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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 dense urban scenario. 
2. Discussion on duplex flexibility

At the RAN1 #87 meeting, it was agreed that 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. Other possible adaptation levels are still FFS.
On the other hand, at the RAN1 #86bis meeting, it was agreed that data transmission can be scheduled to span one or multiple slots. Therefore, when we discuss duplex flexibility, both single slot scheduling and multi-slot scheduling should be considered. However, how to combine single slot/multi-slot scheduling and dynamic TDD are still FFS.

For dynamic TDD, in the case of single slot scheduling, the DL and UL transmission directions can be changed based on a specific time scale. In our companion contributions [3-4], the impact of different time scales for dynamic TDD were evaluated under the assumption that resource sharing between control channel and data channel is not allowed, i.e. both control and data channels are not assigned within the same OFDM symbol. However, it was also agreed that NR should support dynamic reuse of at least part of resources in the control resource sets for data for the same or a different UE, at least in the frequency domain and support ‘UCI on PUSCH’, i.e. using some of the scheduled resources for UCI in case of simultaneous UCI and data. Therefore, resource sharing between control channel and data channel should also be considered to improve the resource utilization more efficiently for dynamic TDD. 
Based on the above discussion, the conceivable cases for single slot scheduling combined with dynamic TDD are as follows, which are illustrated in Fig.1 and Fig.2, respectively:
· 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
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Case 1-1: slot level adaptation
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Case 1-2: 2-slot level adaptation
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Case 1-3: 8-slot level adaptation
Fig.1. Without resource sharing between control channel and data channel
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Case 2-1: slot-level adaptation
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Case 2-2: 2-slot level adaptation
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Case 2-3: 8-slot level adaptation
Fig.2. With resource sharing between control channel and data channel

In the case of multi-slot scheduling, i.e., slot aggregation, DL and UL transmission direction could not be changed over the aggregated slots. Hence, the time scale of DL/UL switching is limited by the duration of aggregated slots even though it was agreed that transmission direction is configurable on a per-slot basis. It is obvious that the control signaling overhead and UL/DL switching overhead can be reduced from slot aggregation and the amount of overhead reduction is in proportion to the number of aggregated slots. In this contribution, we will consider the following cases for slot aggregation in dynamic TDD, which are illustrated in Fig.3:

· Case 3: Dynamic TDD with slot aggregation

· Case 3-1: 2-slot aggregation

· Case 3-2: 8-slot aggregation
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Case 3-1: 2-slot aggregation
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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 at the RAN1#86 meeting as shown in the appendix and in [5], we conduct some system level simulation for the cases discussed in section 2 in dense urban scenario with the following specific assumptions:
· 4GHz carrier frequency is used at macro cells

· 30GHz carrier frequency is used at micro-cells

· Each UE measures these two frequencies and select one cell based on RSRP/RSRQ

· DL/UL user packet throughput (UPT) on 30GHz micro-cells are measured
For case 1 and case 3, there is no cross-link interference for control channel since the DL/UL control channels 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 resources of different cells are aligned to avoid cross interference between control and data for simplicity. 
The overhead calculation for different cases is considered as follows. The overhead is composed of three parts, i.e., RS overhead, GP overhead and control overhead. The RS overhead is assumed just tentatively based on LTE DMRS for all cases. The GP and control overhead are different depending on different simulation cases. For case 1, fixed control/GP overhead is assumed as shown in Fig.1. The overhead calculation is given in table I. For case 2, the control overhead is calculated based on the overhead assumption in sTTI [6] and fixed GP overhead is assumed as shown in Fig.2. For case 3, the control overhead is also calculated based on the overhead assumption in sTTI and fixed GP overhead in the aggregated slots are assumed. Table II and Table III give the overhead calculation for case 2 and case 3 respectively.
Table I. Overhead calculation for case 1
	Overhead
	DL-centric slot
	UL-centric slot

