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1. Introduction
In RAN1#87 [1], 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 this contribution, we provide evaluation results for the indoor hotspot scenario. We would show the benefit of introducing LBT mechanism in dynamic TDD system.
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In this contribution, we evaluate dynamic TDD system for indoor hotspot scenario. We follow the evaluation assumptions in TR38.802 [2], and the detailed evaluation assumptions are listed in Appendix A.
We study the following schemes in this contribution:
· Static TDD
We simulate static TDD with TDD configuration 3 (DL:UL = 7:3) 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 for static TDD because DL and UL spectrum efficiency is different (BS: 2Tx 2Rx; UE: 1Tx 2Rx), and TDD configuration 3 is closest 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 coordination and interference mitigation method in this system.
 
· Dynamic TDD with LBT
In this dynamic TDD system, each TRP in the scenario dynamically allocate DL and UL resources based on their DL and UL buffer status. Since we use the omni antenna model with (M,N,P,Mg,Ng) = (1, 1, 2, 1, 1), the TRP-to-TRP interference would be the problem to solve. We would introduce the following LBT mechanism to protect the UL transmission: 
1. UL TRP transmits a busy tone before receiving UL data.
2. DL TRP senses the busy tone from UL TRP and compares the sensed power to ED-threshold to decide transmission or not. 

Note that UL TRP can adjust the busy tone power to have different level of protection. For example, consider the case shown in Figure 1. 
Assume:
PTRP = the max tx power of TRP 
S = the estimated desired signal strength from UL UE to UL TRP
E = pre-defined ED threshold
H = Coupling gain between DL TRP and UL TRP including antenna gains

The sensed power at DL TRP is Pbusytone + H (calculated in dB domain), and the possible interference to UL data at UL TRP would be PTRP+H. Now, if UL TRP wants to have a minimum requirement for  SIR of the UL data, we would like to derive the power of busy tone (Pbusytone). We have
1. PTRP + H < S – SIR = the maximum tolerable interference power (dB)
2. Pbusytone + H < E (the energy detection criterion)
If we let Pbusytone = PTRP + E – S + SIR, we can guarantee the interference level at UL TRP is less than S – SIR. Since PTRP is the max tx power, E should be chosen properly to let Pbusytone have a wide operating range.

The desired SIR value can be selected by each TRP.


[bookmark: _Ref474231351]Figure 1 An example of sensing based scheme

The overhead assumptions used in the simulation are listed in Table 1. 
[bookmark: _Ref473904638]Table 1. Overhead assumptions
	
	Overhead

	DL slot
(14 symbols)
	DL control channel : 1 symbol
UL control channel : 1 symbol
GP : 1 symbol
DMRS : 8 REs

	UL slot
(14 symbols)
	DL control channel : 1 symbol
UL control channel : 1 symbol
GP : 1 symbol
DMRS : 8 REs





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


	Indoor hotspot (light load)

	Ratio of DL/UL traffic
	Feature
	DL UPT (Mbps)
	UL UPT (Mbps)

	
	
	5%-tile
	50%-tile
	95%-tile
	Average
	Served/
offered packets
	RU (%)
	5%-tile
	50%-tile
	95%-tile
	Average
	Served/
offered packets
	RU (%)

	DL:UL= 4:1
	Static TDD
	22.27
	38.46
	60.57
	39.51
	0.99
	15.7
	8.15
	13.60
	17.07
	13.31
	0.99
	4.2

	
	Dynamic TDD 
	37.28
	60.55
	88.13
	61.93
	0.99
	13.3
	12.69
	29.02
	47.68
	29.73
	0.99
	6.9

	
	Dynamic TDD with DL LBT
	33.75
	54.77
	82.16
	55.21
	0.99
	13.4
	16.23
	33.29
	49.28
	33.08
	0.99
	4.7



	Indoor hotspot (medium load)

	Ratio of DL/UL traffic
	Feature
	DL UPT (Mbps)
	UL UPT (Mbps)

	
	
	5%-tile
	50%-tile
	95%-tile
	Average
	Served/
offered packets
	RU (%)
	5%-tile
	50%-tile
	95%-tile
	Average
	Served/
offered packets
	RU (%)

	DL:UL= 4:1
	Static TDD
	13.25
	25.30
	43.25
	26.72
	0.99
	25.0
	6.04
	11.88
	16.55
	11.63
	0.99
	5.8

	
	Dynamic TDD 
	17.82
	42.01
	66.32
	42.46
	0.99
	21.3
	4.65
	17.70
	38.02
	19.19
	0.99
	13.6

	
	Dynamic TDD with DL LBT
	17.35
	35.24
	61.04
	36.55
	0.99
	21.4
	7.24
	23.53
	41.53
	23.74
	0.99
	6.9



We can observe that dynamic TDD with LBT has better UL performance but worse DL performance as a tradeoff. This is not a surprising result since some DL slot would be prevented from transmission base on the detected power. It is worth noting that UL has substantial improvement on the 5%-tile throughput when LBT is introduced (28% in light load and 56% in medium load). On the other hand, the DL 5%-tile throughput loss is relatively small (9% in light load and 3% in medium load).

