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1 Introduction
In RAN1#87, the following was agreed which states that NR should support dynamic TDD on a very fast time scale [1].
Agreements:

· NR should support dynamically assigned DL and UL transmission directions at least for data on a per-slot basis at least in a TDM manner

· FFS control signaling details (e.g. UE or cell-specific, applicable for cross and/or same-slot scheduling, switching between dynamic and semi-static operation, etc.)

· FFS adaptation at the level of a mini-slot

· Other aspects, if any, are not excluded

· Note: the applicability of the above bullets in terms of spectra is a separate discussion

For managing the cross-link interference that may potentially limit the benefits of dynamic TDD, multiple schemes were identified as per the following agreement.

Agreements:

· At least following schemes are identified to be further studied aiming to mitigate cross-link interference with and without the assumption on inter-cell coordination:

· Advanced receiver for interference cancellation/suppression 

· RS design (e.g. symmetric RS) and timing alignment between DL and UL 

· Sensing/measurement scheme (e.g. LBT-like, OTA measurement if any, etc.)

· Power control and coordinated schemes (e.g. coordinated beamforming/scheduling, OTA signalling if any, etc.)

· Link adaptation

· Strive for common cross-link interference mitigation schemes for both paired and unpaired spectrum.

· For further study of measurements of cross link interference (CLI), aim for (if possible) reusing a physical reference signal used for other purposes 

· The need to enable CLI measurement should be taken into account when designing the RS which is also to be used for CLI measurement

· Study metric(s) to be used for CLI measurement, e.g., RSRP

· Physical reference signal used for CLI measurement aim for the same type for DL & UL (e.g. DM-RS type, CSI-RS type, etc.)

· To support CLI measurement, RS of a UE or a TRP aim to be received by another UE or another TRP 

Moreover, in the last meeting, it was concluded [5]:

Conclusion:

· The WF in R1-1701329 is agreed

· Companies are encouraged to perform evaluations under various RU percentage values

· Note: the RU for a link direction (DL or UL) herein is defined as the amount of occupied resources for the given link direction divided by the total number of resources (irrespective of link directions)

· Companies should also report assumptions regarding backhaul

· In performing evaluations for flexible duplexing operation, companies should take into account additional overhead for the operation. 

In this contribution, we present some evaluations for the performance of dynamic TDD in a dense urban environment with macro and micro base stations. The evaluations also investigate the benefits of some of the schemes identified for further study to mitigate cross-link interference. The results in this contribution were originally presented in [10] but are repeated here for convenience. In addition, the results are presented in a different format as tables in the Appendix for being captured in the TR.
2 Discussion
2.1 Simulation assumptions
The system level simulations are performed according to the agreed evaluation assumptions as described in [2] where additional modifications based on the agreements in RAN1#86 [3] and RAN1#86bis [1] are taken into account. The deployment scenario considered here is the dense urban scenario. Some salient parameters are described in the following. The macro inter-site distance is 200 meters with an antenna height of 25 meters. Twenty one macro cells operating at 4 GHz are used in the evaluation with three micro cells operating at 30 GHz in the coverage area of each micro cell. The micro-cells have an antenna height of 10 meters and are located at the hotspot edge and pointed towards the center of the hotspot. Thus, there are a total of 63 hotspots in the evaluation with a radius of 15 meters each. A total of 1260 users are distributed throughout the network with 2/3 in hotspots and 1/3 outside hotspots. Eighty percent of the users are indoors and twenty percent of users are outdoors (in cars). The indoor users are distributed in multiple floors up to eight floors. 
At the macro, 128 antenna elements are assumed per panel. For the micro, 64 antenna elements are assumed per panel which is a 2x2 panel. For the UE 16 antenna elements are assumed per panel with two panels at the UE, one on each side. More details on simulation assumptions are provided in Table 13 in the Appendix. 
The following TDD options are considered for the system level evaluations:

· 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.

· 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).

