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1. Introduction

At the RAN1 #86bis and RAN1 #87 meeting, several agreements were reached 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 order to investigate the impact of time-scales of dynamic TDD, in this contribution, we provide our simulation results for dynamic TDD in indoor hotspot scenario.
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, 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 in RAN1#86 meeting as shown in the appendix [5]. In this contribution, we focus on indoor hotspot scenario. 12 TRPs in one 120m ×50m office are deployed. Dynamic TDD @30GHz carrier frequency is considered.
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%


To observe the impact of different time scales in dynamic TDD, user packet throughput is applied as a performance metric. The detailed performance metrics used in this simulation are listed as follows:
· Average user packet throughput
· {5%, 50%, 95%} user throughput
3.2 Initial evaluation results
In this section, we investigate the impact of different time scales for dynamic TDD in indoor hotspot scenario. The cases 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 with different time scales under low load and medium load are shown in table II and III, respectively. In each table, we compare the throughput gain in uplink and downlink between static TDD and dynamic TDD using different time scales. For static TDD, all cells use the same reference TDD UL/DL configuration. In our simulation, TDD UL/DL configuration 2 is assumed. For dynamic TDD, each 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 and UL UPT performance for different time scales in low load
	Performance Metric
	Time scales
	Low load (25%)

	
	
	5%
	50%
	95%
	Mean

	DL UPT (Gain)
	Baseline
	87.15
(0.00)
	205.86
(0.00)
	390.17
(0.00)
	218.56
(0.00)

	
	 slot
	134.76
(54.63%)
	275.04
(33.61%)
	493.45
(26.47%)
	297.90
(36.30%)

	
	2 slots
	141.58
(62.46%)
	284.36
(38.13%)
	493.45
(26.47%)
	310.07
(41.87%)

	
	8 slots
	122.46
(40.52%)
	270.60
(31.45%)
	493.45
(26.477%)
	293.58
(34.32%)

	UL UPT (Gain)
	Baseline
	28.95
(0.00)
	62.14
(0.00)
	101.68
(0.00)
	64.90
(0.00)

	
	slot
	128.07
(342.38%)
	281.97
(353.77%)
	479.35
(371.43%)
	295.72
(355.65%)

	
	2 slots
	121.14
(318.45%)
	291.78
(369.55%)
	453.44
(345.95%)
	305.57
(370.83%)

	
	8 slots
	104.21
(259.97%)
	270.60
(335.47%)
	447.39
(340.00%)
	287.73
(343.34%)


Table II show the evaluation results of DL and UL user packet throughput for different time scales in low load RU. From table II, it can be seen that compared with static TDD, both dynamic TDD with slot, 2 slots and 8 slots time scales achieve significant DL packet throughput performance gain and UL packet throughput gain. In addition, for dynamic TDD, 2 slots time scale provides better average performance gain than dynamic TDD with a slot time scale and dynamic TDD with 8 slots time scale.
Observation 1:
· In low load case, dynamic TDD with a time-scale of a slot, 2 slots and 8 slots, can provide significant performance gain compared with static TDD on DL and UL user packet throughput.
· For dynamic TDD with different time scales, 2-slot time scale obtain better performance gain than the time-scales of a slot and 8-slot.
Table III. DL and UL UPT performance for different time scales in medium load

	Performance Metric
	Time scales
	Low load (25%)

	
	
	5%
	50%
	95%
	Mean

	DL UPT (Gain)
	Baseline
	48.42
(0.00)
	135.85
(0.00)
	328.97
(0.00)
	151.67
(0.00)

	
	 slot
	77.31
(59.67%)
	205.86
(51.53%)
	459.65
(39.72%)
	221.76
(46.21%)

	
	2 slots
	79.33
(63.84%)
	200.92
(47.90%)
	447.39
(36.00%)
	219.5
(44.72%)

	
	8 slots
	80.08

(65.39%)
	212.37

(56.33%)
	441.51

(34.21%)
	222.74

(46.86%)

	UL UPT (Gain)
	Baseline
	22.78
(0.00)
	56.58
(0.00)
	95.6
(0.00)
	58.48
(0.00)

	
	slot
	51.78
(127.30%)
	243.15
(329.75%)
	419.43
(338.73%)
	228.78
(291.21%)

