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1. Introduction
In RAN#86 [1], the evaluation methodology for dynamic TDD was discussed and the following WFs were agreed: 
	Agreement:
· The WF in R1-168053 [2] is agreed, with the following updates:
· Channel model: 
· Current entries are used as a starting point
· Can further discussion whether or not to update the channel model
· Traffic model
· Add optional DL/UL ratio of 1:1
· Add one more packet size of 2Mbtyes
· Add “other FTP model is not precluded”
· UE receive noise figure:
· Update according to last meeting’s agreements on the noise figures (i.e., 10dB vs. 13dB)
· Layout
· Add: FFS other cluster dropping models for dense Urban
Agreement:
· Slide 2 in R1-168372 [3] is agreed with the following update:
· The following assumption is used as starting point for flexible duplex evaluation, and further update might be made.
Agreement:
· R1-168373 [4] is agreed with the following update:
· The following assumption is used as starting point for flexible duplex evaluation, and further update might be made.



[bookmark: OLE_LINK6][bookmark: OLE_LINK7]In this contribution, we provide initial evaluation results for the indoor hotspot scenario with 4GHz carrier frequency.
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In this contribution, we evaluate dynamic TDD system for indoor hotspot scenario. We follow the evaluation assumptions in R1-168053 [2], and the detailed evaluation assumptions are listed in Appendix A.
We will study the following three TDD mechanisms in this contribution:
· Legacy LTE TDD
We use legacy LTE TDD as benchmark for dynamic TDD systems. In our evaluation assumptions, the traffic ratio between DL and UL is 4:1. We choose TDD configuration 3 (DL:UL = 7:3) for legacy LTE TDD because DL and UL spectrum efficiency is different (BS: 2Tx 2Rx; UE: 1Tx 2Rx), and TDD configuration 3 is most close to the system required DL:UL resources.

· Dynamic TDD
Each TRP in the scenario dynamically allocate DL and UL resources based on their DL and UL buffer status. There is no interference mitigation method in this system. The motivation of this evaluation is to understand how TRP-to-TRP interference would impact the UL throughput.

· Dynamic TDD with LBT
In this dynamic TDD system, we assume that all the TRPs in the indoor scenario are coordinated. They coordinate to decide some UL prioritized subframes, where TRP should perform LBT before transmitting DL traffic while UE can transmit UL traffic directly. Besides the UL prioritized subframes, the others are mixed subframes, where DL and UL can be directly transmitted. 

3. Initial evaluation results
The throughput performance tables are as below:

		Legacy TDD Config 3 DL:UL = 7:3

	DL
UPT CDF
[Mbps]
	5%
	31.44
	18.87
	7.82

	
	50%
	51.40
	35.95
	19.54

	
	95%
	72.18
	58.59
	39.39

	
	Mean
	51.82
	36.81
	21.10

	UL
UPT CDF
[Mbps]
	5%
	11.28
	9.22
	7.92

	
	50%
	17.50
	15.60
	13.94

	
	95%
	19.81
	19.49
	19.15

	
	Mean
	16.76
	15.27
	13.82

	𝜆 (files/s)
	0.20
	0.25
	0.30



		Dynamic TDD

	DL
UPT CDF
[Mbps]
	5%
	57.75
	37.83
	15.20

	
	50%
	82.49
	62.38
	38.12

	
	95%
	108.33
	90.41
	65.46

	
	Mean
	82.81
	63.02
	38.77

	UL
UPT CDF
[Mbps]
	5%
	20.56
	10.72
	2.79

	
	50%
	40.34
	30.34
	15.59

	
	95%
	58.25
	53.31
	34.58

	
	Mean
	40.51
	30.66
	16.97

	𝜆 (files/s)
	0.20
	0.25
	0.30



		Dynamic TDD with LBT

	DL
UPT CDF
[Mbps]
	5%
	48.04
	30.11
	13.95

	
	50%
	73.19
	51.85
	30.67

	
	95%
	100.13
	79.52
	55.40

	
	Mean
	73.51
	53.01
	31.91

	UL
UPT CDF
[Mbps]
	5%
	26.27
	16.00
	8.14

	
	50%
	44.60
	34.85
	21.69

	
	95%
	59.18
	52.96
	39.93

	
	Mean
	44.22
	34.74
	22.63

	𝜆 (files/s)
	0.20
	0.25
	0.30





(※ 𝜆 is per user DL+UL packet arrival rate.)

