load, dynamic TDD with multi-slot time scale may achieve better UL performance gain than dynamic TDD with slot time scale.
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Appendix
Table V. Simulation assumptions
	Parameters
	Values

	Scenario
	Dense urban

	Layout
	Two layer:
·  Macro layer: Hex. Grid
·  Micro layer: Random drop (All micro BSs are outdoor)
·  3 micro BSs per macro BS

	Inter-BS distance
	Macro-to-macro: 200m
Macro-to-micro: 105m [TR36.897]
Micro-to-micro:40m

	Minimum BS-UE (2D) distance
	Macro-to-UE: 35m [TR36.897]
Micro-to-UE: 10m [TR36.897]

	Minimum UE-UE (2D) distance
	3m [TR36.843]

	Carrier frequency
	Macro layer: 4 GHz, 30 GHz [TR38.913]
Micro layer: 30 GHz

	Aggregated system 
bandwidth
	4GHz: Up to 200MHz (DL+UL) 
30GHz: Up to1GHz (DL+UL)

	Simulation bandwidth
	20MHz per CC below 6GHz and 80 MHz  per CC above 6GHz 
Note: For FDD, simulation BW is split equally between UL and DL
Note: UE TX power scaling will impact final results

	Channel model
	Below 6GHz:
·  Macro-to-UE: 3D UMa
·  Micro-to-UE: 3D UMi
·  Macro-to-Macro: 3D UMa O-to-O (h_UE=25m) ASA and ZSA statistics* updated to be the same as ASD and ZSD; ZoD offset = 0
·  Macro-to-Micro: 3D UMa O-to-O
·  Micro-to-Micro: 3D UMi O-to-O (h_UE=10m), ASA and ZSA statistics updated to be the same as ASD and ZSD; ZoD offset = 0
·  UE-to-UE: InH for indoor to indoor, and 3D Umi for other cases. ASD and ZSD statistics updated to be the same as ASA and ZSA. 
Above 6GHz:
·  Macro-to-UE: 5GCM UMa
·  Micro-to-UE: 5GCM UMi
·  Macro-to-Macro: 5GCM UMa O-to-O (h_UE=25m); ASA and ZSA statistics updated to be the same as ASD and ZSD; ZoD offset = 0
·  Macro-to-Micro: 5GCM UMa O-to-O
·  Micro-to-Micro: 5GCM UMi O-to-O (h_UE=10m); ASA and ZSA statistics updated to be the same as ASD and ZSD; ZoD offset = 0
· UE-to-UE: 5GCM UMi; ASD and ZSD statistics updated to be the same as ASA and ZSA.  

	BS Tx power
	Below 6GHz: 44 dBm PA scaled with simulation BW when system BW is higher than simulation BW. Otherwise, 44 dBm
Above 6GHz: 33 dBm PA scaled down with simulation BW when system BW is higher than simulation BW. Otherwise, 33 dBm

	UE Tx power
	23 dBm

	BS antenna configuration
	Below 6GHz:
·  Baseline: (M,N,P,Mg,Ng)=(8,8,2,1,1) (dH,dV)=(0.5,0.8)λ
Above 6GHz:
·  Baseline: (M,N,P,Mg,Ng)=(4,8,2,2,2) (dH,dV,dH,g,dV,g)=(0.5,0.5,4.0,2.0)λ

	BS antenna height
	Macro: 25m
Micro: 10m

	BS antenna element gain pattern
	Below 6GHz:

According to TR36.873
Above 6GHz: 
According to table II

	BS antenna element gain + connector loss
	8 dBi

	BS receiver noise figure
	Below 6GHz: 5 dB
Above 6GHz: 7 dB

	UE antenna configuration
	2Tx, 2Rx

	UE antenna height
	hUT=3(nfl-1)+1.5
nfl for outdoor UEs: 1
nfl for indoor UEs: nfl~uniform(1,Nfl) where Nfl~uniform(4,8)

	UE antenna gain
	Follow the modeling of TR36.873

	UE antenna element gain pattern
	Omnidirectional

	UE receiver noise figure
	Below 6GHz: 9 dB
Above 6GHz: 13 dB

	UE distribution
	80% indoor (3km/h) and 20% outdoor (30km/h)

	Traffic model
	FTP model 1 with packet size 0.5Mbytes. 

	Traffic load (Resource utilization)
	For baseline scheme: 25, 50 and 80% 

Ratio of DL/UL traffic = 4:1

	UE receiver
	MMSE-IRC as the baseline receiver

	BS receiver
	MMSE-IRC as the baseline receiver

	Feedback assumption
	Ideal

	Channel estimation
	Ideal


Table III. BS antenna element gain pattern

	Parameter
	Values

	Antenna element vertical radiation pattern (dB)
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	Antenna element horizontal radiation pattern (dB)
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	Combining method for 3D antenna element pattern (dB)
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	Maximum directional gain of an antenna element GE,max
	8 dBi
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