· Hybrid dynamic and static TDD at macro cells with intra-site coordination of macro cells

A hybrid scheme where dynamic TDD is used at the macro cells unless there is traffic in opposite directions to be scheduled in the macro cells at the same site, in which case, the macro cell is switched to a fixed TDD scheme with a fixed DL:UL ratio. The DL:UL ratio used is the same for all macro cells in the network.
· Hybrid dynamic and static TDD at macro cells with intra-site coordination of macro cells and with ideal interference cancellation of two closest interfering macro-cells from other sites
Here, in addition to the intra-site coordination described in the previous scheme, ideal cancellation of the interference from the two closest macro cells from neighboring sites that are pointed towards this cell is assumed.

· Hybrid dynamic and static TDD at micro cells

A hybrid scheme where dynamic TDD is used at the micro cells unless there is traffic in both directions to be scheduled in the micro cell. There is no coordination between micro cells on when to use dynamic and static TDD.

· Dynamic TDD with DL LBT in micro cells

The dynamic TDD scheme described in the first option above is used in conjunction with LBT at a micro cell before transmission.

· Dynamic TDD with UL LBT in micro cells

The dynamic TDD scheme described in the first option above is used in conjunction with LBT at a UE before transmission in a micro cell.
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. For the static TDD scheme, in the former case, 4 DL slots are followed by one UL slot synchronously across all the nodes whereas in the latter case every other slot is DL or UL in a synchronous manner across all the nodes. A packet size of 0.5 MB is considered for FTP traffic. 

2.2 Simulation results and analysis
Figure 1 and Figure 2  provide an overview of the performance comparison between the dynamic TDD scheme, static TDD scheme, hybrid dynamic and static TDD with intra-site coordination and hybrid dynamic and static TDD with intra-site coordination and ideal interference cancellation schemes described in the previous section. The mean and cell-edge user throughput are reported for asymmetric 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 for the downlink as well as uplink traffic which can be used to identify if the system is stable or not. 
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Figure 1: The mean user throughput vs. served traffic per macro cell for NR Dense Urban scenario for the macro layer at 4GHz 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 2: The 5th%-ile user throughput vs. served traffic per macro cell for NR Dense Urban scenario for the macro layer at 4GHz 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 3: The ratio of served over offered traffic vs. served traffic per macro cell for NR Dense Urban scenario for the macro layer at 4GHz with DL:UL traffic ratio of 4:1. The left and right plots correspond to the DL and UL ratios, respectively.
From the simulation results it can be observed that dynamic TDD improves the downlink mean and cell edge throughput as illustrated in Figure 1 and Figure 2 for low loads as compared to the static TDD scheme. As the load in the network increases, the dynamic TDD scheme is outperformed by the static TDD scheme in DL performance. It is observed that this behavior applies both for the downlink and the uplink. 
Observation: For the macro layer at 4 GHz, dynamic TDD yields gains at low loads as compared to static TDD, but yields poorer performance at medium to high loads.
Comparing the properties of the dynamic and static TDD schemes, in dynamic TDD the scheduler has the flexibility to allocate resources for DL or UL transmissions based on the incoming DL or UL traffic. In that respect, the static TDD scheme suffers from potential delay due to the fixed resource allocation for DL or UL transmission. On the other hand, the dynamic TDD scheme may potentially suffer from cross-link interference while such kind of interference is absent in the network operating based on the static TDD scheme. Examining the system performance, it is clear that cross-link interference affects the performance of the system except at low loads. However, the figures show that both of the other schemes considered, i.e., dynamic TDD with intra-site coordination and dynamic TDD with intra-site coordination and ideal interference cancellation, overcome the cross-link interference and perform better than both the dynamic and static TDD schemes. The significant benefits brought about by intra-site coordination indicates that a dominant source of the cross-link interference that degrades performance is intra-site interference. Based on the above discussion we observe the following.
Observation: For the macro layer at 4 GHz, dynamic TDD yields gains at low loads as compared to static TDD, but yields poorer performance at medium to high loads.
Observation: For the macro layer at 4 GHz, a dominant source of the cross-link interference that causes performance degradation is due to intra-site cross-link interference.
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Figure 4: The mean user throughput vs. served traffic per macro cell for NR Dense Urban scenario for the macro layer at 4GHz 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 5: The 5th%-ile user throughput vs. served traffic per macro cell for NR Dense Urban scenario for the macro layer at 4GHz 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 6: The ratio of served over offered traffic vs. served traffic per macro cell for NR Dense Urban scenario for the macro layer at 4GHz with DL:UL traffic ratio of 1:1. The left and right plots correspond to the DL and UL ratios, respectively.
Figure 4 to Figure 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 symmetric traffic split between DL and UL. In general, the observations made for the asymmetric traffic split hold here as well. 
It can be seen that the DL performance gain with dynamic TDD at low loads as compared to static TDD is substantially improved. This can be explained as follows. On average the file transmission time spans over a couple of slots. Hence changing the slot configurations in the static TDD scheme from 4 DL slots followed by 1 UL slot to every other slot being DL or UL, increases the average delay for completion of a DL file transfer while it decreases the same delay for an UL file transfer. On the other hand, we observe that the dynamic TDD scheme can adapt better to the traffic situation and hence boost system performance.