From the throughput tables for legacy TDD and dynamic TDD, we can see that dynamic TDD has significant throughput gain in both UL and DL. However, when the system loading becomes higher, more severe TRP-to-TRP interference is expected. The 5% UL UPT decreases drastically with increase of the traffic loading. We can observe that with 𝜆 = 0.3 files/s, the 5% UL UPT in dynamic TDD is worse than legacy TDD. Thus, interference mitigation methods for TRP-to-TRP interference should be adopted in dynamic TDD.

Figure 1 shows the UL effective SINR with TRP-to-TRP interference and without TRP-to-TRP interference when 𝜆 = 0.3 files/s in dynamic TDD. We can see that with probability of 50%, the UL effective SINR with TRP-to-TRP interference is less than 5dB.
[image: ]
[bookmark: _Ref466048002]Figure 1 UL effective SINR distribution

Observation 1: Dynamic TDD can significantly improve the DL and UL performance in indoor hotspot scenario for 4GHz unpaired spectrum. However, when the system loading becomes higher, 5% UL UPT is drastically reduced.

If we adopt interference mitigation methods in dynamic TDD (see the throughput table for dynamic TDD with LBT), we can find that the 5% UL UPT is guaranteed and outperforms 5% UL UPT in legacy TDD. However, the DL throughput becomes worse when compared to dynamic TDD without any interference mitigation method. 

Observation 2: Dynamic TDD with LBT mitigates the throughput degradation at a high load compared to dynamic TDD without any interference mitigation scheme.
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4. [bookmark: _Ref129681832]Conclusion
In this contribution, we provide initial evaluation results of dynamic TDD in indoor hotspot scenario with 4GHz carrier frequency. The following observations can be made, 

Observation 1: Dynamic TDD can significantly improve the DL and UL performance in indoor hotspot scenario for 4GHz unpaired spectrum. However, when the system loading becomes higher, 5% UL UPT drastically reduces.

Observation 2: Dynamic TDD with LBT mitigates the throughput degradation at a high load compared to dynamic TDD without any interference mitigation scheme.
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Appendix A: Simulation assumptions
	Layout for nodes
	Indoor scenario (12 BSs per 120m X 50m) 

	Inter-BS distance
	20m

	Minimum BS-UE (2D) distance
	0m

	Minimum UE-UE (2D) distance
	3m

	System bandwidth
	20MHz per CC

	Carrier frequency 
	4.0GHz

	Number of carriers
	1

	BS TX power
	24 dBm

	UE TX power 
	23 dBm 

	Channel model
	TRP-to-UE: ITU InH 
TRP-to-TRP: ITU InH
 UE-to-UE: A.2.1.2 in TR36.843

	BS antenna
	Omni antenna model; (M,N,P,Mg,Ng) = (1, 1, 2, 1, 1); 2Tx, 2Rx

	BS antenna height: 
	3m 

	UE antenna
	Omni; 1Tx, 2Rx

	UE antenna height
	1.5m

	eNB antenna element gain
	5dBi

	Antenna gain of UE
	0 dBi

	UE distribution
	10 users per TRP; 100% indoor (3km/h)

	Cell selection criteria
	Cell selection is based on RSRP

	BS receiver
	MMSE-IRC

	UE receiver
	MMSE-IRC

	BS receiver noise figure
	5dB

	UE receiver noise figure
	9dB

	UE power control
	Full power

	Traffic model 
	FTP traffic model 3 with packet size 0.5Mbytes 
Ratio of DL/UL traffic = {4:1}

	Scheduler
	Proportional fair for DL and UL
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