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1 Introduction
During the NR study item, it was included that “NR supports … TDD operation on an unpaired spectrum where the transmission direction of most time resources can be dynamically changing. DL and UL transmission directions at least for data can be dynamically assigned on a per-slot basis at least in a TDM manner.’’. At RAN#75 [1], according to the outcome of the study item, the NR should specify the enablers for interference management mechanisms for handling cross-link interference.
The following agreement was made during the last meetings [3]

 REF _Ref485345534 \n \h 
[4]:
Agreements [3]:
· For cross link interference mitigation, 

· Further consider UE-UE measurement and reporting, and TRP-TRP measurement

· Details FFS, including at least the RS for measurement, the metric for measurement (e.g., RSRP), long-term vs. short-term, etc., especially considering consistency with other NR topics

· Aim in RAN1#89 to come up with detailed option(s) including potential down-selecting from the list concluded from the SI

· Once the detailed option(s) is available, decide whether or to support this feature 

· For the case of TRP-TRP measurement, study whether or not there is additional RAN1 specification impact

· Further consider other aspects, e.g., power control, sensing, timing related handling, etc.

Agreements [4]:
· Companies are encouraged to provide more details on and to further evaluate enablers for CLI management using an existing RS covering UE-to-UE interference 

· Details for the enablers, including:

· detailed configurations (RS time/frequency positions, periodicity, # of ports, bandwidth, etc.)

· detailed reporting 

· performance metrics

· long-term and/or short-term

· timing offset considerations

· overhead

· whether or not to identify the aggressor(s)

· whether or not to use the same framework as in MIMO (if so, how)

· Aim to make a decision whether or not to support CLI management using an existing RS covering UE-to-UE interference in the next RAN1 meeting and if so, the details

· Companies are encouraged to provide more details on and to further evaluate enablers for CLI management using an existing RS covering TRP-to-TRP interference 
Conclusion:

· Study further whether or not at least the following information is provided among gNBs via backhaul signaling: 

· Configurations of reference signal for CLI management, which is transmitted from gNBs

· FFS Details

· Also the connection with TRP-to-TRP measurement

In this paper, we focus on the impact of measurement based enablers for cross-link interference mitigation. For this purpose, the performance of the hybrid TDD scheme is examined by applying measurement based triggers.
2 Discussions

In order to investigate the impact of measurements based enablers for CLI, we have examined the performance of the hybrid TDD scheme when measurement based triggers are applied. With respect to measurements, we consider two options: CLI measurement and SINR measurement. The system level performance operating with dynamic TDD or static TDD is evaluated and provided as the reference which is compared to the operation based on the hybrid TDD. We have compared measurement based triggers for hybrid TDD as compared to the default trigger, i.e. switch based on buffer status.

2.1 Simulation assumptions

The deployment scenario considered here is the Indoor hotspot for 3 TRPs as described in [2] where additional modifications based on the agreements in RAN1#86 are taken into account. Moreover, ceiling mounted TRP deployments based on Option 1 in with 32 antenna elements is adopted while Omni-directional antennas with 2x2 MIMO are considered at the UE. More details on simulation assumptions are provided in Table 1 in the Appendix. 

The following TDD options are considered for the system level evaluations:

· Dynamic TDD

A TDD scheme where the direction of transmission is not fixed on any resource in a static or semi-static manner and can be changed dynamically between DL and UL. In the evaluation, depending on the incoming traffic and the scheduler decision, any slot can carry DL or UL traffic. 

Operation based on dynamic TDD is expected to cause so-called cross-link interference where the dominant interference for a transmission in one direction (e.g., downlink) is caused by another transmission in the other direction (e.g., uplink).

· Static TDD

A coordinated TDD scheme where the DL:UL ratio for the allocated slots is fixed for some period of time and the same DL:UL ratio is used by all nodes in the network. This scheme is equivalent to the traditional legacy TDD. In other words, the number of DL slots followed by UL slots are the same and synchronous across all the nodes in the network.

Operation based on static TDD is immune to so-called cross-link interference while the DL to UL ratio for the allocated slots follows a static or semi-static structure that is matched to the long term statistics of the incoming DL to UL traffic ratio.

· Hybrid TDD based on buffer status

Baseline hybrid TDD where the switch between dynamic and static TDD is based on the buffer status. One trigger for the mode switch is the presence of mixed traffic. At a given cell, if both downlink and uplink traffic exists, the TDD mode is switched to the static TDD mode. With the presence of unidirectional traffic, the TDD mode is switched back to the dynamic TDD. 

· Hybrid TDD based on SINR measurement

Hybrid TDD where the switch between dynamic and static TDD is based on the SINR measurement. The SINR is measured and compared to a threshold. As long as the measurement exceeds the threshold dynamic TDD is applied. Otherwise static TDD is applied.

· Hybrid TDD based on CLI measurement

Hybrid TDD where the switch between dynamic and static TDD is based on CLI measurement. The CLI is measured and compared to a threshold. If the measurement exceeds the threshold static TDD is applied. Otherwise dynamic TDD is applied.

The simulations are carried out for the case with DL:UL traffic ratio of 1:1 where every other slot is DL or UL in a synchronous manner across all the nodes. 