Figure 7 to Figure 9 show the system level performance for the micro layer operating at 30 GHz with an asymmetric traffic split of 4:1 and Figure 10

 REF _Ref471401274 \h 
Figure 12 show the performance for the micro layer with a symmetric traffic split of 1:1. For the micro layer, dynamic TDD provides gains or minimal losses compared to static TDD even at medium to high loads where the system is at a stable operating point as characterized by the served traffic exceeding 90% of the offered traffic. This is similar to the results in the indoor hotspot environment at 30 GHz, discussed in [6], where dynamic TDD is a viable option that can provide gains even without any particular cross-link interference mitigation schemes. 
Observation: For the micro layer at 30 GHz, dynamic TDD without any specific cross-link interference mitigation schemes yields gains or minimal losses compared to static TDD at loads where the system is at a stable operating point.
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Figure 7: The mean user throughput vs. served traffic per micro cell for NR Dense Urban scenario for the micro layer at 30GHz 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 8: The 5th%-ile user throughput vs. served traffic per micro cell for NR Dense Urban scenario for the micro layer at 30GHz 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 9: The ratio of served over offered traffic vs. served traffic per micro cell for NR Dense Urban scenario for the micro layer at 30GHz with DL:UL traffic ratio of 4:1. The left and right plots correspond to the DL and UL ratios, respectively.
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Figure 10: The mean user throughput vs. served traffic per micro cell for NR Dense Urban scenario for the micro layer at 30GHz 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 11: The 5th%-ile user throughput vs. served traffic per micro cell for NR Dense Urban scenario for the micro layer at 30GHz with DL:UL traffic ratio of 1:1. The left and right plots correspond to the DL and UL user throughput, respectively.

[image: image23.emf]0 50 100 150 200 250 300

0.5

0.55

0.6

0.65

0.7

0.75

0.8

0.85

0.9

0.95

1

Total served traffic per operator per gNB [Mbps]

Ratio of served over offer traffic, DL [Mbps]

Dense Urban, Micro layer, 30GHz, DL:UL traffic ratio = 1:1

 

 

Static TDD

Dynamic TDD

Hybrid TDD

Dynamic TDD, DL LBT

Dynamic TDD, UL LBT

 [image: image24.emf]0 50 100 150 200 250 300

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Total served traffic per operator per gNB [Mbps]

Ratio of served over offer traffic, UL [Mbps]

Dense Urban, Micro layer, 30GHz, DL:UL traffic ratio = 1:1

 

 

Static TDD

Dynamic TDD

Hybrid TDD

Dynamic TDD, DL LBT

Dynamic TDD, UL LBT


Figure 12: The ratio of served over offered traffic vs. served traffic per micro cell for NR Dense Urban scenario for the micro layer at 30GHz with DL:UL traffic ratio of 1:1. The left and right plots correspond to the DL and UL ratios, respectively.
3 Conclusions

This contribution presented system level performance evaluations of dynamic TDD, static TDD and some hybrid schemes that serve to mitigate cross-link interference in various ways in the NR Dense Urban environment where a macro layer operates at 4 GHz and a micro layer with three micro base stations per micro cell operates at 30 GHz. Based on the results and the discussion, the following was observed.
Observations: 

· For the macro layer at 4 GHz, dynamic TDD yields gains at low loads as compared to static TDD, but yields poorer performance at medium to high loads.

