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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.



In RAN1#87 [5], the following agreements were reached:
	Agreements
· At least following schemes are identified to be further studied aiming to mitigate cross-link interference with and without the assumption on inter-cell coordination:
· Advanced receiver for interference cancellation/suppression 
· RS design (e.g. symmetric RS) and timing alignment between DL and UL 
· Sensing/measurement scheme (e.g. LBT-like, OTA measurement if any, etc.)
· Power control and coordinated schemes (e.g. coordinated beamforming/scheduling, OTA signalling if any, etc.)
· Link adaptation
· Strive for common cross-link interference mitigation schemes for both paired and unpaired spectrum.
· For further study of measurements of cross link interference (CLI), aim for (if possible) reusing a physical reference signal used for other purposes 
· The need to enable CLI measurement should be taken into account when designing the RS which is also to be used for CLI measurement
· Study metric(s) to be used for CLI measurement, e.g., RSRP
· Physical reference signal used for CLI measurement aim for the same type for DL & UL (e.g. DM-RS type, CSI-RS type, etc.)
To support CLI measurement, RS of a UE or a TRP aim to be received by another UE or another TRP



[bookmark: OLE_LINK6][bookmark: OLE_LINK7]In RAN#87 R1-1612126 [6], we show that TRP-to-TRP interference would be a major problem in dynamic TDD in 4GHz indoor scenario with omni TRP antenna configuration. In this contribution, we provide evaluation results for the indoor hotspot scenario with TRP antenna boresight perpendicular to the ceiling. We would show that with different TRP antenna configuration, the cross-link interference problem would be different.
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In this contribution, we evaluate dynamic TDD system for indoor hotspot scenario. We follow the evaluation assumptions in TR38.802 [7], and the detailed evaluation assumptions are listed in Appendix A.
We will study the following in this contribution:
· Legacy LTE TDD
We use legacy LTE TDD as benchmark for the dynamic TDD system. 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.


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

		Legacy TDD Config 3 DL:UL = 7:3

	DL
UPT CDF
[Mbps]
	5%
	37.75
	24.04
	18.98

	
	50%
	62.05
	46.72
	41.21

	
	95%
	89.76
	83.20
	80.50

	
	Mean
	62.98
	49.22
	44.17

	UL
UPT CDF
[Mbps]
	5%
	11.55
	8.49
	7.12

	
	50%
	16.97
	15.12
	14.34

	
	95%
	19.78
	19.40
	18.74

	
	Mean
	16.56
	14.58
	13.79

	𝜆 (files/s)
	0.35
	0.50
	0.55



		Dynamic TDD

	DL
UPT CDF
[Mbps]
	5%
	45.37
	24.32
	15.80

	
	50%
	75.96
	48.05
	37.33

	
	95%
	111.06
	97.60
	92.17

	
	Mean
	76.46
	52.18
	42.35

	UL
UPT CDF
[Mbps]
	5%
	35.70
	23.50
	15.74

	
	50%
	52.34
	41.71
	35.18

	
	95%
	62.23
	58.52
	54.09

	
	Mean
	50.98
	41.19
	34.90

	𝜆 (files/s)
	0.35
	0.50
	0.55



	


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

We can observe that dynamic TDD provides substantial throughput gain against legacy TDD for both UL and DL under light and medium load (𝜆 = 0.35 and 0.5). However, 5% and 50% DL UPT degrades in dynamic TDD. Since the degradation may not only caused by the UE-to-UE interference (the scheduler and DL-UL tradeoff could also be the reason), it is not clear how the UE-to-UE interference impacts the DL throughput. Thus, in the following, we provide observations on the cross-link interference.

Figure 1 shows the DL and UL effective SINR when 𝜆 = 0.55 files/s in dynamic TDD. The blue lines are the effective SINR with cross-link interference, and the green lines are the effective SINR without cross-link interference. We can see that UL effective SINR is not affected by TRP-to-TRP interference, while UE-to-UE interference decreases the DL effective SINR by about 5 dB. In this case, UE-to-UE interference is the problem to solve.
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[bookmark: _Ref466048002]Figure 1 effective SINR distribution

In our previous contribution R1-1612126 [6], we show that TRP-to-TRP interference would be a major problem in dynamic TDD in 4GHz indoor scenario with omni TRP antenna configuration. Thus, we have

Observation 1: With different TRP antenna configuration, the cross-link interference problem would be different. In indoor scenario, with omni TRP antenna configuration, TRP-to-TRP interference is the major issue; while with TRP antenna boresight direction perpendicular to the ceiling, UE-to-UE interference is the problem to solve.

Proposal 1: Dynamic TDD interference mitigation methods should take care of both TRP-to-TRP interference and UE-to-UE interference.


[bookmark: OLE_LINK93][bookmark: OLE_LINK94][bookmark: OLE_LINK44][bookmark: OLE_LINK45]
4. [bookmark: _Ref129681832]Conclusion
In this contribution, we provide initial evaluation results of dynamic TDD in indoor hotspot scenario with 4GHz carrier frequency. We have, 

Observation 1: With different TRP antenna configuration, the cross-link interference problem would be different. In indoor scenario, with omni TRP antenna configuration, TRP-to-TRP interference is the major issue; while with TRP antenna boresight direction perpendicular to the ceiling, UE-to-UE interference is the problem to solve.

Proposal 1: Dynamic TDD interference mitigation methods should take care of both TRP-to-TRP interference and UE-to-UE interference.
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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
	(M,N,P,Mg,Ng) = (4, 4, 2, 1, 1), dH = dV = 0.5; Boresight direction is perpendicular to the ceiling. Antenna model is taken from Wall-mount (90 degree HPBW in azimuth and zenith)

	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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