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Introduction
In the RAN1#87 meeting, it was agreed that [1]
· 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
· 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
And in the RAN1 Jan. Ad-Hoc meeting, it was agreed that
· Companies are encouraged to 
· further update the evaluation results
· perform evaluations under various RU percentage values
· take into account additional overhead for the operation
When designing the interference management scheme, one of the key aspects is the timing and the resource of interference measurement in DL and UL, and its relationship with the timing and resource of resource scheduling and data transmission, which will impact the measurement accuracy and consequently the performance. 
[bookmark: _GoBack]In this contribution, we evaluate the performance of dynamic TDD in dense urban scenario with focus on the impact of measurement accuracy on performance. The evaluation results on indoor scenario can be found in our companion contribution [2].
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 use 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 [3][4]. 


[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 [4]. 
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.  


Figure 3 Subframe structure of interference measurement scheme 2
Simulation results and discussion
[bookmark: _Ref471568016]In the simulation, the three above schemes are compared in dense urban micro layer [5] with FTP-3 traffic model. In Table 1, preliminary simulation results on per-user packet throughput (UPT) of three interference measurement and reporting schemes are demonstrated. SU-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 tested. Due to limited simulation time, we only able to collect results for the micro layer in a macro cell in dense urban scenario. Three micro TRPs are dropped with ISD=100m, and the interference level is calculated based on geometry-distance wrap around method. For scheme 1, the number of guard symbols per slot is 4. For scheme 1a and scheme 2, 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.
Table 1 UPT comparison among three IM schemes




* UPT results in scheme 1a is a prorated version of scheme 1, assuming 2 symbols less signaling overhead.
** Since the simulation assumes unlimited amount of ARQ attempts, unfinished packet are only due to their late arrival time. The transmission of these late-arrival packets did not finish before the end of simulation.
It can be observed that scheme 1 provides notable UPT gain over scheme 2 in UL, and scheme 1 also some UPT gain for UEs in the medium to low rate region in DL. Scheme 2 is observed to achieve better UPT for UEs in high rate region for low to medium load scenarios. The reason is likely due to that the SINR of high-rate UEs exceeds the SINR of the highest MCS level (the simulation used 64 QAM as the highest SINR). The overhead rather than the SINR measurement accuracy would affect throughput. When higher order modulation and/or MU-MIMO is applied, we could expect scheme1 1’s gain at high-rate UEs as well. Looking at the overall DL/UL throughput, scheme 1 outperforms scheme 2 due to accurate SINR measurement despite higher overhead. By comparing the cases with lambda = 0.5 and the cases with lambda = 1, it can be observed that UPT gain of scheme 1 increases as the traffic load increases. Scheme 1 shows more gain for low-rate UEs. The reason can be can be due to the impact of SINR accuracy is essential for low-rate UEs.  Scheme 1’s UPT gain is expected to be larger with MU-MIMO operation, because the system is more likely to fall into the interference limited regime.
With 2 symbols less overhead, scheme 1a can provide higher UPT gain than scheme 1 and could achieve higher gain than scheme 2 in both DL and UL. 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.
In Figure 4 and Figure 5, the CDF of per-user UPT of dense urban micro layer are plotted for various traffic loads. It can be observed that scheme 1 achieves higher UPT for most users in medium to high traffic load. 
[image: ][image: ]
[bookmark: _Ref474157395][bookmark: _Ref474157382]Figure 4 UPT CDF for DL:UL=2:1 with DL λ=0.5 (left) and λ=1 (right)
[image: ][image: ]
Figure 5 UPT CDF for DL:UL=1:1 with DL λ=0.5 (left) and λ=1 (right)
Based on the preliminary simulation results, we make the following observation on the system level performance of indoor scenario and we propose time-aligned interference measurement in NR.
Observation 1: Measurement accuracy has notable impact on user packet throughput
Observation 2: In dynamic TDD, higher user packet throughput can be achieved by link adaptation based on time-aligned DL and UL interference measurement over the same resource as scheduled for the corresponding data.
Proposal 1: NR should support time-aligned DL and UL interference measurement over the same resource as scheduled for the corresponding data. 
Potential specification impacts
To enable scheme 1 and scheme 1a, the specification shall define
1) IM-RS that can capture both BS-UE interference and BS to BS and UE to UE interference 
2) Slot structure that enables time-aligned DL and UL IM-RS transmission
3) Physical control and scheduling mechanism that enables resource allocation and transmission rate adaption in two steps so that measurement and measurement reporting can be implemented in between

Conclusion 
In this contribution, we presented simulation results on dynamic TDD at 4GHz in dense urban scenario. Based on the discussion we draw the following observations and proposals:
Observation 1: Measurement accuracy has notable impact on user packet throughput.
Observation 2: In dynamic TDD, higher user packet throughput can be achieved by link adaptation based on time-aligned DL and UL interference measurement over the same resource as scheduled for the corresponding data.
Proposal 1: NR should support time-aligned DL and UL interference measurement over the same resource as scheduled for the corresponding data. 
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Simulation assumptions are listed in the following table, which is based on [5].
	Parameters
	Dense Urban Micro Layer

	Layout
	Single layer
3 Micro TRPs

	Inter-BS distance 
	100m

	Min BS-UE distance
	10m

	Carrier frequency 
	4GHz 

	Simulation bandwidth
	20MHz 

	Channel model [6-8]
	TRP-to-UE: ITU InH [6,7]
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 
	33dBm 

	UE Tx power 
	23dBm

	BS antenna configurations [8]
	(M, N, P, Mg, Ng)=(4, 4, 2, 1, 1) Omni antenna model

