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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
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. 
In this contribution, we evaluate the performance of dynamic TDD with focus on the impact of the timing of measurement and reporting on performance.  
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 [2][3]. 


[bookmark: _Ref471560796]Figure 1 Interference measurement scheme 1
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 2 Interference measurement scheme 2
Indoor, dense urban and urban macro scenarios as defined in [2] are 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, the two schemes are compared under full buffer traffic model with 1:1 DL/UL traffic radio. Table 1 shows the sum throughput of the two IM schemes under the three deployment scenarios. The gain of scheme 1 is a result of more accurate SINR measurement. When allowing cross-slot scheduling, scheme 1 would have less overhead as discussed in [3], and hence higher gain. 
[bookmark: _Ref471568016]Table 1 Sum throughput of the two IM schemes
	
	Indoor Hotspot
	Dense-urban
	Urban Marco

	Scheme 2
	20.54Mbps
	53.74Mbps
	107.02Mbps

	Scheme 1
	29.56Mbps
	76.10Mbps
	140.09Mbps

	Throughput gain (%)
	43.9%
	[bookmark: _GoBack]41.61%
	30.90%



Observation 1: In dynamic TDD, higher 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. 
Conclusion 
In this contribution, we presented simulation results on dynamic TDD at 4GHz in Indoor, dense urban and urban macro scenarios. Based on the discussion we draw the following observations and proposals:
Observation 1: In dynamic TDD, higher 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 [4].
	Parameters
	Indoor hotspot
	Dense urban
	Urban macro

	Layout
	Single layer
3 BSs in 120m x 50m
	Single layer
Macro layer: Hex, 7 sites, 3 sectors per site
	Single layer
Macro layer: Hex, 7 sites, 3 sectors per site

	Inter-BS distance 
	40m
	200m
	500m

	Min BS-UE distance
	0m
	10m
	35m

	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.
	Macro-to-UE: 3D UMa [7]
Macro-to-Macro: 3D UMa (h_UE=25m); 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. Dual mobility support. 

	BS Tx power 
	24dBm 
	44dBm 
	49dBm 

	UE Tx power 
	23dBm

	BS antenna configurations [7]
	 Single antenna





	BS antenna height 
	3m
	25m 

	BS antenna element gain
	8dBi

	BS receiver noise figure
	5dB

	UE antenna configuration
	Single omni antenna


	UE antenna height
	1.5m
	


	UE receiver noise figure
	9dB

	UE association
	Based on RSRP measurement [7]

	Traffic model
	Full buffer DL/UL traffic ratio 1:1

	UE distribution
	10 users per TRP 
- 100% indoor
	10 users per TRP 
- 80% indoor, 20% outdoor
	10 users per TRP 
- 80% indoor, 20% outdoor
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