· For the macro layer at 4 GHz, a dominant source of the cross-link interference that causes performance degradation is due to intra-site cross-link interference.
· For the micro layer at 30 GHz, dynamic TDD without any specific cross-link interference mitigation schemes yields gains or minimal losses compared to static TDD at loads where the system is at a stable operating point.
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5 Appendix
5.1 Simulation results

Table 1: Dense Urban area, Macro Cell, 4 GHz, DL Traffic, low loads

	DL/UL traffic ratio
	Scheme
	RU%
	DL Throughput (Mbps)
	Served/Offer traffic%

	
	
	
	5th%-ile
	50th%-ile
	95th%-ile
	Mean
	

	1:1

	Static TDD
	25
	27.71
	50.74
	64.12
	49.12
	99.9

	
	Dynamic TDD
	44
	40.66
	81.77
	118.19
	81.36
	100.0

	
	Hybrid TDD with intra-site coord
	30
	36.05
	71.58
	102.58
	70.55
	100.0

	
	Hybrid TDD with intra-site coord. and ideal IC
	28
	39.22
	76.08
	106.25
	75.36
	100.0

	4:1

	Static TDD
	25
	47.72
	81.16
	102.40
	78.88
	99.9

	
	Dynamic TDD
	50
	49.09
	90.98
	125.98
	89.54
	100.0

	
	Hybrid TDD with intra-site coord
	31
	55.04
	92.55
	119.85
	90.44
	100.0

	
	Hybrid TDD with intra-site coord. and ideal IC
	27
	56.23
	96.80
	121.96
	94.09
	100.0


Table 2: Dense Urban area, Macro Cell, 4 GHz, UL Traffic, low loads

	DL/UL traffic ratio
	Scheme
	RU%
	UL Throughput (Mbps)
	Served/Offer traffic%

	
	
	
	5th%-ile
	50th%-ile
	95th%-ile
	Mean
	

	1:1

	Static TDD
	0.34
	8.96
	36.55
	60.33
	35.43
	100.0

	
	Dynamic TDD
	0.75
	4.92
	36.49
	93.20
	41.24
	99.8

	
	Hybrid TDD with intra-site coord
	0.46
	9.80
	48.51
	102.56
	51.08
	99.8

	
	Hybrid TDD with intra-site coord. and ideal IC
	0.41
	11.74
	55.91
	105.94
	57.31
	99.9

	4:1

	Static TDD
	0.16
	2.22
	10.47
	21.15
	10.90
	99.7

	
	Dynamic TDD
	0.67
	1.13
	13.95
	63.17
	20.49
	97.4

	
	Hybrid TDD with intra-site coord
	0.30
	3.01
	22.17
	74.41
	28.86
	99.9

	
	Hybrid TDD with intra-site coord. and ideal IC
	0.22
	5.69
	30.66
	81.58
	35.71
	99.9


Table 3: Dense Urban area, Macro Cell, 4 GHz, DL Traffic, medium loads

	DL/UL traffic ratio
	Scheme
	RU%
	DL Throughput (Mbps)
	Served/Offer traffic%

	
	
	
	5th%-ile
	50th%-ile
	95th%-ile
	Mean
	

	1:1

	Static TDD
	50
	16.42
	37.63
	57.30
	37.30
	99.8

	
	Dynamic TDD
	99
	1.99
	13.06
	43.03
	16.65
	95.2

	
	Hybrid TDD with intra-site coord
	57
	16.91
	40.12
	63.95
	40.35
	100.0

	
	Hybrid TDD with intra-site coord. and ideal IC
	54
	17.78
	40.56
	69.85
	41.71
	99.9

