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1. Introduction

At the RAN #75 meeting, the WI on NR are approved, and the detailed objectives of this work item for NR duplex are the followings [1]: 
	Agreements at RAN #75:
· Duplexing identified in Section 5.1 of TR38.802 supported by a PHY design common to paired and unpaired spectrum, including [RAN1, RAN2, RAN3]:
· Enablers for interference management mechanisms for handling cross-link interference.
· Note: down-selection on enablers for interference management mechanisms is to be discussed in RAN1


Advanced receiver is a candidate for CLI mitigation in dynamic TDD. As advanced receiver, some receiver types can be considered, e.g., MMSE-IRC, EMMSE-IRC and interference cancellation (IC) receiver as captured in TR38.802 [2]. At last meeting, the performance gain of each receiver has been evaluated by different companies [3][4], however, the performance differences among different receiver types are still unclear. In this contribution, we compare the performance of MMSE-IRC, EMMSE-IRC and IC receiver in dynamic TDD and simulation results for MMSE-IRC, EMMSE-IRC and ideal IC receiver are presented.
2. Evaluation methodology for dynamic TDD
2.1 Scenario and simulation assumption
The simulation assumptions for flexible duplex captured in TR38.802 are adopted [2], which is shown in appendix. In addition, the evaluation in our contribution mainly focus on indoor hotspot scenario with following specific assumptions:
Indoor hotspot scenario:
· 12 TRPs in one 120m ×50m office are deployed. 

· Dynamic TDD @30GHz carrier frequency is considered.
For MMSE-IRC and EMMSE-IRC receiver, the performance will highly depend on the accuracy of channel estimation and interference covariance estimation. In our simulation, for MMSE-IRC receiver, ideal channel matrix for serving link is assumed and interference covariance matrix is approximated using a complex Wishart distribution as captured in TR36.829 [5]. For EMMSE-IRC receiver, ideal channel matrix for serving link and all cross links are assumed and interference covariance for other links is approximated using a complex Wishart distribution as captured in TR 36.866 [6]. For comparison, ideal MMSE-IRC is also assumed which means that ideal channel matrix for all links are known. For IC type receiver, ideal IC receiver is assumed in our simulation which mean all interference can be cancelled ideally at the receiver, i.e. upper bound of IC receiver. Considering that the cross-link interference is especially serious in UL, the above receivers are applied at gNB. At the UE side, ideal MMSE-IRC receiver is assumed. In summary, we compared the following four cases:
· Case 1: MMSE-IRC receiver at gNB

· Case 2: EMMSE-IRC receiver at gNB

· Case 3: Ideal MMSE-IRC at gNB

· Case 4: Ideal IC receiver at gNB
2.2 Evaluation results for different receiver
In this section, we provide the evaluation results of different receivers for dynamic TDD interference mitigation in indoor hotspot scenario. In this simulation, the system bandwidth 80MHz and SCS 120kHz are assumed. For both DL and UL, FTP traffic model 1 with packet size 0.5Mbytes is assumed. The DL/UL arrival rate 4:1 is applied in this simulation. At the gNB, RXRU=8 is used as a baseline unless otherwise stated. 
The DL/UL UPT performance for MMSE-IRC, EMMSE-IRC, ideal MMSE-IRC and ideal IC receiver in low load are shown in Table 1. From these results, it can be seen that DL UPT performance achieved by different interference mitigation schemes is almost the same, since the same receiver is used at the UE side. While for UL UPT, the performance of EMMSE-IRC receiver is slightly better than MMSE-IRC receiver. It demonstrates that with more accurate information on cross-link channel at the receiver side, the effect of interference mitigation at the receiver can be improved. In the extreme case, with all channel information known, ideal MMSE-IRC receiver can achieve even better performance gain than EMMSE-IRC. In addition, it can be seen that ideal IC receiver achieves significant performance gain than MMSE-IRC receiver.
Table 1. DL/UL UPT performance for different receiver in low load

	Scenario [Indoor]

	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 (%)

	4:1
	MMSE-IRC
	90.0
	224
	442
	231
	0.999
	22.9
	57.3
	168
	268
	168
	1.00
	27.6

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	EMMSE-IRC
	88.3
	218
	425
	225
	0.999
	22.9
	62.0
	173
	271
	172
	0.995
	27.9

	
	
	-1.84%
	-2.60%
	-3.80%
	-2.54%
	
	
	8.32%
	3.09%
	0.80%
	2.06%
	
	