	DL control channel
	1 symbol/slot=7.14%
	1 symbol/slot=7.14%

	UL control channel
	1 symbol/slot=7.14%
	1 symbol/slot=7.14%

	GP
	1 symbol/slot=7.14%
	1 symbol/slot=7.14%

	DMRS
	12 REs/slot=7.14%
	12 REs/slot=7.14%

	Total
	28.57%
	28.57%


Table II. Overhead calculation for case 2
	Overhead
	DL-centric slot
	UL-centric slot

	DL control channel
	2*2*4*9/(600*14)=1.71%
	1 symbol/slot=7.14%

	UL control channel
	1 symbol/slot=7.14%
	2*2*4*9/(600*14)=1.71%

	GP
	1 symbol/slot=7.14%
	1 symbol/slot=7.14%

	DMRS
	12 REs/slot=7.14%
	12 REs/slot=7.14%

	Total
	23.13%
	23.13%


Table III. Overhead calculation for case 3
	Case 3-1
	Overhead
	DL
	UL

	
	DL control channel
	(600+2*2*4*9)/(600*14*2)=4.43%
	1symbol/2 slots=3.57%

	
	UL control channel
	1symbol/2 slots=3.57%
	(600+2*2*4*9)/(600*14*2)=4.43%

	
	GP
	1symbol/2 slots=3.57%
	1symbol/2 slots=3.57%

	
	DMRS
	12 REs/slot=7.14%
	12 REs/slot=7.14%

	
	Total
	18.71%
	18.71%

	Case 3-2
	DL control channel
	(600+7*2*2*4*9)/(600*14*8)=2.39%
	1symbol/8 slots =0.89%

	
	UL control channel
	1symbol/8 slots =0.89%
	(600+7*2*2*4*9)/(600*14*8)=2.39%

	
	GP
	1symbol/8 slots =0.89%
	1symbol/8 slots =0.89%

	
	DMRS
	12 REs/slot =7.14%
	12 REs/slot =7.14%

	
	Total
	11.31%
	11.31%


3.2 Initial evaluation results
In this section, we provide some initial evaluation results for dynamic TDD in dense urban scenario. The possible cases shown in section 2 are evaluated. In this simulation, the system bandwidth 80MHz and SCS 120kHz 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 different RU are shown in table IV and V, respectively. In each table, we compare the throughput gain in uplink and downlink between static TDD and dynamic TDD with different control overhead. For static TDD, all micro cells use the same reference TDD UL/DL configuration. In our simulation, TDD UL/DL configuration 2 is assumed. For dynamic TDD, each micro 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 IV.  DL and UL UPT performance of dynamic TDD with different control overhead in low load
	Scenario [Dense urban]

	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
	125
	280
	453
	290
	0.990
	16.5
	31.0
	72.6
	111
	72.7
	0.965
	15.5

	
	Case 1-1
	119
	314
	494
	322
	0.992　
	18.3　
	77.1
	221
	390
	222
	0.993　
	15.8　

	
	
	(4.61%)
	(12.1%)
	(8.82%)
	(10.7%)
	
	
	(149%)
	(204%)
	(251%)
	(206%)
	
	

	
	Case 2-1
	119
	326
	524
	336
	0.993　
	18.2　
	97.0
	247
	430
	254
	0.992　
	14.7　

	
	
	(4.95%)
	(16.5%)
	(15.6%)
	(15.8%)
	
	
	(212%)
	(240%)
	(287%)
	(250%)
	
	

	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.


