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Introduction
To address the question of whether the cross-link interference needs to be measured and how to measure, we look into the performance of dynamic TDD with and without cross-link interference measurement. To benchmark the performance, static TDD and hybrid static and dynamic TDD are also evaluated. This contribution provides insights on the importance of accurate cross-link interference measurement and the scheme to achieve accurate cross-link interference measurement.  
Numerical evaluation
Simulation assumptions
To understand the impact of DL and UL interference measurement timing and resource on system performance, we compare the following two schemes in the simulation. Dynamic TDD is assumed for both schemes.  
Scheme 1:  Time-aligned DL and UL interference measurement in the scheduled resource
In this scheme, interference measurement and measurement reporting are in between resource scheduling and the corresponding data transmission, i.e., interference measurement is conducted in the bandwidth as assigned for the corresponding data and follows the same transmission direction (DL or UL) as the corresponding data. Figure 1 illustrates the subframe structure used in the simulation. In each slot, the DL interference measurement RS (IM-RS) and the UL IM-RS are transmitted after DL physical control channel (DLCC) which signals the resource allocation information. The measurement reporting is transmitted after DL/UL IM-RS in the DLCC/ULCC. The data transmission in the slot is based on the CQI from the measurement reporting. Detailed subframe design and its variations can be found in our previous contributions [1][2]. 


[bookmark: _Ref471560796]Figure 1 Subframe structure of interference measurement scheme 1
Scheme 1a: 


[bookmark: _Ref473714115]Figure 2 Subframe structure of interference measurement scheme 1a
In this scheme, like in scheme 1, the DL and UL interference measurement are time aligned and the measurement RS is transmitted within the resource scheduled for the corresponding data. The difference from scheme 1 is that scheme 1a implements cross-slot scheduling, measurement, measurement reporting and data transmission is performed, which would require less number of gaps in a subframe and therefore less overhead as illustrated in Figure 2. Scheme 1a would have higher system throughput than scheme 1 due to less overhead. The constraint on scheme 1a is that the cells need to both apply cross-slot measurement, which is less flexible than scheme 1. More detailed discussion on scheme 1a can be found in our previous contribution [2]. 
Scheme 2:  Time-separate DL and UL interference measurement without resource scheduling information
In this scheme, each slot has one symbol on DL IM-RS and one symbol on UL SRS. The DL IM-RS is transmitted after DLCC at the front of a slot and the UL SRS is transmitted before ULCC at the end of a slot. The DL IM-RS and the UL SRS are periodically transmitted regardless of the resource scheduling of a particular data transmission. Note that the subframe structure is not sufficient for cross-link IM. In order for a gNB to measure interference from other gNBs, a gap period need to be inserted in between DL control and DL IM-RS. Similar, in order for UE to measure interference from other UEs in UL, a gap period need to be inserted between UL data and SRS.  


[bookmark: _Ref477868813]Figure 3 Subframe structure of interference measurement scheme 2

Scheme 3:  Static TDD
In static TDD scheme, a synchronized DL/UL subframe allocation with a fixed DL:UL ratio is shared among all cells. The static TDD scheme uses the same subframe structure as scheme 2. Yet the DL IM-RS and the UL SRS are transmitted in the same RBs as the corresponding data channel so that the measurement is aligned with the data transmission. There is no cross-link interference in static TDD scheme. 
Scheme 4:  Hybrid static and dynamic TDD
The hybrid TDD scheme is implemented as proposed in [3], where a site follows the static TDD configuration when there is traffic in the configured direction of each slot. Otherwise, the transmission direction of the slots can be dynamically configured based on traffic. 
Indoor hotspot scenario as defined in [4] is considered in the simulation. The carrier frequency is assume as 4 GHz. Inter-cell coordination is not assumed throughout the simulation. Detailed simulation assumptions can be found in the Appendix.                  
Simulation results and discussion
In the simulation, various schemes are compared in indoor hotspot scenario [4] with FTP-3 traffic model. Table 1 shows the simulation results on per-user perceived throughput (UPT) of the interference measurement and reporting schemes. Single-layer beamforming is applied throughout the simulation. The FTP packet size of 0.1MB with DL:UL traffic ratio of 2:1 and 1:1 are simulated. For scheme 1, the number of guard symbols per slot is 4. For all other schemes (including scheme 1a), the number of guard symbols per slot is 2. No inter-cell cooperation is assumed throughout the simulation. More detailed system level simulation assumptions can be found in Appendix.
[bookmark: _Ref471568016]Table 1 UPT comparison among three IM schemes




