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Introduction
At the RAN1 #86bis meeting, some aspects on dynamic TDD were discussed and several conclusions and agreements regarding to dynamic TDD were reached for new radio interface [1], including
	Conclusion:
· Continue study considering some or all of the following aspects:
· Deployment scenarios/bands, same-/cross-operator considerations
· Resource assignments and rate adaptations
· Frame structure and HARQ/scheduling timing
· Measurements for cross-link interference management
· Signalling (e.g., OTA, backhaul, UE capability, etc.)
· Cross-link interference management (IC/IS, power control, etc.)
· Centralized vs. distributed interference/resource management
· Beamforming/MIMO
· Duplex modes (e.g., FDD/TDD, FDM/TDM, etc.)
· Latency reduction
· Whether or not LTE interference/resource management can be used as a starting point (as applicable)
· Sensing
· RS design
· Advanced receiver
· Timing alignment between DL and UL 
Agreements:
· Strive for a common framework for cross-link interference mitigation schemes for both paired and unpaired spectra



In our previous contributions [2][3], we investigated the characteristics of cross-link interference for dynamic TDD under different NR deployment scenarios, e.g., indoor hotspot, urban macro and dense urban. In [4], we also presented some initial evaluation results for dynamic TDD together with massive MIMO. In this contribution, we investigate the impact of massive MIMO and interference suppression in dynamic TDD for dense urban scenario. 
Interference management of dynamic TDD for NR
                
Fig.1 Example of cross-link interference                       

Dynamic TDD provides an effective solution to the traffic adaptation. However, it also introduces additional kinds of interference, i.e., cross-link interference between gNB and gNB, UE and UE, due to the fact that neighbouring cells may have different transmission directions at any given time. Fig.1 shows an example of cross-link interference.

Massive MIMO will be a default technique for NR at higher carrier frequencies (e.g., 30GHz) and it is one of the promising way to improve the system performance since it can increase the desired signal power, and reduce the interference to other BSs/UEs by beamforming. However, it is not very clear yet whether massive MIMO/beamforming can efficiently reduce the cross-link interference in NR dynamic TDD. The impact of cross-link interference considering massive MIMO/beamforming deserves carefully study and related simulation works are needed.

In addition, interference suppression is an effective technique to mitigation the interference at the receiver. For example, BS can suppress the interference from neighboured BSs by using advanced receiver, e.g., MMSE-IRC for UL transmission. Meanwhile, UE can suppress the interference from neighboured UEs by using advanced receiver for DL transmission.

Proposal 1: 
· Following interference management should be studied with high priority for dynamic TDD in NR:
· Massive MIMO/beamforming
· Interference suppression

Evaluation methodology for dynamic TDD
3.1 Scenarios and simulation assumptions
Taking into account the simulation assumptions related to dynamic TDD agreed in RAN1#86 meeting as shown in the appendix, we focus on dense urban scenario with the following specific assumptions:
· 4GHz carrier frequency is used at macro cells
· 30GHz carrier frequency is used at micro-cells
· Each UE measures these two frequencies and select one cell based on RSRP/RSRQ
· DL/UL SINR of UEs attached on 30GHz micro-cells are measured
In this scenario, we consider one macro cell with three sectors and three micro BSs are randomly dropped in a sector. Consequently, there are nine micro BSs in the network.
Furthermore, to evaluate the interference mitigation effect of massive MIMO/beamforming and interference suppression, a preliminary beamforming schemes, e.g., fixed analog beamforming and SVD-based digital beamforming, are adopted at the BS side for DL, and SVD-based precoding is applied at the UE side for UL. At the receiver, unless otherwise stated, MMSE-IRC receiver is used for both DL and UL.
3.2 Initial evaluation results
In this section, we investigate the impact of massive MIMO beamforming and interference suppression in dynamic TDD. For massive MIMO beamforming, the impact of TXRU number in dynamic TDD is investigated and the results in static TDD without cross-link interference are also presented for comparison. For interference suppression, the impact of MMSE-IRC receiver is investigated. For comparison, MMSE receiver is used as a benchmark. Similar to the evaluation method in eIMTA, it is assumed that gNB determines whether a subframe is DL or UL randomly with a probability DL:UL = 4:1. Besides, the number of antenna elements at macro BSs are 128 and the number of antenna elements at micro BSs is 256 unless otherwise specified. For both DL and UL, FTP traffic model 1 with packet size 0.5Mbytes is assumed. RU of 25% (low load), 50% (medium load) and 80% (high load) are evaluated.

