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1. Introduction

At the RAN1 #86bis, RAN1 #87 and NR adhoc meeting, several agreements and conclusions were achieved regarding duplexing [1][2], including

	Agreements at RAN1#86bis:
· Slot aggregation is supported

· Data transmission can be scheduled to span one or multiple slots

Agreements at RAN1#87:
· 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

Conclusions at AH NR meeting:

· 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 our companion contributions [3-4], some simulation results for dynamic TDD with different time scales are provided. In this contribution, we provide some further simulation results for dynamic TDD in urban macro scenario. 
2. Possible cases of duplex flexibility

In our companion contribution [5], the cases of single slot scheduling and multi-slot scheduling combined with dynamic TDD are discussed and some system level simulation results in dense urban scenario are provided. In this contribution, we will give some evaluation results in urban macro scenario. The evaluation cases here are the same as that discussed in our companion contribution [5] as follows:
· Case 1: Without resource sharing between control channel and data channel

· Case 1-1: slot level adaptation

· Case 1-2: 2-slot level adaptation

· Case 1-3: 8-slot level adaptation

· Case 2: With resource sharing between control channel and data channel

· Case 2-1: slot level adaptation

· Case 2-2: 2-slot level adaptation

· Case 2-3: 8-slot level adaptation

· Case 3: Dynamic TDD with slot aggregation

· Case 3-1: 2-slot aggregation

· Case 3-2: 8-slot aggregation

3. Evaluation methodology for dynamic TDD
3.1 Scenario and simulation assumption
Taking into account the simulation assumptions related to dynamic TDD agreed in RAN1#86 meeting as shown in the appendix [6], we conduct some system level simulation for the cases discussed in section 2 in urban macro scenario with the following specific assumptions:
· 4GHz carrier frequency is used at macro cells

· Each UE select its serving cell based on RSRP

· DL/UL user packet throughput (UPT) on 4GHz macro-cells are measured
For case 1 and case 3, there is no cross-link interference for control channel since the DL/UL control channel are aligned for different cells. For case 2, there will be cross interference between control and data if the control resources of different cells are not aligned. In our simulation, we assume the control resource of different cells are aligned to avoid cross interference between control and data for simplicity. In addition, the overhead is also composed of three part, i.e., RS overhead, GP overhead and control overhead. The detailed overhead calculation can be found in our companion contribution [5].
3.2 Initial evaluation results
In this section, we provide some initial evaluation results for dynamic TDD in urban macro scenario. The possible cases shown in section 2 are evaluated. In this simulation, the system bandwidth 20MHz and SCS 30kHz are assumed. In addition, for both DL and UL, FTP traffic model 1 with packet size 0.5Mbytes is assumed. The DL/UL arrival rate 4:1 is applied in this simulation. 
The DL and UL performance of dynamic TDD with different control overhead under the same time scales (e.g., a slot time scale) for low load are shown in table I. In this table, we compare the throughput performance in uplink and downlink between static TDD and dynamic TDD with different control overhead. For static TDD, all cells use the same reference TDD UL/DL configuration. In our simulation, TDD UL/DL configuration 2 is assumed. For dynamic TDD, each cell determines its UL/DL transmission direction based on the UL/DL buffer size. If the DL buffer size is larger than the UL buffer size, DL transmission resource is assigned. Otherwise, UL transmission resource is allocated. In addition, interference mitigation using advanced receiver, e.g., MMSE-IRC is adopted for dynamic TDD.
Table I. DL and UL UPT performance of dynamic TDD with different control overhead in low load
	Scenario [Urban macro]

	Ratio of DL/UL traffic
	Feature
	DL UPT (Mbps)
	UL UPT (Mbps)

	
	
	5%-tile
	50%-tile
	95%-tile
	Average
	Served/offered packets
	RU (%)
	5%-tile
	50%-tile
	95%-tile
	Average
	Served/offered packets
	RU (%)

	4:1
	Static TDD
	35.4
	79.9
	113
	79.2
	0.997
	19.1
	1.62
	15.0
	30.7
	15.4
	0.963
	17.7

	
	Case 1-1
	13.3
	93.2
	123
	84.0
	0.996　
	13.9　
	1.90
	22.2
	89.2
	30.7
	0.940　
	18.1　

	
	
	(62.4%)
	(16.7%)
	(8.82%)
	(6.12%)
	
	
	(17.7%)
	(48.1%)
	(190%)
	(99.0%)
	
	

	
	Case 2-1
	11.6
	101
	131
	88.6
	0.996　
	14.1　
	1.77
	24.9
	99.9
	32.8
	0.949　
	14.8　

	
	
	(67.4%)
	(26.5%)
	(15.6%)
	(11.9%)
	
	
	(9.62%)
	(66.2%)
	(225%)
	(113%)
	
	

	Note (interference mitigation/cancellation schemes, evaluation assumption, etc):

· Interference mitigation schemes
· At the transmitter, fixed analog beamforming and SVD precoding is applied.
· At the receiver, MMSE-IRC receiver is applied.

