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1. Introduction
In the email discussion after RAN1 #68bis meeting, simulation assumptions and methodology were discussed and agreed for further evaluation of multi-cells LTE TDD eIMTA scenarios.
We have submitted simulation results in RAN1 #68bis meeting in [1-2], and in this contribution, we present our evaluation results for outdoor multiple pico scenario.
The main focus of this contribution is on the following two aspects:

1. How much is reconfiguration gain with 320 ms static re-configuration?
2. Whether if there is UE to UE interference?
For the 10 ms reconfiguration, our main concern is how to model the transition between the reconfiguration period as addressed in [5], e.g. HARQ modeling, which should not assumed ideal during the transition. 
2. Evaluation cases, assumptions and methodology 
According to the email discussion agreement on the simulation assumptions and methodology, some issues can be determined by each company. Hence below we list the details we used in our system simulation that has not been explicitly stated in [3] or have been made optional for each company.
· Simulation cases

· Case 1: Ratio of DL/UL arriving rate 1/1, reference TDD configuration #1, DL arriving rate = {0.5, 1.0, 2.0};
· Case 2: Ratio of DL/UL arriving rate 2/1, reference TDD configuration #1, DL arriving rate = {0.5, 1.0, 2.0};
· Case 3: Ratio of DL/UL arriving rate 2/1, reference TDD configuration #2, DL arriving rate = {0.5, 1.0, 2.0};
· Case 4: Ratio of DL/UL arriving rate 4/1, reference TDD configuration #2, DL arriving rate = {1.0, 2.0, 4.0}.

· UL-DL reconfiguration method
· Adopt one of the TDD UL-DL configurations with the closest DL/UL ratio to the ratio of DL/UL buffer size;

· Considered TDD UL-DL configurations: {0,1,2,3,5,6};

· Time scale for reconfiguration: {640ms} 
· HARQ modeling

· Ideal HARQ timing, i.e. a retransmission can happen in the first available sub-frame after 8ms, if the maximum number of HARQ transmissions (4) is reached for a TB, the TB is put back to the front of the data buffer;
· HARQ scheme: Chase combining. 

· Traffic modeling

· Same traffic generation methodology and arriving rate as agreed in isolated cell case [4], independent traffic generation per cell. Same arriving rate for all the cells.

· DL/UL power control

· UL: open loop power control with (Po, α) = (-76dBm,0.8);
· DL: fixed power

· Scheduling method

· FIFO (first-in-first-out), i.e. user with highest packet delay has highest scheduling priority, remaining sub-band (if any) after allocation for the highest priority user can be allocated for the second priority user.
· Antenna configuration 

· 1TX, 2RX for both UL and DL.

· Other assumptions and mythology

· Same as the simulation assumptions [3] as agreed in email discussion. 
3. Simulation Results
1.1. eIMTA packet throughput gain at {5%, 50%, 95%} CDF percentile 

In this section, we summarize packet throughput gain of TDD reconfiguration at {5%, 50%, 95%} CDF percentile compared to reference fixed TDD configuration 1 and 2 cases in the following tables.
Table 3-1: Configuration 1 – multi-cell pico scenario with traffic ratio DL: UL=1:1
	
	DL (Mbps)
	UL (Mbps)

	λ DL
	λ UL
	Adapt.
	Avg.
	5%
	50%
	95%
	Avg.
	5%
	50%
	95%

	0.5
	0.5
	Fixed
	21.49
	15.20
	22.35
	22.35
	9.89
	3.32
	9.82
	14.87

	
	
	640ms
	22.25
	14.60
	22.35
	33.33
	11.53
	4.55
	11.30
	21.15

	1
	1
	Fixed
	20.67
	12.02
	22.21
	22.35
	8.45
	1.98
	7.71
	14.87

	
	
	640ms
	20.63
	11.01
	22.10
	33.61
	10.47
	3.53
	9.35
	21.70

	2
	2
	Fixed
	18.79
	9.11
	21.98
	22.35
	6.84
	1.65
	5.46
	14.87

	
	
	640ms
	16.03
	6.15
	14.85
	33.06
	7.67
	1.57
	6.03
	19.91


Table 3-2: Configuration 1 – multi-cell pico scenario with traffic ratio DL: UL=2:1
	
	DL
	UL

	λ DL
	λ UL
	Adapt.
	Avg.
	5%
	50%
	95%
	Avg.
	5%
	50%
	95%

	0.5
	0.25
	Fixed
	21.52
	14.61
	22.35
	22.35
	10.48
	3.85
	11.13
	14.87

	
	
	640ms
	22.90
	14.82
	22.35
	33.33
	11.52
	4.71
	11.46
	20.10

	1
	0.5
	Fixed
	20.63
	11.95
	22.23
	22.35
	9.97
	3.31
	10.01
	14.87

	
	
	640ms
	22.13
	12.43
	22.35
	33.61
	11.19
	4.31
	10.70
	20.60

	2
	1
	Fixed
	18.73
	8.95
	21.95
	22.35
	8.70
	2.43
	7.85
	14.87

	
	
	640ms
	19.77
	8.77
	20.62
	33.61
	9.75
	3.29
	8.35
	20.62


Table 3-3: Configuration 2 – multi-cell pico scenario with traffic ratio DL: UL=2:1
	