	4:1

	Static TDD
	50
	24.18
	55.66
	90.13
	56.09
	99.9

	
	Dynamic TDD
	97
	8.50
	35.34
	84.36
	39.66
	99.0

	
	Hybrid TDD with intra-site coord
	57
	20.62
	54.66
	92.92
	55.24
	99.8

	
	Hybrid TDD with intra-site coord. and ideal IC
	54
	24.45
	56.75
	95.02
	58.06
	99.8


Table 4: Dense Urban area, Macro Cell, 4 GHz, UL Traffic, medium loads

	DL/UL traffic ratio
	Scheme
	RU%
	UL Throughput (Mbps)
	Served/Offer traffic%

	
	
	
	5th%-ile
	50th%-ile
	95th%-ile
	Mean
	

	1:1

	Static TDD
	0.69
	2.09
	19.92
	50.04
	21.74
	99.3

	
	Dynamic TDD
	1.35
	0.04
	0.40
	20.54
	3.39
	12.4

	
	Hybrid TDD with intra-site coord
	0.86
	1.85
	22.31
	62.73
	25.72
	98.9

	
	Hybrid TDD with intra-site coord. and ideal IC
	0.79
	3.17
	25.25
	72.06
	29.79
	99.4

	4:1

	Static TDD
	0.30
	0.45
	4.77
	17.29
	6.32
	96.7

	
	Dynamic TDD
	1.06
	0.03
	0.71
	18.58
	3.94
	23.0

	
	Hybrid TDD with intra-site coord
	0.44
	0.44
	6.86
	35.80
	10.72
	96.6

	
	Hybrid TDD with intra-site coord. and ideal IC
	0.40
	0.78
	9.30
	43.46
	13.58
	97.7


Table 5: Dense Urban area, Macro Cell, 4 GHz, DL Traffic, high loads

	DL/UL traffic ratio
	Scheme
	RU%
	DL Throughput (Mbps)
	Served/Offer traffic%

	
	
	
	5th%-ile
	50th%-ile
	95th%-ile
	Mean
	

	1:1

	Static TDD
	80
	1.10
	14.38
	43.27
	17.45
	96.8

	
	Dynamic TDD
	99
	0.70
	9.24
	39.96
	13.55
	93.6

	
	Hybrid TDD with intra-site coord
	81
	1.46
	14.32
	45.87
	17.53
	96.7

	
	Hybrid TDD with intra-site coord. and ideal IC
	81
	1.44
	14.73
	45.25
	17.86
	96.9

	4:1

	Static TDD
	80
	1.20
	16.34
	66.25
	23.37
	94.5

	
	Dynamic TDD
	99
	0.43
	5.44
	61.41
	15.94
	89.9

	
	Hybrid TDD with intra-site coord
	81
	1.35
	15.61
	65.15
	23.35
	93.5

	
	Hybrid TDD with intra-site coord. and ideal IC
	80
	1.24
	17.30
	69.02
	23.96
	93.9


Table 6: Dense Urban area, Macro Cell, 4 GHz, UL Traffic, high loads

	DL/UL traffic ratio
	Scheme
	RU%
	UL Throughput (Mbps)
	Served/Offer traffic%

	
	
	
	5th%-ile
	50th%-ile
	95th%-ile
	Mean
	

	1:1
	Static TDD
	0.97
	0.20
	4.82
	34.42
	9.10
	88.1

	
	Dynamic TDD
	1.29
	0.05
	0.40
	24.16
	3.92
	8.5

	
	Hybrid TDD with intra-site coord
	1.00
	0.23
	4.90
	32.53
	8.94
	88.7

	
	Hybrid TDD with intra-site coord. and ideal IC
	1.00
	0.22
	5.03
	35.62
	9.32
	88.2