· Ideal channel estimation

· FTP model 1 with 0.5Mbytes
*Red fonts denote the gain is negative.


From table I, it can be seen that dynamic TDD achieves better UPT gain than static TDD in low load. For DL, 5%-tile UPT performance is worse than that of static TDD, the reason is that cell-edge user may suffer larger UE-UE interference due to smaller UE-UE distance. In addition, dynamic TDD with resource sharing between control channel and data channel can achieve better UPT gain than dynamic TDD without resource sharing between control channel and data channel unless at the 5%-tile UPT due to the overhead reduction.
Observation 1:
· 5%-tile DL UPT performance of dynamic TDD is worse than that of static TDD due to the impact of UL-to-DL cross-link interference on cell-edge users.
· However, in other cases, dynamic can achieve better UPT performance than static TDD (maximally 11.9%  in DL average UPT and 113% in UL), and 8 slots aggregation is more preferable. 
The DL and UL performance of dynamic TDD with single slot scheduling under different time scales (e.g., a slot, 2 slots an 8 slots time scale) for low load are shown in table II.

Table II. DL and UL UPT performance of dynamic TDD under different time scales in low load
	Scenario [Urban macro]

	Ratio of DL/UL traffic
	Feature
	DL UPT (Mbps)
	UL UPT (Mbps)

	
	
	5%-tile
	50%-tile
	95%-tile
	Average
	Served/offered packets
	RU (%)
	5%-tile
	50%-tile
	95%-tile
	Average
	Served/offered packets
	RU (%)

	4:1
	Static
TDD
	35.4
	79.9
	113
	79.2
	0.997
	19.1
	1.62
	15.0
	30.7
	15.4
	0.963
	17.7

	
	Case 1-1
	13.3
	93.2
	123
	84.0
	0.996　
	13.9

　
	1.90
	22.2
	89.2
	30.7
	0.940　
	18.1　

	
	
	(62.4%)
	(16.67%)
	(8.82%)
	(6.12%)
	
	
	(17.7%)
	(48.1%)
	(190%)
	(99.0%)
	
	

	
	Case 
1-2
	8.53
	85.6
	123.4
	79.4
	0.997　
	14.5

　
	2.1443
	24.385
	93.207
	31.54
	0.944　
	17.6　

	
	
	(75.9%)
	(7.14%)
	(8.82%)
	(0.34%)
	
	
	(32.6%)
	(62.8%)
	(203%)
	(105%)
	
	

	
	Case 
1-3
	11.7
	85.6
	123
	80.6
	0.995　
	14.1

　
	1.87
	21.6
	98.7
	31.9
	0.951　
	17.0　

	
	
	(66.9%)
	(7.14%)
	(8.82%)
	(1.78%)
	
	
	(15.7%)
	(44.3%)
	(221%)
	(107%)
	
	

	Note (interference mitigation/cancellation schemes, evaluation assumption, etc):

· Interference mitigation schemes
· At the transmitter, fixed analog beamforming and SVD precoding is applied.
· At the receiver, MMSE-IRC receiver is applied.

· Ideal channel estimation
· FTP model 1 with 0.5Mbytes

*Red fonts denote the gain is negative.


From table II, it can be seen that dynamic TDD with different time scales achieves slightly better DL UPT gain for non-cell-edge users than static TDD in low load. However, dynamic TDD with different time scales will suffer DL UPT performance degradation for cell-edge users in low load which is the same as the observation in dense urban. In addition, dynamic TDD with different time scales achieves significant UL UPT gain than static TDD in low load. And the performance gap among different time scales is very small.
Observation 2:
· For DL, dynamic TDD with different time scales can achieve slightly better performance than static TDD in low load (maximally 6.12% in average UPT), while slight performance degradation can be observed at 5%-tile UPT in low load. 
· A slot time scale is more preferable.
· For UL, dynamic TDD with different time scales can achieve significant performance gain than static TDD in low load (maximally 107% in average UPT).
· Time scale has no large impact on the performance in terms of average UPT, but some impact on 5%-ile UPT (2 slots time scale is more preferable) 
The DL and UL performance of dynamic TDD without and with slot aggregation (e.g., a slot, 2 slots an 8 slots aggregation) for low load are shown in table III. From table III, it can be seen that in low load, dynamic TDD with slot aggregation achieves better UPT gain than dynamic TDD without slot aggregation.