	
	2 slots
	60.13
(163.96%)
	256.14
(352.70%)
	419.43
(338.73%)
	242.79
(315.17%)

	
	8 slots
	58.559
(157.06%)
	233.02
(311.84%)
	419.43
(338.73%)
	228.42
(290.60%)


Table III show the evaluation results of DL and UL user packet throughput for different time scale in medium load. From table III, it can be seen that compared with static TDD, both dynamic TDD with slot time scale and multi-slot time scale achieve significant DL packet throughput performance gain and UL packet throughput gain in medium load. In addition, for DL, the dynamic TDD performance gap for different time scales is insignificant. For UL, dynamic TDD with 2 slots time scale provides better performance gain than dynamic TDD with slot and 8 slots time scales.

Observation 2:
· In medium load case, dynamic TDD with a time scale of a slot, 2 slots, and 8 slots, can provide significant performance gain compared with static TDD on DL and UL user packet throughput.
· For dynamic TDD with different time scales, the DL packet throughput performance gap for different time scales is insignificant. While for UL, 2-slot time scale obtain better performance gain than the time-scales of a slot and 8-slot.
4. Summary
In this contribution, we discussed several aspects for dynamic TDD in NR. The observations and proposals are summarized as follows.
Observation 1:
· In low load case, dynamic TDD with a time-scale of a slot, 2 slots and 8 slots, can provide significant performance gain compared with static TDD on DL and UL user packet throughput.
· For dynamic TDD with different time scales, 2-slot time scale obtain better performance gain than the time-scales of a slot and 8-slot.
Observation 2:
· In medium load case, dynamic TDD with a time scale of a slot, 2 slots, and 8 slots, can provide significant performance gain compared with static TDD on DL and UL user packet throughput.
· For dynamic TDD with different time scales, the DL packet throughput performance gap for different time scales is insignificant. While for UL, 2-slot time scale obtain better performance gain than the time-scales of a slot and 8-slot.
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Appendix
Table II. Simulation assumptions
	Parameters
	Indoor hotspot

	Layout
	Single layer
Indoor floor: (12BSs per 120m x 50m)
Candidate TRP numbers:12

	Inter-BS distance 
	20m

	Carrier frequency 
	30GHz 

	Aggregated system 
bandwidth
	30GHz: 80MHz

	Simulation bandwidth
	20MHz per CC below 6GHz and 80 MHz per CC above 6GHz 
Note: UE TX power scaling will impact final results

	Channel model
	Below 6GHz: ITU InH
Above 6 GHz: 5GCM office 
Note: When 5GCM is found to be applicable to below 6GHz, 5GCM  should be used 

	BS Tx power 
	Below 6GHz: 24dBm PA scaled down with simulation BW when system BW is higher than simulation BW. Otherwise, 24dBm
Above 6GHz: 23 dBm PA scaled down with simulation BW when system BW is higher than simulation BW. Otherwise, 23dBm
EIRP should not exceed 58 dBm(*)

	UE Tx power 
	30GHz: 23dBm
EIRP should not exceed 43 dBm (*)

	BS antenna configurations
	Above 6GHz: 

· Baseline: (M,N,P,Mg,Ng) = (8,16,2,1,1)

	BS antenna height 
	3m

	BS antenna element gain + connector loss
	See Table III.

	BS receiver noise figure
	Below 6GHz: 5dB

Above 6GHz: 7dB

	UE antenna configuration
	2Tx, 2Rx

	UE antenna height
	Follow TR36.873 

	UE antenna element gain pattern
	Omnidirectional

	UE antenna gain
	Follow the modeling of TR36.873

	UE receiver noise figure
	Below 6GHz: 9dB
Above 6GHz: 13dB (baseline performance)

	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 distribution
	100% Indoor, 3km/h,
10 users per BS for full buffer traffic

	UE receiver
	MMSE-IRC as the baseline receiver

	Feedback assumption
	Ideal

	Channel estimation
	Ideal


Table III. BS antenna element gain pattern

	Parameter
	Values

	Single sector
	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
	5dBi

	
	Electric tilting
	[FFS]
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