	4:1

	Static TDD
	0.39
	0.18
	1.95
	11.20
	3.24
	81.7

	
	Dynamic TDD
	0.68
	0.03
	1.10
	17.01
	3.90
	1.8

	
	Hybrid TDD with intra-site coord
	0.41
	0.16
	2.14
	12.33
	3.70
	81.6

	
	Hybrid TDD with intra-site coord. and ideal IC
	0.42
	0.20
	2.09
	12.54
	3.64
	83.1


Table 7: Dense Urban area, Micro Cell, 30 GHz, DL Traffic, low loads

	DL/UL traffic ratio
	Scheme
	RU%
	DL Throughput (Mbps)
	Served/Offer traffic%

	
	
	
	5th%-ile
	50th%-ile
	95th%-ile
	Mean
	

	1:1

	Static TDD
	25
	39.46
	154.00
	258.50
	152.50
	99.7

	
	Dynamic TDD
	34
	56.27
	260.04
	505.11
	268.16
	99.6

	
	Hybrid TDD
	32
	59.88
	262.32
	507.68
	274.90
	99.7

	
	DL LBT
	34
	47.47
	224.34
	454.29
	235.48
	99.4

	
	UL LBT
	33
	57.11
	248.51
	503.30
	263.76
	99.5

	4:1

	Static TDD
	25
	59.91
	243.15
	417.45
	242.30
	99.5

	
	Dynamic TDD
	33
	73.27
	287.63
	526.68
	294.92
	99.6

	
	Hybrid TDD
	33
	67.28
	294.27
	526.32
	297.74
	99.8

	
	DL LBT
	35
	50.74
	248.63
	472.43
	256.76
	99.3

	
	UL LBT
	33
	64.74
	284.89
	526.51
	292.99
	99.6


Table 8: Dense Urban area, Micro Cell, 30 GHz, UL Traffic, low loads

	DL/UL traffic ratio
	Scheme
	RU%
	DL Throughput (Mbps)
	Served/Offer traffic%

	
	
	
	5th%-ile
	50th%-ile
	95th%-ile
	Mean
	

	1:1

	Static TDD
	3.16
	11.23
	92.99
	246.57
	106.99
	97.6

	
	Dynamic TDD
	4.88
	11.72
	127.55
	440.81
	165.77
	96.4

	
	Hybrid TDD
	4.58
	12.30
	137.32
	444.31
	173.81
	97.3

	
	DL LBT
	5.06
	11.05
	120.38
	434.22
	158.30
	95.0

	
	UL LBT
	4.70
	8.37
	110.98
	382.31
	144.95
	95.1

	4:1

	Static TDD
	1.37
	3.93
	30.06
	85.36
	35.81
	96.1

	
	Dynamic TDD
	3.03
	5.35
	85.68
	347.03
	120.98
	94.8

	
	Hybrid TDD
	2.97
	6.75
	89.65
	357.25
	123.58
	96.0

	
	DL LBT
	3.35
	5.10
	74.13
	357.07
	110.29
	94.3

	
	UL LBT
	2.96
	4.60
	69.88
	304.71
	99.81
	94.2


Table 9: Dense Urban area, Micro Cell, 30 GHz, DL Traffic, Medium loads

	DL/UL traffic ratio
	Scheme
	RU%
	DL Throughput (Mbps)
	Served/Offer traffic%

	
	
	
	5th%-ile
	50th%-ile
	95th%-ile
	Mean
	

	1:1

	Static TDD
	50
	10.42
	94.72
	227.25
	103.53
	95.7

	
	Dynamic TDD
	70
	9.58
	104.04
	374.50
	134.20
	94.1

	
	Hybrid TDD
	63
	12.25
	122.56
	399.74
	153.67
	96.1

	
	DL LBT
	70
	7.17
	80.79
	315.41
	110.46
	91.5

	
	UL LBT
	67
	8.43
	95.58
	352.76
	125.06
	93.8

	4:1

	Static TDD
	50
	8.73
	131.43
	356.86
	151.29
	93.7

	
	Dynamic TDD
	67
	10.87
	136.15
	431.71
	167.42
	93.3

	
	Hybrid TDD
	63
	10.89
	140.39
	448.28
	174.35
	94.6

	
	DL LBT
	65
	7.96
	102.86
	375.96
	134.93
	90.4

	
	UL LBT
	64
	9.21
	133.72
	422.95
	163.80
	92.8


Table 10: Dense Urban area, Micro Cell, 30 GHz, UL Traffic, Medium loads

	DL/UL traffic ratio
	Scheme
	RU%
	DL Throughput (Mbps)
	Served/Offer traffic%

	
	