In our simulation, system bandwidth of 80MHz and subcarrier spacing (SCS) of 120kHz are assumed. To reduce the simulation complexity, simulation bandwidth of 1.6MHz, e.g., a subband, is applied.

To evaluate the impact of TXRU number, different TXRU mapping patterns for a given antenna configuration is simulated as follows:

· Alt 1: a single TXRU is mapped per panel per polarization, in this case, the number of TXRU is 8 for antenna configuration (M,N,P,Mg,Ng)=(4,8,2,2,2);

· Alt2: a single TXRU is mapped per panel per subarray per polarization, where a subarray consists of consecutive M/2 vertical antennas and N/2 horizontal antennas with the same polarization, in this case, the number of TXRU is 32 for antenna configuration (M,N,P,Mg,Ng)=(4,8,2,2,2).


   
Fig.1 Impact of TXRU in DL for low load              Fig.2 Impact of TXRU in UL for low load
   
            Fig.3 Impact of TXRU in DL for medium load            Fig.4 Impact of TXRU in UL for medium load
   
    Fig.5 Impact of TXRU in DL for high load                   Fig.6 Impact of TXRU in UL for high load

Figures 1-6 show the DL and UL SINR results of different number of TXRU for both static TDD and dynamic TDD. From these figures, it can be seen that for both static TDD and dynamic TDD, the SINR performance becomes better with the increase of TXRU number. The performance gain brought by increasing the TXRU number is almost the same for medium load and high load. While, the UL SINR performance gain of dynamic TDD brought by increasing the TXRU number is larger than that of static TDD for low load.

Observation 1:
· For both static TDD and dynamic TDD, under the assumption of fixed analog beamforming, DL and UL SINR performance can be improved with the increase of TXRU number.

· The UL SINR performance gain of dynamic TDD is larger than that of static TDD when increasing the TXRU number.

To evaluate the impact of interference suppression at the receive side, the SINR performance of MMSE-IRC receiver and MMSE receiver is evaluated.
        
Fig.5 DL SINR performance of MMSE v.s. IRC          Fig.6 UL SINR performance of MMSE v.s. IRC
Figures 5 and 6 show the DL and UL SINR results for different receiver types, e.g., MMSE and MMSE-IRC. Note that BS antenna configuration in this evaluation is Alt. 2. From these results, it can be seen that for both static TDD and dynamic TDD, the receiving process has little influence on the DL SINR. However, for dynamic TDD, the MMSE-IRC receiver achieves significant SINR performance gain (about 10-40dB) than MMSE receiver in UL. 
Observation 2:
· Compared with MMSE receiver, MMSE-IRC receiver significantly mitigates the BS-BS interference in dynamic TDD.


Summary
In this contribution, we investigate the impact of massive MIMO and interference suppression and present some initial results for dynamic TDD. The observations and proposals are summarized as follows.

Proposal 1: 
· Following interference management should be studied with high priority for dynamic TDD in NR:
· Massive MIMO/beamforming
· Interference suppression

Observation 1:
· For both static TDD and dynamic TDD, under the assumption of fixed analog beamforming, DL and UL SINR performance can be improved with the increase of TXRU number.

· The UL SINR performance gain of dynamic TDD is larger than that of static TDD when increasing the TXRU number.