[bookmark: _MON_1549887988]
* UPT results in scheme 1a is a prorated version of scheme 1, assuming 2 symbols less overhead.
** The maximum active time for a packet in the queue is set to be 2 sec.
For all traffic load combinations, it can be observed that scheme 1 provides notable UPT gain over scheme 2. Despite higher overhead, scheme 1 outperforms scheme 2 due to accurate SINR measurement. It can be observed that UPT gain of scheme 1 increases as the traffic load increases from lambda = 0.5 to lambda = 2.0. The gain of scheme 1 over scheme 2 is more prominent for low-rate UEs. The reason can be that the impact of SINR accuracy is essential for low-rate UEs.  
With 2 symbols less overhead, scheme 1a can provide higher UPT gain than scheme 1. Please note that the UPT results for scheme 1a in Table 1 is only a prorated version of scheme 1. The UPT performance of scheme 1a is expected to be even better.
It can be observed that scheme 1 has higher average UPT than both static and hybrid schemes in all traffic load combinations. As the traffic load increases, the performance of scheme 1 converges to that of static and hybrid schemes. 
In Figure 4 to Figure 6, the CDF of per-user UPT of indoor hotspot are plotted for various traffic loads. 
[image: ][image: ]
[bookmark: _Ref474157395][bookmark: _Ref474157382]Figure 4 UPT CDF for DL λ=0.5 with DL:UL=1:1 (left) and DL:UL=2:1 (right)
[image: ][image: ]
[bookmark: _Ref474157398]Figure 5 UPT CDF for DL λ=1.0 with DL:UL=1:1 (left) and DL:UL=2:1 (right)
[image: ][image: ]
[bookmark: _Ref477867537]Figure 6 UPT CDF for DL λ=2.0 with DL:UL=1:1 (left) and DL:UL=2:1 (right)
Based on the preliminary simulation results, we have the following observation and proposal.
Observation 1: Dynamic TDD with link adaptation based on instantaneous measurement provide higher UPT than dynamic TDD without IM, static TDD and hybrid static and dynamic TDD
Proposal 1: NR should support dynamic TDD with link adaptation based on time-aligned DL and UL interference measurement over the same RBs as scheduled for the corresponding data 
Conclusion 
In this contribution, we presented simulation results on dynamic TDD at 4GHz in indoor hotspot scenario. Based on the discussion we draw the following observations and proposals:
Observation 1: Dynamic TDD with link adaptation based on instantaneous measurement provide higher UPT than dynamic TDD without IM, static TDD and hybrid static and dynamic TDD
Proposal 1: NR should support dynamic TDD with link adaptation based on time-aligned DL and UL interference measurement over the same RBs as scheduled for the corresponding data 
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Simulation assumptions are listed in the following table, which is based on [4].
	Parameters
	Indoor hotspot

	Layout
	Single layer
3 BSs in 120m x 50m

	Inter-BS distance 
	40m

	Min BS-UE distance
	0m

	Carrier frequency 
	4GHz 

	Simulation bandwidth
	20MHz 

	Channel model [5-7]
	TRP-to-UE: ITU InH [5,6]
TRP-to-TRP: ITU InH (h_UE=3m), ASA statistics updated to be the same as ASD
UE-to-UE: ITU InH, ASD statistics updated to be the same as ASA.