	
	5th%-ile
	50th%-ile
	95th%-ile
	Mean
	

	1:1

	Static TDD
	5.80
	2.69
	47.92
	203.60
	69.11
	89.9

	
	Dynamic TDD
	9.48
	0.75
	23.63
	243.82
	60.20
	68.4

	
	Hybrid TDD
	8.36
	2.19
	46.87
	303.22
	83.13
	86.6

	
	DL LBT
	9.57
	0.77
	20.01
	247.69
	54.81
	65.7

	
	UL LBT
	8.68
	0.72
	17.10
	203.95
	45.44
	65.0

	4:1

	Static TDD
	2.32
	1.95
	18.08
	71.21
	25.00
	81.8

	
	Dynamic TDD
	5.45
	1.06
	14.73
	199.58
	44.97
	64.3

	
	Hybrid TDD
	4.91
	1.85
	21.88
	218.69
	52.08
	80.9

	
	DL LBT
	5.08
	0.92
	10.92
	171.44
	38.89
	59.3

	
	UL LBT
	4.77
	0.88
	10.60
	149.41
	35.41
	59.6


Table 11: Dense Urban area, Micro Cell, 30 GHz, DL Traffic, High loads

	DL/UL traffic ratio
	Scheme
	RU%
	DL Throughput (Mbps)
	Served/Offer traffic%

	
	
	
	5th%-ile
	50th%-ile
	95th%-ile
	Mean
	

	1:1

	Static TDD
	80
	2.09
	22.53
	134.44
	38.23
	60.5

	
	Dynamic TDD
	90
	2.26
	20.92
	140.79
	40.03
	56.8

	
	Hybrid TDD
	86
	2.33
	24.23
	181.61
	49.81
	60.7

	
	DL LBT
	86
	2.02
	15.76
	119.51
	31.81
	52.7

	
	UL LBT
	82
	2.00
	21.05
	137.65
	39.78
	57.4

	4:1

	Static TDD
	80
	2.03
	26.77
	195.13
	50.56
	60.3

	
	Dynamic TDD
	88
	1.83
	21.58
	198.89
	48.40
	56.2

	
	Hybrid TDD
	86
	2.14
	25.91
	212.78
	54.65
	58.9

	
	DL LBT
	82
	1.65
	17.81
	169.91
	39.60
	52.8

	
	UL LBT
	84
	1.48
	22.09
	177.36
	47.23
	55.5


Table 12: Dense Urban area, Micro Cell, 30 GHz, UL Traffic, High loads

	DL/UL traffic ratio
	Scheme
	RU%
	DL Throughput (Mbps)
	Served/Offer traffic%

	
	
	
	5th%-ile
	50th%-ile
	95th%-ile
	Mean
	

	1:1

	Static TDD
	3.16
	11.23
	92.99
	246.57
	106.99
	97.6

	
	Dynamic TDD
	4.88
	11.72
	127.55
	440.81
	165.77
	96.4

	
	Hybrid TDD
	4.58
	12.30
	137.32
	444.31
	173.81
	97.3

	
	DL LBT
	5.06
	11.05
	120.38
	434.22
	158.30
	95.0

	
	UL LBT
	4.70
	8.37
	110.98
	382.31
	144.95
	95.1

	4:1

	Static TDD
	3.22
	1.89
	10.00
	51.59
	15.68
	48.1

	
	Dynamic TDD
	4.25
	0.79
	4.95
	47.56
	12.86
	20.7

	
	Hybrid TDD
	4.13
	1.69
	9.15
	71.25
	19.03
	41.3

	
	DL LBT
	4.24
	0.88
	4.76
	44.41
	12.08
	20.4

	
	UL LBT
	3.52
	0.55
	3.80
	42.22
	10.38
	17.1


5.2 Simulation Assumptions

Table 13: Additional simulation assumptions for dense urban deployment
	Inter-BS distance
	Macro-to-macro: 200m