	DL
	UL

	λ DL
	λ UL
	Adapt.
	Avg.
	5%
	50%
	95%
	Avg.
	5%
	50%
	95%

	0.5
	0.25
	Fixed
	28.90
	21.05
	29.85
	29.85
	4.95
	1.73
	5.01
	7.43

	
	
	640ms
	22.90
	14.82
	22.35
	33.33
	11.52
	4.71
	11.46
	20.10

	1
	0.5
	Fixed
	28.07
	16.59
	29.85
	29.85
	4.35
	1.252
	4.00
	7.43

	
	
	640ms
	22.13
	12.43
	22.35
	33.61
	11.19
	4.31
	10.70
	20.60

	2
	1
	Fixed
	26.34
	14.18
	29.63
	29.85
	4.03
	1.20
	3.55
	7.43

	
	
	640ms
	19.77
	8.77
	20.62
	33.61
	9.75
	3.29
	8.35
	20.62


Table 3-4: Configuration 2 – multi-cell pico scenario with traffic ratio DL: UL=4:1
	
	DL
	UL

	λ DL
	λ UL
	Adapt.
	Avg.
	5%
	50%
	95%
	Avg.
	5%
	50%
	95%

	1
	0.25
	Fixed
	28.14
	17.00
	29.85
	29.85
	4.95
	1.67
	4.98
	7.43

	
	
	640ms
	22.82
	13.00
	22.35
	33.61
	11.36
	4.66
	11.10
	20.00

	2
	0.5
	Fixed
	26.44
	14.51
	29.63
	29.85
	4.71
	1.53
	4.50
	7.43

	
	
	640ms
	21.43
	10.25
	22.22
	33.61
	10.32
	3.76
	9.33
	20.10

	4
	1
	Fixed
	21.79
	8.32
	23.51
	29.85
	5.02
	1.97
	4.94
	7.43

	
	
	640ms
	17.06
	6.63
	15.32
	33.33
	9.08
	3.12
	7.85
	20.10


Observation 1: 

· TDD reconfiguration in outdoor multi-cell pico scenario can provide packet throughput gain in both DL and UL directions when low traffic loading, ideal handling of HARQ, CSI, SRS, ACK-NAK are assumed. If considering high load traffic and practical overhead for TDD reconfiguration, the performance will be decreased, meanwhile short time scale reconfiguration will require additional complicated system timeline design.
Observation 2:   
· TDD reconfiguration packet throughput gain will be decreased as traffic loading increases. 

4. Evaluation of Potential UE-to-UE Interference
As pointed out in [5], the other main design challenge for adaptive TDD system is potential eNB-to-eNB and UE-to-UE interference. The eNB-to-eNB interference can be solved to some extend by smart implementation as well as eNB coordination; however, UE-to-UE interference will be harder to manage. 
So in this section, we look at additional simulation scenarios where UE-to-UE interference may occur. We simulate this case by a simple setup as following:

· Instead of randomly dropping users in any location, we look at a UE pair that has close distance of 2.5 meters. Then the user pairs are dropped at the cell edge of two different pico cells. All the other users are randomly and uniformly dropped within the cell layout.

· The cell association is decided on the best DL serving cell. 

· Obviously, many cases these two users will be served by the same Pico cell, which would not have any interference issues. 

· But we do observe that out of 5000 such random drops, 1260 cases, the UEs reported to different Pico cells

· Further interference conditions for these 1260 cases are studied and presented below. 

Simulation results: 

Figure 1 shows the simulation results where no adaptation is used for different pico cells vs. the case where TDD adaptation is applied to the different cells. 

As we can see from here, significant UE-to-UE interference can be seen if the DL and UL directions are different and both served at the same time. 
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Figure 1. Potential UE-to-UE Interference Issues

When these two eNBs are interfering each other, such that the IoT level of one eNB is increased because of the eNB-to-eNB interference. Then the UL will have to power up to overcome the increased IoT. The results for such scenario is captured in Figure 2. 
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Figure 2. Simulation Results for UE-to-UE Interference with eNB-to-eNB Interference
Observation 3:   
· There is potential issue with UE-to-UE interference when close by UEs are associtated with different Pico cells. 
· The interference was made even worse by IoT rise due to eNB-to-eNB interference. 
5. Conclusions
In this contribution, we performed the simulation to evaluate the benefits of TDD UL-DL reconfiguration based on traffic adaptation, in the outdoor multiple pico-cell scenarios. We obtain the following observation based on performance evaluation results.
Observation 1: 

· TDD reconfiguration in outdoor multi-cell pico scenario can provide packet throughput gain in both DL and UL directions when low traffic loading, ideal handling of HARQ, CSI, SRS, ACK-NAK are assumed. If considering high load traffic and practical overhead for TDD reconfiguration, the performance will be decreased, meanwhile short time scale reconfiguration will require additional complicated system timeline design.
Observation 2:   
· TDD reconfiguration packet throughput gain will be decreased as traffic loading increases. 

Observation 3:   
· There is potential issue with UE-to-UE interference when close by UEs are associtated with different Pico cells. 
· The interference was made worse by IoT rise due to eNB-to-eNB interference. 
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