Observation 2:
· Compared with MMSE receiver, MMSE-IRC receiver significantly mitigates the BS-BS interference in dynamic TDD.
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Appendix
Table I. Simulation assumptions
	Parameters
	Values

	Scenario
	Dense urban

	Layout
	Two layer:
·  Macro layer: Hex. Grid
·  Micro layer: Random drop (All micro BSs are outdoor)
·  3 micro BSs per macro BS

	Inter-BS distance
	Macro-to-macro: 200m
Macro-to-micro: 105m [TR36.897]
Micro-to-micro: 40m

	Minimum BS-UE (2D) distance
	Macro-to-UE: 35m [TR36.897]
Micro-to-UE: 10m [TR36.897]

	Minimum UE-UE (2D) distance
	3m [TR36.843]

	Carrier frequency
	Macro layer: 4 GHz, 30 GHz [TR38.913]
Micro layer: 4 GHz, 30 GHz

	Aggregated system 
bandwidth
	4GHz: Up to 200MHz (DL+UL) 
30GHz: Up to1GHz (DL+UL)

	Simulation bandwidth
	1.6MHz

	Channel model
	Below 6GHz:
·  Macro-to-UE: 3D UMa
·  Micro-to-UE: 3D UMi
·  Macro-to-Macro: 3D UMa O-to-O (h_UE=25m) ASA and ZSA statistics* updated to be the same as ASD and ZSD; ZoD offset = 0
·  Macro-to-Micro: 3D UMa O-to-O
·  Micro-to-Micro: 3D UMi O-to-O (h_UE=10m), ASA and ZSA statistics updated to be the same as ASD and ZSD; ZoD offset = 0
·  UE-to-UE: InH for indoor to indoor, and 3D Umi for other cases. ASD and ZSD statistics updated to be the same as ASA and ZSA. 
Above 6GHz:
·  Macro-to-UE: 5GCM UMa
·  Micro-to-UE: 5GCM UMi
·  Macro-to-Macro: 5GCM UMa O-to-O (h_UE=25m); ASA and ZSA statistics updated to be the same as ASD and ZSD; ZoD offset = 0
·  Macro-to-Micro: 5GCM UMa O-to-O
·  Micro-to-Micro: 5GCM UMi O-to-O (h_UE=10m); ASA and ZSA statistics updated to be the same as ASD and ZSD; ZoD offset = 0
· UE-to-UE: 5GCM UMi; ASD and ZSD statistics updated to be the same as ASA and ZSA.  

	BS Tx power
	Below 6GHz: 44 dBm PA scaled with simulation BW when system BW is higher than simulation BW. Otherwise, 44 dBm
Above 6GHz: 33 dBm PA scaled down with simulation BW when system BW is higher than simulation BW. Otherwise, 33 dBm

	UE Tx power
	23 dBm

	BS antenna configuration
	Below 6GHz:
·  Baseline: (M,N,P,Mg,Ng)=(8,8,2,1,1) (dH,dV)=(0.5,0.8)λ
Above 6GHz:
·  Baseline: (M,N,P,Mg,Ng)=(4,8,2,2,2) (dH,dV,dH,g,dV,g)=(0.5,0.5,4.0,2.0)λ

	BS antenna height
	Macro: 25m
Micro: 10m

	BS antenna element gain pattern
	Below 6GHz:
According to TR36.873
Above 6GHz: 
According to table II

	BS antenna element gain + connector loss
	8 dBi

	BS receiver noise figure
	Below 6GHz: 5 dB
Above 6GHz: 7 dB

	UE antenna configuration
	2Tx, 2Rx

	UE antenna height
	hUT=3(nfl-1)+1.5
nfl for outdoor UEs: 1
nfl for indoor UEs: nfl~uniform(1,Nfl) where Nfl~uniform(4,8)

	UE antenna gain
	Follow the modeling of TR36.873

	UE antenna element gain pattern
	[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Omnidirectional

	UE receiver noise figure
	Below 6GHz: 9 dB
Above 6GHz: 13 dB

	Traffic model
	FTP traffic model 1 with packet size 0.5Mbytes
Ratio of DL/UL traffic = {1:1}, {2:1}, {4:1}

	UE distribution
	80% indoor (3km/h) and 20% outdoor (30km/h)

	UE receiver
	MMSE-IRC as the baseline receiver

	BS receiver 
	MMSE-IRC as the baseline receiver

	Feedback assumption
	Realistic

	Channel estimation
	Realistic



Table II. BS antenna element gain pattern
	Parameter
	Values

	Antenna element vertical radiation pattern (dB)
	
　

	Antenna element horizontal radiation pattern (dB)
	
　

	Combining method for 3D antenna element pattern (dB)
	
　

	Maximum directional gain of an antenna element GE,max
	8 dBi
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