Micro-to-micro: 10m (randomly placed on edge of hotzone cluster with radius of 15m)

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

Micro-to-UE: 10m [TR36.897]

	Minimum UE-UE (2D) distance 
	3m

	Carrier frequency 
	4GHz for Macro, 30GHz for Micro

	Simulation bandwidth 
	4GHz: One carrier with 20MHz (TDD)

30GHz: One carrier with 80MHz (TDD)

	Channel model 
	Below 6GHz:

 Macro-to-UE: 3D UMa 

 Micro-to-UE: 3D UMi 

 Macro-to-Macro: 3D UMa (h_UE=25m)

 Macro-to-Micro: 3D UMa (h_UE=10m) 

 Micro-to-Micro: 3D UMi (h_UE=10m) 

 UE-to-UE: A.2.1.2 in TR36.843

Above 6GHz:

 Macro-to-UE: 5GCM UMa 

 Micro-to-UE: 5GCM UMi 

 Macro-to-Macro: 5GCM UMa (h_UE=25m) 

 Macro-to-Micro: 5GCM UMa (h_UE=10m)

 Micro-to-Micro: 5GCM UMi (h_UE=10m) 

 UE-to-UE: 5GCM UMi (h_BS=1.5m ~ 22.5m)

	Penetration loss
	Follow [2]

	BS Tx power 
	Macro layer:  Below 6GHz: 44 dBm
Micro layer:   Above 6GHz: 33 dBm

	UE Tx power 
	Maximum 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)=(8,4,2,2,2) 

(dH,dV,dHg,dVg)=(0.5,0.5,4.0,2.0)λ 

	BS antenna configuration
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	BS antenna height 
	Macro: 25m

Micro: 10m

	BS antenna element gain + connector loss
	8 dBi

	BS antenna tilt
	Macro:108deg

Micro:105deg

	BS receiver noise figure 
	Below 6GHz: 5 dB

Above 6GHz: 7 dB

	UE antenna configuration 
	
[image: image26.wmf]{

}

2

,3

3

2

,3

3

,,

90

()min12,,90,25

()min12,,90,25

(,)min[()()],

o

o

EVVdBV

dB

o

EHmdBm

dB

EVEHm

ASLASLAdB

AAAdB

AAAA

q

qq

q

q

qq

q

qjqj

éù

æö

-

êú

=-==

ç÷

êú

èø

ëû

éù

æö

êú

=-==

ç÷

êú

èø

ëû

=--+



	UE antenna elements
	For 4GHz: 2Tx and 2Rx
For around 30GHz: (M, N, P, Mg, Ng)=(2,4,2,1,2), the polarization angles are 0 and 90deg
(dH, dV) = (0.5, 0.5)λ

	UE antenna
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  for outdoor UEs: 1
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 for indoor UEs: 
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~uniform(1, 
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	UE antenna gain
	For below 6GHz: Follow the modeling of TR36.873

For 30GHz: 5dBi

	UE receiver noise figure
	Below 6GHz: 9 dB

Above 6GHz: 13 dB 

	Traffic model
	FTP traffic model 3 with packet size 0.5Mbytes 

	UE distribution
	For FTP traffic model 3: 2/3 users randomly and uniformly dropped within the clusters, 1/3 users randomly and uniformly dropped throughout the macro geographical area. 80% indoor and 20% outdoor

	UE receiver
	MMSE-IRC 

	BS receiver 
	MMSE-IRC 

	UE association
	UE connected to Macro or Micro layer, based on RSRP measurement

	Transmission mode
	SU-MIMO 
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