	
	Ideal MMSE-IRC
	93.2
	224
	409
	227
	0.997
	21.4
	81.0
	216
	326
	211
	1.00
	26.2

	
	
	3.61%
	0.00%
	-7.32%
	-1.80%
	
	
	41.5%
	29.0%
	21.4%
	25.5%
	
	

	
	Ideal IC
	94.3
	219
	425
	229
	1.00
	22.6
	105
	256
	365
	238
	1.00
	19.7

	
	
	4.78%
	-1.96%
	-3.80%
	-1.17%
	
	
	83.7%
	52.7%
	35.9%
	41.5%
	
	

	Note (interference mitigation/cancellation schemes, evaluation assumption, etc):

· Interference mitigation schemes
· At the transmitter, fixed analog beamforming and SVD precoding is applied.

–  At the gNB, MMSE-IRC, eMMSE-IRC, ideal MMSE-IRC and ideal IC receiver is applied, respectively.
· At the UE, ideal MMSE-IRC receiver is applied.
· Ideal channel estimation

· FTP model 1 with 0.5Mbytes


Observation 1:

· In indoor hotspot scenario, EMMSE-IRC has slightly better performance gain than MMSE-IRC receiver in term of UL UPT in low load.
· In indoor hotspot scenario, ideal IC receiver has significant performance gain than MMSE-IRC receiver in term of UL UPT in low load.
3. Summary
In this contribution, we provide some further evaluation results on advanced receiver for dynamic TDD interference mitigation in indoor hotspot scenario. The observations and proposals are summarized as follows.
Observation 1:
· In indoor hotspot scenario, EMMSE-IRC has slightly better performance gain than MMSE-IRC receiver in term of UL UPT in low load.

· In indoor hotspot scenario, ideal IC receiver has significant performance gain than MMSE-IRC receiver in term of UL UPT in low load.
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Appendix
Table 2. Simulation assumptions for indoor hotspot scenario
	Parameters
	Indoor hotspot

	Layout
	Single layer
Indoor floor: (12BSs per 120m x 50m)
Candidate TRP numbers:12

	Inter-BS distance 
	20m

	Carrier frequency 
	30GHz 

	Aggregated system 
bandwidth
	30GHz: 80MHz

	Simulation bandwidth
	20MHz per CC below 6GHz and 80 MHz per CC above 6GHz 
Note: UE TX power scaling will impact final results

	Channel model
	Below 6GHz: ITU InH
Above 6 GHz: 5GCM office 
Note: When 5GCM is found to be applicable to below 6GHz, 5GCM  should be used 

	BS Tx power 
	Below 6GHz: 24dBm PA scaled down with simulation BW when system BW is higher than simulation BW. Otherwise, 24dBm
Above 6GHz: 23 dBm PA scaled down with simulation BW when system BW is higher than simulation BW. Otherwise, 23dBm
EIRP should not exceed 58 dBm(*)

	UE Tx power 
	30GHz: 23dBm
EIRP should not exceed 43 dBm (*)

	BS antenna configurations
	Above 6GHz: 

· Baseline: (M,N,P,Mg,Ng) = (8,16,2,1,1)

	BS antenna height 
	3m

	BS antenna element gain + connector loss
	See Table 3.

	BS receiver noise figure
	Below 6GHz: 5dB

Above 6GHz: 7dB

	UE antenna configuration
	2Tx, 2Rx

	UE antenna height
	Follow TR36.873 

	UE antenna element gain pattern
	Omnidirectional

	UE antenna gain
	Follow the modeling of TR36.873

	UE receiver noise figure
	Below 6GHz: 9dB
Above 6GHz: 13dB (baseline performance)

	Traffic model
	FTP model 1 with packet size 0.5Mbytes. 

	Traffic load (Resource utilization)
	For baseline scheme: 25, 50 and 80% 

Ratio of DL/UL traffic =4:1

	UE distribution
	100% Indoor, 3km/h,
10 users per BS for full buffer traffic

	UE receiver
	MMSE-IRC as the baseline receiver

	Feedback assumption
	Ideal

	Channel estimation
	Ideal


Table 3. BS antenna element gain pattern

	Parameter
	Values

	Single sector
	Antenna element vertical radiation pattern (dB)
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	Antenna element horizontal radiation pattern (dB)
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	Combining method for 3D antenna element pattern (dB)
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	Maximum directional gain of an antenna element GE,max
	5dBi


- 3/4 -

_1544263644.unknown

_1544263664.unknown

_1544263626.unknown