Observation 1: With DL LBT mechanism, UL can have substantial improvement on the 5%-tile throughput; while the DL 5%-tile throughput loss is relatively small.

Based on the observation, LBT would be a promising interference mitigation method for the cell edge users. Thus we have

Proposal 1: Sensing based interference mitigation method should be supported in dynamic TDD system.


In the following, simulation results are provided to demonstrate the benefits of OTA signaling. 

We consider two cases: 
· in case 1, on a carrier, there are two operators operating their cells. Each operator coordinates transmission for its cells through an ideal backhaul; and there is no coordination between cells from different operators;  
· in case 2, on a carrier, two operators coordinate their transmission through OTA signaling. 

We note such a deployment can arise on shared spectrum e.g. over the CBRS band in US (the “3.5 GHz” band).



	Indoor hotspot

	Ratio of DL/UL traffic
	Feature
	DL UPT (Mbps)
	UL UPT (Mbps)

	
	
	5%-tile
	50%-tile
	95%-tile
	Average
	Served/
offered packets
	RU (%)
	5%-tile
	50%-tile
	95%-tile
	Average
	Served/
offered packets
	RU (%)

	DL:UL= 4:1
	Dynamic TDD with OTA for all cells
	18.17
	38.18
	63.79
	39.56
	0.99
	17.9
	2.53
	6.00
	13.84
	6.78
	0.99
	28.0

	
	Dynamic TDD with backhaul among cells under one operator
	4.28
	22.37
	47.75
	23.84
	0.99
	23.5
	0.77
	2.59
	7.02
	3.11
	0.99
	37.5








Figure 2 Layout for two operators operating their cells

The coordination transmission method is that all TRPs in the coordination group will decide a common DL:UL configuration. Each TRP   follows the configuration to schedule the transmission direction of its traffic when it has bi-directional traffic (i.e. DL traffic buffer is not empty and UL traffic buffer(s) is not empty). When it has only uni-directional traffic, it does not need to follow the common configuration.  For example, a TRP would transmit DL traffic in an UL slot if the TRP does not have any UL traffic. We assume that the common DL:UL configuration updates every 80ms among coordination cells.

For UE transmit power control parameters, P0=-75dBm and α=0.8 are assumed for the following simulation results.


	Indoor hotspot

	Ratio of DL/UL traffic
	Feature
	DL UPT (Mbps)
	UL UPT (Mbps)

	
	
	5%-tile
	50%-tile
	95%-tile
	Average
	Served/
offered packets
	RU (%)
	5%-tile
	50%-tile
	95%-tile
	Average
	Served/
offered packets
	RU (%)

	DL:UL= 4:1
	Static TDD
	12.73
	25.29
	43.35
	26.59
	0.99
	25.1
	6.17
	11.88
	16.58
	11.63
	0.99
	6.1

	
	Dynamic TDD with OTA for all cells
	18.17
	38.18
	63.79
	39.56
	0.99
	17.9
	2.53
	6.00
	13.84
	6.78
	0.99
	28.0

	
	Dynamic TDD with backhaul among cells under one operator
	4.28
	22.37
	47.75
	23.84
	0.99
	23.5
	0.77
	2.59
	7.02
	3.11
	0.99
	37.5



[bookmark: _GoBack]We can observe that with OTA signaling based coordination, both DL and UL UPT have better performance than dynamic TDD with backhaul based coordination among cells under one operator. Thus, OTA signaling should be supported in dynamic TDD system. 

It is worth noting that dynamic TDD has worse UL UPT than static TDD. That is because the UL transmission does not have enough protection from cross-link interference with merely transmission direction coordination. Other techniques can be considered to improve the uplink performance with dynamic TDD. 


We have 

Proposal 2: Network coordination through OTA signaling should be supported in NR.


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

Observation 1: With DL LBT mechanism, UL can have substantial improvement on the 5%-tile throughput; while the DL 5%-tile throughput loss is relatively small.

Proposal 1: Sensing based interference mitigation method should be supported in dynamic TDD system.

Proposal 2: Network coordination through OTA signaling should be supported in NR.
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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

DL and UL resource allocation is based on DL and UL buffer status.
If DL buffer size > UL buffer size, then schedule DL, and vice versa.
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