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1. Introduction

In the RAN1 #86 meeting, the evaluation methodologies and assumptions on dynamic TDD were discussed and several WFs regarding to dynamic TDD evaluation were agreed for new radio interface [1], including
	Agreements:
· 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

· The WF in R1-168372[3] is agreed with the following update:

· The assumption in [3] is used as starting point for flexible duplex evaluation, and further update might be made.

· The WF in R1-168373[4] is agreed with the following update:

·  The assumption in [4] is used as starting point for flexible duplex evaluation, and further update might be made.


In our companion contributions [5][6], the impact of NR-specific factors such as higher carrier frequencies, wider system bandwidths and various subcarrier spacing was investigated under several promising NR scenarios, e.g., indoor hotspot, urban macro and dense urban. In this contribution, we present some initial DL/UL SINR results in terms of massive MIMO for dense urban scenario.
2. Necessity of massive MIMO beamforming in dynamic TDD for NR
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Fig.1 Example of cross-link interference                       
Dynamic TDD provide an effective solution to the traffic adaptation. However, it also introduces additional kinds of interference, i.e., cross-link interference between eNB and eNB, 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 beamforming 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 UEs. 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.

Proposal 1: 
· The impact of cross-link interference of dynamic TDD in NR should be studied taking into account massive MIMO beamforming.

3. 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
3.2 Initial evaluation results
In this section, we present our initial results regarding to massive MIMO/beamforming in dense urban scenario, and the results in static TDD without cross-link interference are also presented for comparison. Similar to the evaluation method in eIMTA, it is assumed that eNB determines whether a subframe is DL or UL randomly with a probability DL:UL = {1:1, 2:1 or 4:1}. For each scheduled UE in DL, BS applies SVD precoding. The number of Tx antenna elements at macro and micro BSs are 128 and 256, respectively. For DL, UE applies MMSE-IRC receiver using 2 Rx antenna elements. For each scheduled UE in UL, UE transmits signals by using 2 Tx antennas and BS applies MMSE-IRC receiver using 256/128 antenna elements. For both DL and UL, FTP traffic model 1 with packet size 0.5Mbytes is assumed. RU of 25% (low load) and 80% (high load) are evaluated.
Before evaluating dynamic TDD, in order to observe the impact of TXRU mapping in massive MIMO, below we present the DL/UL SINR for static TDD under different TXRU mapping pattern in Fig.1 and Fig.2. The following TXRU mapping are used:
Alt1: 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).

From these results, it can be seen that with the increase of TXRU number, both DL and UL SINR performance can be improved. Almost 3dB gain for DL and 5dB gain for UL can be achieved respectively by larger TXRU number. 
Observation 1:

· For fixed down-tilt, with the increase of TXRU number, DL and UL SINR performance can be improved.
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Fig.1 Impact of TXRU in DL                                                    Fig.2 Impact of TXRU in UL

With Alt.2, we evaluate dynamic TDD below. System bandwidth of 80MHz and subcarrier-spacing (SCS) of 120kHz are assumed. In Figures 3-6, the DL and UL SINR performance for the scenario described in section 3.1 are presented. In this scenario, we consider one macro cell with three sectors and three micro BS are randomly dropped in a sector. As a consequence, there are 9 micro BSs in the network. In addition, the simulation bandwidth for a subband, i.e., 1.6MHz, is used to observe the impact of massive MIMO/beamforming.
Fig.3 and Fig.4 show the DL and UL SINR results for different DL and UL traffic ratio in low load. Here the static TDD with UL-DL configuration 2 is used as a benchmark. For DL, it can be seen that the DL SINR performance for dynamic TDD outperforms that of static TDD after taking massive MIMO and beamforming into consideration. This is because dynamic TDD can adapt the traffic variation more flexibly. For UL, the SINR performance of dynamic TDD is worse than that of static TDD due to strong BS-BS interference even when massive MIMO and beamforming is considered. However, the SINR performance gap between static TDD and dynamic TDD reduces significantly by using massive MIMO and beamforming, compared with the geometry performance gap in our companion contribution [6].
Figures 5-6 show the SINR performance for high load. Similar to that observed for low load, DL dynamic TDD performance is better than static TDD, and UL dynamic TDD is worse than that of static TDD.
Overall, from all the evaluation results, it can be seen that using the simplified simulation, the SINR performance gap between dynamic TDD and static TDD can be reduced to 2-5dB for UL. In addition, the impact of DL/UL traffic load ratio on dynamic TDD performance is not so much. In this case, the interference does not have so much impact on the SINR performance when massive MIMO and beamforming is considered. 
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Fig.3 DL SINR for low load                                               Fig.4 UL SINR for low load
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Fig.5 DL SINR for high load                                               Fig.6 UL SINR for high load

Compared with the geometry performance gap in our companion contribution [6], following observation can be obtained for SINR performance when taking massive MIMO and beamforming into consideration:
Observation 2: 
· It is observed based on the initial simplified evaluation results that the SINR performance gap between dynamic TDD and static TDD in UL can be significantly reduced compared to the geometry gap.
3.3 Discussion on the simulation complexity
For the evaluation of dynamic TDD and massive MIMO in dense urban scenario, the simulation complexity is extremely high, and this should be resolved for further investigation. There are some reasons that lead to very high simulation complexity. First, the link number increases significantly due to the introduction of cross-link in dynamic TDD. Second, the number of antennas increase significantly when massive MIMO is applied. When the above characteristics are considered, the complexity for small-scale fading becomes considerable. In this contribution, some simplified methods are used as shown below:
· The number of ring for computing SINR is reduced
· The number of strong interference links for computing SINR is reduced
· Subband-based method is used, i.e., the simulation bandwidth is set to a very narrow subband bandwidth

To make further progress on the performance evaluation on dynamic TDD, RAN1 need to consider some simplification on the dynamic TDD evaluation in NR.
Observation 3:

· Consider some simplifications on the dynamic TDD evaluation for NR.
4. Summary
In this contribution, we present some initial results for dynamic TDD. The observations and proposals are summarized as follows.
Proposal 1: 
· The impact of cross-link interference of dynamic TDD in NR should be studied taking into account massive MIMO beamforming.

Observation 1:

· For fixed down-tilt, with the increase of TXRU number, DL and UL SINR performance can be improved.

Observation 2: 
· It is observed based on the initial simplified evaluation results that the SINR performance gap between dynamic TDD and static TDD in UL can be significantly reduced compared to the geometry gap.
Observation 3:

· Consider some simplifications on the dynamic TDD evaluation for NR.
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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
	20MHz per CC below 6GHz and 80 MHz per CC above 6GHz 
Note: For FDD, simulation BW is split equally between UL and DL
Note: UE TX power scaling will impact final results

	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
	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)
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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
	8 dBi
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