	BS Tx power 
	24dBm 

	UE Tx power 
	23dBm

	BS antenna configurations [7]
	(M, N, P, Mg, Ng)=(1, 1, 2, 1, 1) Omni antenna model
Boresight direction is perpendicular to ceiling.

	BS antenna height 
	3m

	BS receiver noise figure
	5dB

	UE antenna configuration
	(M, N, P, Mg, Ng)=(1, 1, 2, 1, 1) Omni antenna model

	UE antenna height
	1.5m

	UE receiver noise figure
	9dB

	UE association
	[bookmark: _GoBack]Based on RSRP measurement [7]

	Traffic model
	FTP-3 model with packet size 0.1MB

	UE distribution
	10 users per TRP 
- 100% indoor
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5%-tile 50%-tile95%-tile Average RU (%) 5%-tile 50%-tile95%-tile Average RU (%) served packet (%)**

Scheme 1 26.32 38.95 46.22 38.12 7.43 22.15 35.07 41.60 34.12 7.59 100.00

Scheme 1a* 31.59 46.74 55.46 45.74 26.57 42.09 49.92 40.94

Scheme 2 0.98 23.62 46.92 23.25 8.78 0.99 14.87 30.39 15.04 11.48 100.00

Static TDD 9.29 24.80 28.96 23.23 7.43 20.61 25.37 29.03 25.13 7.24 100.00

Hybrid TDD 4.52 25.00 46.83 26.80 7.98 1.48 23.63 41.45 22.73 8.04 100.00

Gain

1over2

(%)

2586 64.90 -1.49 63.96 2137 135.8 36.89 126.9

Gain

1over3

(%)

183.3 57.06 59.60 64.10 7.47 38.23 43.30 35.77

Gain

1over4

(%)

382.3 55.80 -1.30 42.24 1397 48.41 0.36 50.11

Scheme 1 26.74 41.64 47.75 40.30 7.33 22.99 37.91 45.90 36.82 3.56 100.00

Scheme 1a* 32.09 49.96 57.30 48.36 27.59 45.49 55.08 44.19

Scheme 2 1.70 35.51 51.73 30.87 8.18 0.34 23.12 36.23 19.98 6.17 100.00

Static TDD 20.61 36.72 40.80 35.05 7.29 12.10 16.03 18.90 15.80 3.48 100.00

Hybrid TDD 5.63 37.50 51.73 35.93 7.81 0.48 16.52 45.51 20.20 3.98 100.00

Gain

1over2

(%)

1473 17.26 -7.69 30.55 6662 63.97 26.69 84.28

Gain

1over3

(%)

29.74 13.40 17.03 14.98 90.00 136.49 142.9 133.0

Gain

1over4

(%)

375.0 11.04 -7.69 12.16 4690 129.5 0.86 82.28

1:1

DL UPT (Mbps) UL UPT (Mbps)

Indoor Hotspot Scenario (DL λ=0.5)

DL:UL  

ratio

Feature

2:1
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		Indoor Hotspot Scenario (DL λ=0.5)

		DL:UL  ratio		Feature		DL UPT (Mbps)										UL UPT (Mbps)

						5%-tile		50%-tile		95%-tile		Average		RU (%)		5%-tile		50%-tile		95%-tile		Average		RU (%)		served packet (%)**

		1:1		Scheme 1		26.32		38.95		46.22		38.12		7.43		22.15		35.07		41.60		34.12		7.59		100.00

				Scheme 1a*		31.59		46.74		55.46		45.74				26.57		42.09		49.92		40.94

				Scheme 2		0.98		23.62		46.92		23.25		8.78		0.99		14.87		30.39		15.04		11.48		100.00

				Static TDD		9.29		24.80		28.96		23.23		7.43		20.61		25.37		29.03		25.13		7.24		100.00

				Hybrid TDD		4.52		25.00		46.83		26.80		7.98		1.48		23.63		41.45		22.73		8.04		100.00

