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1 Introduction
In RAN1#86bis, it was concluded that further studies in the area of duplexing and interference management should take into account various factors. In this contribution, we present performance evaluations for dynamic and static TDD for the 30 GHz Indoor hotspot evaluation scenario. The performance evaluations for the 4 GHz Indoor hotspot evaluation scenario is presented in our companion contribution [4].
2 Discussion
2.1 Simulation assumptions
In this section the detailed assumptions used for the system level simulations are provided The evaluation set up is similar to that used in [4] except for the fact that we use the 12 TRP Indoor layout instead of the 3 TRP layout that was used in the 4 GHz case. This is motivated by the higher expected path loss at 30 GHz. Notably, in spite of the greater density of TRPs, the pathloss to the served users is worse by an amount in the order of 20 dB. For convenience, the evaluation set up including all the parameters that are common with the 4 GHz case are described in the following. 
The deployment scenario considered here is the Indoor hotspot for 12 TRPs as described in [2] where additional modifications based on the agreements in RAN1#86 meeting [3] are taken into account. Moreover, ceiling mounted TRP deployments based on Option 1 in [2] with 64 antenna elements is adopted while directional antennas with 16 elements are considered at the UE side. More details on simulation assumptions are provided in Table 1 in 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. 
Operations based on the 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..

The simulations are carried out for the case with heavy DL traffic assuming DL:UL traffic ratio of 4:1, as well as for the case with more balanced traffic between DL and UL with DL:UL traffic ratio of 1:1. In the former case, 4 DL slots are followed by one UL slot synchronously across all the nodes where in the latter case every other slot is DL or UL in a synchronous manner across all the nodes. Moreover, to investigate the impact of different pack sizes on the performance both 0.5 MB and 0.1 MB packets are considered for FTP traffic.
2.2 Simulation results and analysis
A set of performance evaluation results that are similar to those provided in [4], are presented here. 

Figure 1 and Figure 2  provide an overview of the performance of the dynamic TDD scheme as compared to the static TDD scheme with respect to mean and cell-edge user throughput, for symmetric traffic between DL and UL. In order to base the comparison on realistic operational loads, the ratio of the served traffic over offered traffic for the TDD schemes is also provided in Figure 3 which can be used to identify if the system is stable or not. The figure also illustrates the system resource utilization which can be used to determine how heavily the network is loaded.
Figures 4 to 6 illustrate the system level evaluation results under the same conditions used for the evaluation results used in the previous figures with the exception of assuming asymmetric traffic split between DL and UL.
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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. The left and right plots correspond to the DL and UL user throughput, respectively.
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Figure 2: The 5th%-ile 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. The left and right plots correspond to the DL and UL user throughput, respectively.
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Figure 3: The left and right plots correspond to the ratio of served over offered traffic and mean resource utilization, respectively 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.
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Figure 4: 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 4:1. The left and right plots correspond to the DL and UL user throughput, respectively.
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Figure 5: The 5th%-ile 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 4:1. The left and right plots correspond to the DL and UL user throughput, respectively.
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Figure 6: The left and right plots correspond to the ratio of served over offered traffic and mean resource utilization, respectively vs. served traffic per TRP for NR Indoor hotspot scenario at 30GHz with 12 TRP per floor with DL:UL traffic ratio of 4:1.
A similar trend with respect to the impact of dynamic and static TDD schemes on the performance can easily be observed for the 30 GHz case as for the 4 GHz case and consequently the observations made in [4] can be considered valid here as well and are repeated here for convenience.

Observations:

· Dynamic TDD provides substantial system performance gains in the Indoor hotspot scenario for most load points of interest where the network is at a stable operating point

· The gains from dynamic TDD for heavily asymmetric traffic scenarios is lower compared to more symmetric traffic scenarios

· The potential for cross-link interference is greater on the DL than on the UL since UE-UE interference is potentially higher than TRP-TRP interference

However, in this contribution we also focus on understanding how operation with higher carrier frequency impacts the system performance. We can clearly see from the results that the overall throughput performance is considerably increased in comparison to the 4GHz carrier frequency case. The 30 GHz scenario has many differences compared to the 4 GHz scenario. First, as indicated earlier, 12 TRPs are used instead of 3 TRPs in the 4 GHz case. Secondly, the path loss is greater at 30 GHz. It should be noted here that the line-of-sight probability is computed differently for the 30 GHz and the 4 GHz cases. Specifically, the break-point distance below which line-of-sight probability is 100% is different for the 4 GHz and 30 GHz cases which does not seem to have sound technical motivations. Thirdly, the antenna configurations are different and beamforming plays a more significant role at 30 GHz. The overall cumulative effect of these differences results in larger system throughput for the 30 GHz case. The increased TRP density and the effect of beamforming play a key part in this increase.
It should be noted that in the 30 GHz case, for the asymmetric DL:UL traffic ratio of 4:1, the dynamic and static TDD curves cross over at medium loads. However, it should be noted that the gain or loss from using dynamic TDD is not that significant for this asymmetric traffic case since the performance for the two are not dramatically different. Hence, the particular load point at which the cross-over occurs is not that important. However, for the symmetric traffic case, the performance gains from dynamic TDD are larger and the cross-over point where static TDD exhibits better performance shifts to a higher load point that is quite close to the load at which the network becomes unstable. 

Based on the above discussion we make the following observations and proposal.

Observation: The system performance at 30 GHz with 12 TRPs is significantly greater than the system performance at 4 GHz with 3 TRPs in the Indoor hotspot scenario. Other factors that contribute to this result are the differences in beamforming and pathloss at the two carrier frequencies.
Proposal: The discrepancy between the 30 and 4 GHz cases for the break-point distances below which line-of-sight should be addressed, to ensure that comparisons between the 4 GHz and the 30 GHz cases are more meaningful.
3 Conclusions

This contribution presented some performance evaluations for dynamic TDD for the 30 GHz evaluation scenario. A detailed analysis of the results was presented and the following was observed.
Observations:

· Dynamic TDD provides substantial system performance gains in the Indoor hotspot scenario for most load points of interest where the network is at a stable operating point

· The gains from dynamic TDD for heavily asymmetric traffic scenarios is lower compared to more symmetric traffic scenarios

· The potential for cross-link interference is greater on the DL than on the UL since UE-UE interference is potentially higher than TRP-TRP interference

· The system performance at 30 GHz with 12 TRPs is significantly greater than the system performance at 4 GHz with 3 TRPs in the Indoor hotspot scenario. Other factors that contribute to this result are the differences in beamforming and pathloss at the two carrier frequencies.

In addition, the following was proposed.

Proposal: The discrepancy between the 30 and 4 GHz cases for the break-point distances below which line-of-sight should be addressed to ensure that comparisons between the 4 GHz and the 30 GHz cases are more meaningful.
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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].

· 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 