	BS antenna height 
	10m

	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
	Based on RSRP measurement [8]

	Traffic model
	FTP-3 model with packet size 0.1MB

	UE distribution
	10 users per TRP 
- 80% indoor
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5%-tile 50%-tile95%-tile Average RU (%) 5%-tile 50%-tile95%-tile Average RU (%) served packet (%)**

Scheme 1 1.26 23.75 45.32 22.71 6.48 1.03 22.93 40.62 20.58 6.78 89

Scheme 1a* 1.51 28.50 54.39 27.25 1.23 27.51 48.74 24.70

Scheme 2 0.86 21.85 53.29 23.05 6.75 0.54 4.92 40.35 10.54 6.47 82

Gain

1over2

(%)

46.51 8.70 -14.96 -1.48 90.74 366.1 0.67 95.26

Gain

1aover2

(%)

75.58 30.43 2.06 18.22 127.8 459.2 20.79 134.4

Scheme 1 1.56 32.82 49.18 27.45 6.50 1.15 25.21 45.92 22.92 3.44 86

Scheme 1a* 1.87 39.38 59.02 32.49 1.38 30.25 55.11 27.50

Scheme 2 1.23 32.21 58.66 29.54 6.65 0.18 5.69 50.29 13.58 3.25 80

Gain

1over2

(%)

26.83 1.89 -16.16 -7.08 538.9 343.1 -8.69 68.78

Gain

1aover2

(%)

52.03 22.26 0.61 9.99 666.7 431.6 9.58 102.5

1:1

DL UPT (Mbps) UL UPT (Mbps)

Dense Urban Scenario micro layer (DL λ=0.5)

DL:UL  

ratio

Feature

2:1
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Sheet1

		Dense Urban Scenario micro layer (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		1.26		23.75		45.32		22.71		6.48		1.03		22.93		40.62		20.58		6.78		89

				Scheme 1a*		1.51		28.50		54.39		27.25				1.23		27.51		48.74		24.70

				Scheme 2		0.86		21.85		53.29		23.05		6.75		0.54		4.92		40.35		10.54		6.47		82

				Gain1over2(%)		46.51		8.70		-14.96		-1.48				90.74		366.1		0.67		95.26

				Gain1aover2(%)		75.58		30.43		2.06		18.22				127.8		459.2		20.79		134.4

		2:1		Scheme 1		1.56		32.82		49.18		27.45		6.50		1.15		25.21		45.92		22.92		3.44		86

				Scheme 1a*		1.87		39.38		59.02		32.49				1.38		30.25		55.11		27.50

				Scheme 2		1.23		32.21		58.66		29.54		6.65		0.18		5.69		50.29		13.58		3.25		80

				Gain1over2(%)		26.83		1.89		-16.16		-7.08				538.9		343.1		-8.69		68.78

				Gain1aover2(%)		52.03		22.26		0.61		9.99				666.7		431.6		9.58		102.5
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5%-tile 50%-tile95%-tile Average RU (%) 5%-tile 50%-tile95%-tile Average RU (%) served packet (%)**

Scheme 1 0.51 10.61 37.27 14.30 12.61 0.51 8.75 31.53 12.15 13.70 82

Scheme 1a* 0.61 12.73 44.72 17.16 0.61 10.50 37.84 14.58

Scheme 2 0.36 5.44 35.73 10.38 13.55 0.30 2.14 9.43 3.24 12.55 80

Gain

1over2

(%)

41.67 95.04 4.31 37.76 70.00 308.9 234.4 275.0

Gain

1aover2

(%)

69.44 134.0 25.16 65.32 103.3 390.7 301.3 350.0

Scheme 1

0.85 15.27 39.85 17.74 13.19 0.49 8.71 32.18 12.11

7.08 90

Scheme 1a*

1.02 18.23 47.49 21.29 0.59 10.45 38.61 14.53

Scheme 2 0.81 11.98 47.60 16.96 13.74 0.27 1.19 16.15 3.38 6.11 82

Gain

1over2

(%)

4.94 27.46 -16.28 4.60 81.48 631.9 99.26 258.3

Gain

1aover2

(%)

25.93 52.17 -0.23 25.53 118.5 778.2 139.1 329.9

2:1

1:1

DL UPT (Mbps) UL UPT (Mbps)

Dense Urban Scenario micro layer (DL λ=1)

DL:UL  

ratio

Feature
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		Dense Urban Scenario micro layer (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		0.51		10.61		37.27		14.30		12.61		0.51		8.75		31.53		12.15		13.70		82

				Scheme 1a*		0.61		12.73		44.72		17.16				0.61		10.50		37.84		14.58

				Scheme 2		0.36		5.44		35.73		10.38		13.55		0.30		2.14		9.43		3.24		12.55		80

				Gain1over2(%)		41.67		95.04		4.31		37.76				70.00		308.9		234.4		275.0

				Gain1aover2(%)		69.44		134.0		25.16		65.32				103.3		390.7		301.3		350.0

		2:1		Scheme 1		0.85		15.27		39.85		17.74		13.19		0.49		8.71		32.18		12.11		7.08		90

				Scheme 1a*		1.02		18.23		47.49		21.29				0.59		10.45		38.61		14.53

				Scheme 2		0.81		11.98		47.60		16.96		13.74		0.27		1.19		16.15		3.38		6.11		82

				Gain1over2(%)		4.94		27.46		-16.28		4.60				81.48		631.9		99.26		258.3

				Gain1aover2(%)		25.93		52.17		-0.23		25.53				118.5		778.2		139.1		329.9
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Dense Urban, DL:UL=1:1, DL A=0.5
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