				Gain1over2(%)		2586		64.90		-1.49		63.96				2137		135.8		36.89		126.9

				Gain1over3(%)		183.3		57.06		59.60		64.10				7.47		38.23		43.30		35.77

				Gain1over4(%)		382.3		55.80		-1.30		42.24				1397		48.41		0.36		50.11

		2:1		Scheme 1		26.74		41.64		47.75		40.30		7.33		22.99		37.91		45.90		36.82		3.56		100.00

				Scheme 1a*		32.09		49.96		57.30		48.36				27.59		45.49		55.08		44.19

				Scheme 2		1.70		35.51		51.73		30.87		8.18		0.34		23.12		36.23		19.98		6.17		100.00

				Static TDD		20.61		36.72		40.80		35.05		7.29		12.10		16.03		18.90		15.80		3.48		100.00

				Hybrid TDD		5.63		37.50		51.73		35.93		7.81		0.48		16.52		45.51		20.20		3.98		100.00

				Gain1over2(%)		1473		17.26		-7.69		30.55				6662		63.97		26.69		84.28

				Gain1over3(%)		29.74		13.40		17.03		14.98				90.00		136.49		142.9		133.0

				Gain1over4(%)		375.0		11.04		-7.69		12.16				4690		129.5		0.86		82.28


































image5.emf
5%-tile 50%-tile95%-tile Average RU (%) 5%-tile 50%-tile95%-tile Average RU (%) served packet (%)**

Scheme 1 9.57 28.82 37.68 26.65 15.86 7.62 23.97 33.60 23.17 16.94 100.00

Scheme 1a* 11.49 34.58 45.21 31.98 9.14 28.77 40.31 27.81

Scheme 2 1.52 4.37 11.56 5.13 25.82 1.32 3.10 12.32 4.46 37.99 99.87

Static TDD 4.07 17.06 25.16 15.79 15.82 11.51 19.46 24.11 18.89 16.20 100.00

Hybrid TDD 3.73 16.51 30.61 16.13 17.04 2.34 14.71 22.07 12.93 17.98 99.99

Gain

1over2

(%)

529.6 559.5 226.0 419.5 477.3 673.2 172.7 419.5

Gain

1over3

(%)

135.1 68.93 49.76 68.78 -33.80 23.18 39.36 22.66

Gain

1over4

(%)

156.6 74.56 23.10 65.22 225.6 62.95 52.24 79.20

Scheme 1 10.61 32.86 40.92 30.05 15.30 12.61 31.10 39.50 29.33 8.10 100.00

Scheme 1a* 12.73 39.44 49.10 36.06 15.13 37.32 47.40 35.20

Scheme 2 2.20 7.66 26.66 10.19 21.62 0.68 4.84 20.48 7.80 16.60 99.97

Static TDD 7.70 29.70 37.47 26.40 15.15 8.92 13.01 16.06 12.90 7.84 100.00

Hybrid TDD 3.50 27.69 37.94 23.21 16.35 0.99 11.11 24.28 10.71 8.81 100.00

Gain

1over2

(%)

382.3 329.0 53.49 194.9 1754 542.6 92.87 276.0

Gain

1over3

(%)

37.79 10.64 9.21 13.83 41.37 139.1 146.0 127.4

Gain

1over4

(%)

203.1 18.67 7.85 29.47 1174 179.9 62.7 173.9

1:1

Indoor Hotspot Scenario (DL λ=1)

DL:UL  

ratio

Feature

DL UPT (Mbps) UL UPT (Mbps)

2:1
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		Indoor Hotspot Scenario (DL λ=1)

		DL:UL  ratio		Feature		DL UPT (Mbps)										UL UPT (Mbps)

						5%-tile		50%-tile		95%-tile		Average		RU (%)		5%-tile		50%-tile		95%-tile		Average		RU (%)		served packet (%)**

		1:1		Scheme 1		9.57		28.82		37.68		26.65		15.86		7.62		23.97		33.60		23.17		16.94		100.00