From our point of view, it is important to understand firstly if utilizing measurements for the purpose of CLI mitigation is necessary and secondly which type of measurements are more beneficial. Hence we have used the following idealistic assumptions to find the answers to these questions without focusing on the implications of performing such measurements. Therefore, we have assumed that for the hybrid TDD schemes where measurements are used, the corresponding measurements are performed at both UE and gNB and all the measurement information is available at gNB. Moreover, we have assumed that the measurements are made and reported every slot. Also the gNB relies on the latest measurement. It should be emphasized that these assumptions are clearly idealistic.
2.2 Simulation results and analysis
 Figure 1 and Figure 2 provide an overview of the performance of the TDD schemes with respect to mean and cell-edge user throughput, for symmetric traffic between DL and UL. The following observations can be made based on the performance evaluation.
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Figure 1:The mean user throughput vs. served traffic per TRP for NR Indoor hotspot scenario at 30GHz with 12 TRP per floor with DL:UL traffic ratio of 1:1 and file size 0.5 MB. The left and right plots correspond to the DL and UL user throughput, respectively.
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Figure 2: The 5th%-ile throughput vs. served traffic per TRP for NR Indoor hotspot scenario at 30GHz with 12 TRP per floor with DL:UL traffic ratio of 1:1 and file size 0.5 MB. The left and right plots correspond to the DL and UL user throughput, respectively.
Observations:
· Hybrid TDD based on buffer status provides comparable, and in some cases better performance than other schemes.

· Hybrid TDD based on measurements provides comparable performance at low and medium loads as compared to the hybrid TDD based on buffer status.
· Hybrid TDD based on measurements provides inferior performance at high loads as compared to the hybrid TDD based on buffer status.

· Measurements based on SINR are more beneficial than measurements based on CLI.

Therefore, from our point of view, the hybrid TDD solution based on buffer status is a robust and simple scheme which fully exploits the benefit of using dynamic TDD with sufficient cross-link interference management to operate in various load ranges. This observation leads to the following conclusion.

Conclusion: Hybrid TDD based on buffer status is a robust solution for cross-link interference management in NR.
3 Conclusions

In this contribution, we focused on the impact of measurement based enablers for cross-link interference mitigation. It is important to understand, firstly, if utilizing measurements for the purpose of CLI mitigation is necessary, and secondly, which type of measurements are more beneficial. For this purpose, the performance of the hybrid TDD scheme was examined by applying measurement based triggers where both SINR and CLI were used for measurements. Based on our investigations we made the following observations and conclusions:
Observations:

· Hybrid TDD based on buffer status provides comparable and some cases better performance that other schemes.

· Hybrid TDD based on measurements provides comparable performance at low and medium loads as compared to the hybrid TDD based on buffer status.

· Hybrid TDD based on measurements provides inferior performance at high loads as compared to the hybrid TDD based on buffer status.

· Measurements based on SINR are more beneficial than measurement based on CLI.

Conclusion: Hybrid TDD based on buffer status is a robust solution for cross-link interference management in NR.
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5 Appendix

Table 1: Additional simulation assumptions for Indoor hotspot
	Layout
	Single layer

Indoor floor: (120m x 50m)

Candidate TRP numbers:  12
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	Inter-BS distance
	20m for 12 TRP

	Minimum BS-UE distance
	0m 

	System bandwidth per carrier
	80MHz

	Carrier frequency 
	30GHz

	Sub-carrier spacing
	60kHz

	Slot duration
	0.25ms

	Distance-dependent path loss
	TRP-to-UE: 5GCM Indoor-office
-TRP-to-UE: 5GCM Indoor-office (h_UE=3m)

-UE-to-UE: 5GCM Indoor-office (h_BS=1.5m)

	BS antenna pattern
	64 antenna elements. Boresight direction is perpendicular to the ceiling. Antenna model is taken from Wall-mount (90 degree HPBW in azimuth and zenith) in Table A.2.1.7 in [2]Error! Reference source not found.
· Antenna array baseline configuration:

·  (M,N,P,Mg,Ng) = (4, 8, 2, 1, 1) , dH = dV = 0.5 lambda for 30GHz

	BS Tx power
	23dBm PA scaled down with simulation BW when system BW is higher than simulation BW. Otherwise, 23dBm

	UE Tx power
	23dBm

	BS antenna height
	3m

	BS antenna gain + connector loss
	5dBi

	BS receiver noise figure
	7dB

	UE antenna height
	1.5m

	UE antenna configuration
	Directional antenna with random horizontal orientation

	UE receiver noise figure
	10dB

	UE receiver
	MMSE-IRC as the baseline receiver

	Feedback assumption
	Realistic

	Channel estimation
	Realistic

	MCS and link adaptation
	Realistic link adaptation with CQI feedback delay of 5ms

	Traffic model
	FTP model 3 with packet size 0.1 and 0.5Mbytes

	Traffic load (resource utilization)
	For baseline scheme: 25, 50 and 80% (other value is not precluded)

	UE distribution

	100% Indoor, 3km/h,
10 users per BS

	UE-UE minimum distance (2D distance)
	3m 