Observation 3:
· Dynamic TDD with slot aggregation can achieve better performance gain than dynamic TDD without slot aggregation.
Table III. DL and UL UPT performance of dynamic TDD without and with slot aggregation in low load
	Scenario [Urban macro]

	Ratio of DL/UL traffic
	Feature
	DL UPT (Mbps)
	UL UPT (Mbps)

	
	
	5%-tile
	50%-tile
	95%-tile
	Average
	Served/offered packets
	RU (%)
	5%-tile
	50%-tile
	95%-tile
	Average
	Served/offered packets
	RU (%)

	4:1
	Static
	35.4
	79.9
	113
	79.2
	0.997
	19.1
	1.62
	15.0
	30.7
	15.4
	0.963
	17.7

	
	Case
1-1
	13.3
	93.2
	123
	84.0
	0.996　
	13.9　
	1.90
	22.2
	89.2
	30.7
	0.940　
	18.1　

	
	
	(62.4%)
	(16.7%)
	(8.82%)
	(6.12%)
	
	
	(17.7%)
	(48.1%)
	(190%)
	(99.0%)
	
	

	
	Case
3-1
	15.8
	115
	140
	98.6
	0.997　
	10.9　
	2.22
	23.2
	96.4
	32.6
	0.936　
	18.1　

	
	
	(55.3%)
	(43.8%)
	(23.3%)
	(24.6%)
	
	
	(37.5%)
	(55.1%)
	(214%)
	(112%)
	
	

	
	Case
3-2
	13.4
	112
	147
	97.3
	0.998
	10.4　
	2.12
	35.2
	123
	44.6
	0.959　
	14.7　

	
	
	(62.0%)
	(40.0%)
	(29.8%)
	(22.9%)
	
	
	(31.0%)
	(135%)
	(301%)
	(189%)
	
	

	Note (interference mitigation/cancellation schemes, evaluation assumption, etc):

· Interference mitigation schemes
· At the transmitter, fixed analog beamforming and SVD precoding is applied.
· At the receiver, MMSE-IRC receiver is applied.

· Ideal channel estimation

· FTP model 1 with 0.5Mbytes


4. Summary
In this contribution, we provide some further evaluation results for dynamic TDD in urban macro scenario. The observations and proposals are summarized as follows.
Observation 1:
· 5%-tile DL UPT performance of dynamic TDD is worse than that of static TDD due to the impact of UL-to-DL cross-link interference on cell-edge users.
· However, in other cases, dynamic can achieve better UPT performance than static TDD (maximally 11.9%  in DL average UPT and 113% in UL), and 8 slots aggregation is more preferable. 
Observation 2:
· For DL, dynamic TDD with different time scales can achieve slightly better performance than static TDD in low load (maximally 6.12% in average UPT), while slight performance degradation can be observed at 5%-tile UPT in low load.
· A slot time scale is more preferable.
· For UL, dynamic TDD with different time scales can achieve significant performance gain than static TDD in low load (maximally 107% in average UPT).
· Time scale has no large impact on the performance in terms of average UPT, but some impact on 5%ile UPT (2 slots time scale is more preferable) 
Observation 3:
· Dynamic TDD with slot aggregation can achieve better performance gain than dynamic TDD without slot aggregation.
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Appendix
Table VII. Simulation assumptions
	Parameters
	Urban macro

	Layout
	Single layer
· Macro layer: Hex. Grid

	Inter-BS distance 
	500m

	Carrier frequency 
	4GHz 

	Aggregated system 
bandwidth
	4GHz: 20MHz

	Simulation bandwidth
	20MHz per CC below 6GHz and 80 MHz per CC above 6GHz 
Note: UE TX power scaling will impact final results

	Channel model
	Below 6GHz:
·  Macro-to-UE: 3D UMa
·  Macro-to-Macro: 3D UMa (h_UE=25m)
· UE-to-UE: A.2.1.2 in TR36.843
Above 6GHz:
·  Macro-to-UE: 5GCM UMa
·  Macro-to-Macro: 5GCM UMa (h_UE=25m) 
·  UE-to-UE: 5GCM UMi (h_BS=1.5m ~ 22.5m)

	BS Tx power 
	Below 6GHz: 49 dBm PA scaled with simulation BW when system BW is higher than simulation BW. Otherwise, 49 dBm
Above 6GHz: 43 dBm [scaled with simulation BW when system BW is higher than simulation BW. Otherwise, 43 dBm]


	UE Tx power 
	23dBm

	BS antenna configurations
	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)=(4,8,2,2,2) (dH,dV,dH,g,dV,g)=(0.5,0.5,4.0,2.0)λ

	BS antenna height 
	25m

	BS antenna element gain + connector loss
	8dBi

	BS receiver noise figure
	Below 6GHz: 5dB

Above 6GHz: 7dB

	UE antenna configuration
	2Tx, 2Rx

	UE antenna height
	hUT=3(nfl-1)+1.5
nfl for outdoor UEs: 1
nfl for indoor UEs: nfl~uniform(1,Nfl) where Nfl~uniform(4,8)


	UE antenna element gain pattern
	Omnidirectional

	UE antenna gain
	Follow the modeling of TR36.873

	UE receiver noise figure
	Below 6GHz: 9dB
Above 6GHz: 13dB (baseline performance)

	Traffic model
	FTP model 1 with packet size 0.5Mbytes. 

	Traffic load (Resource utilization)
	For baseline scheme: 25, 50 and 80% 

Ratio of DL/UL traffic =4:1

	UE distribution
	For FTP traffic model 3: 10 users per macro TRP 
80% indoor (3km/h) and 20% outdoor (30km/h)


	UE receiver
	MMSE-IRC as the baseline receiver

	Feedback assumption
	Ideal

	Channel estimation
	Ideal
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