				Scheme 1a*		11.49		34.58		45.21		31.98				9.14		28.77		40.31		27.81

				Scheme 2		1.52		4.37		11.56		5.13		25.82		1.32		3.10		12.32		4.46		37.99		99.87

				Static TDD		4.07		17.06		25.16		15.79		15.82		11.51		19.46		24.11		18.89		16.20		100.00

				Hybrid TDD		3.73		16.51		30.61		16.13		17.04		2.34		14.71		22.07		12.93		17.98		99.99

				Gain1over2(%)		529.6		559.5		226.0		419.5				477.3		673.2		172.7		419.5

				Gain1over3(%)		135.1		68.93		49.76		68.78				-33.80		23.18		39.36		22.66

				Gain1over4(%)		156.6		74.56		23.10		65.22				225.6		62.95		52.24		79.20

		2:1		Scheme 1		10.61		32.86		40.92		30.05		15.30		12.61		31.10		39.50		29.33		8.10		100.00

				Scheme 1a*		12.73		39.44		49.10		36.06				15.13		37.32		47.40		35.20

				Scheme 2		2.20		7.66		26.66		10.19		21.62		0.68		4.84		20.48		7.80		16.60		99.97

				Static TDD		7.70		29.70		37.47		26.40		15.15		8.92		13.01		16.06		12.90		7.84		100.00

				Hybrid TDD		3.50		27.69		37.94		23.21		16.35		0.99		11.11		24.28		10.71		8.81		100.00

				Gain1over2(%)		382.3		329.0		53.49		194.9				1754		542.6		92.87		276.0

				Gain1over3(%)		37.79		10.64		9.21		13.83				41.37		139.1		146.0		127.4

				Gain1over4(%)		203.1		18.67		7.85		29.47				1174		179.9		62.7		173.9


































image6.emf
5%-tile 50%-tile95%-tile Average RU (%) 5%-tile 50%-tile95%-tile Average RU (%) served packet (%)**

Scheme 1 0.94 6.13 20.96 8.13 35.99 0.85 5.37 19.00 7.16 40.38 98.07

Scheme 1a* 1.13 7.35 25.15 9.75 1.02 6.44 22.80 8.59

Scheme 2 0.36 0.66 2.39 0.93 40.27 0.36 0.61 1.48 0.72 59.43 53.03

Static TDD 1.27 4.60 16.67 6.11 37.05 1.55 6.72 14.43 7.05 37.59 98.94

Hybrid TDD 0.86 3.80 13.45 5.01 39.56 0.86 3.54 11.51 4.47 40.25 96.57

Gain

1over2

(%)

161.1 828.8 777.0 774.2 136.1 780.3 1184 894.4

Gain

1over3

(%)

-25.98 33.26 25.73 33.06 -45.16 -20.09 31.67 1.56

Gain

1over4

(%)

9.30 61.32 55.84 62.28 -1.16 51.69 65.07 60.18

Scheme 1 4.97 13.03 29.10 14.74 34.57 3.25 14.05 26.00 14.24 19.59 100.00

Scheme 1a* 5.96 15.63 34.92 17.69 3.90 16.85 31.20 17.69

Scheme 2 0.66 1.37 4.59 1.89 63.73 0.00 0.64 3.03 1.00 32.45 77.12

Static TDD 5.05 11.45 29.22 14.36 34.17 2.62 6.67 10.58 6.67 18.24 100.00

Hybrid TDD 4.66 11.76 26.75 13.14 37.11 1.25 4.13 9.14 4.63 20.21 99.94

Gain

1over2

(%)

653.0 851.1 534.0 679.9 2095 758.1 1324

Gain

1over3

(%)

-1.58 13.80 -0.41 2.65 24.05 110.6 145.8 113.5

Gain

1over4

(%)

6.65 10.80 8.79 12.18 160.0 240.2 184.5 207.6

1:1

Indoor Hotspot Scenario (DL λ=2)

DL:UL  

ratio

Feature

DL UPT (Mbps) UL UPT (Mbps)
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