Table V.  DL and UL UPT performance of dynamic TDD with different control overhead in medium load
	Scenario [Dense urban]

	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
	70.1
	197
	442
	217
	0.969
	36.0
	23.6
	64.0
	108
	63.4
	0.903
	27.9

	
	Case 1-1
	38.3
	178
	479
	207
	0.939　
	48.1　
	44.8
	147
	339
	163
	0.977　
	41.4　

	
	
	(45.3%)
	(9.58%)
	(8.57%)
	(4.50%)
	
	
	(90.0%)
	(129%)
	(214%)
	(157%)
	
	

	
	Case 2-1
	47.1
	214
	524
	238
	0.981　
	43.2　
	46.4
	150
	339
	168
	0.981　
	39.6　

	
	
	(32.7%)
	(8.28%)
	(18.7%)
	(9.83%)
	
	
	(96.8%)
	(135%)
	(214%)
	(164%)
	
	

	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 IV and table V, it can be seen that dynamic TDD can obtain better DL UPT gain than static TDD for non-cell-edge users and the gain is larger when the control overhead is lower. The DL UPT of cell-edge users will degrade in dynamic TDD since cell-edge user may suffer larger UE-UE interference due to smaller UE-UE distance. Furthermore, it can be seen that DL UPT of dynamic TDD without resource sharing between control channel and data channel is worse than that of static TDD due to the large overhead caused by frequent UL/DL switching and control signalling, while the DL UPT of dynamic TDD with resource sharing between control channel and data channel is better than that of static TDD. For UL, dynamic TDD achieves significant UPT gain than static TDD and with the reduction of control overhead, better UPT performance can be obtained.
Observation 1:
· Dynamic TDD with resource sharing between data channel and control channel can achieve better performance gain than dynamic TDD without resource sharing between data channel and control channel thanks to the lower overhead of control channel.
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 different RU are shown in table VI-I, VI-II, VII-I and VII-II, respectively.
Table VI. DL and UL UPT performance of dynamic TDD with single slot scheduling 

under different time scales in low load
	Scenario [Dense urban]

	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
	125
	280
	453
	290
	0.990
	16.5
	31.0
	72.6
	111
	72.7
	0.965
	15.5

	
	Case 1-1
	119
	314
	493
	322
	0.992　
	18.3　
	77.1
	221
	390
	222
	0.993　
	15.8　

	
	
	(4.61%)
	(12.1%)
	(8.82%)
	(10.7%)
	
	
	(149%)
	(204%)
	(251%)
	(206%)
	
	

	
	Case 1-2
	106
	292
	493
	308
	0.983　
	19.6　
	77.0
	221
	399
	225
	0.997　
	16.6　

	
	
	(14.9%)
	(4.35%)
	(8.82%)
	(6.02%)
	
	
	(148%)
	(204%)
	(260%)
	(210%)
	
	

	
	Case 1-3
	94.8
	294
	493
	306
	0.987　
	19.5　
	79.9
	218
	399
	223
	0.992　
	16.0　

	
	
	(24.0%)
	(5.26%)
	(8.82%)
	(5.30%)
	
	
	(157%)
	(200%)
	(260%)
	(207%)
	
	

	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.


Table VI. DL and UL UPT performance of dynamic TDD with single slot scheduling 

under different time scales in medium load

	Scenario [Dense urban]

	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
	70.1
	197
	442
	217
	0.969
	36.0
	23.6
	64.0
	108
	63.4
	0.903
	27.9

	
	Case 1-1
	38.3
	178
	479
	207
	0.939　
	48.1　
	44.8
	147
	339
	163
	0.977　
	41.4　

	
	
	(45.3%)
	(9.58%)
	(8.57%)
	(4.50%)
	
	
	(90.0%)
	(129%)
	(214%)
	(157%)
	
	

	
	Case 1-2
	38.3
	173
	479
	202
	0.927　
	48.8　
	30.2
	132
	300
	144
	0.975　
	47.6　

	
	
	(45.4%)
	(12.4%)
	(8.57%)
	(6.62%)
	
	
	(28.2%)
	(106%)
	(178%)
	(128%)
	
	

	
	Case 1-3
	40.3
	179
	486
	211
	0.943　
	45.4　
	33.9
	129
	311
	145
	0.969　
	46.0　

	
	
	(42.5%)
	(9.09%)
	(10.1%)
	(2.54%)
	
	
	(43.9%)
	(101%)
	(188%)
	(128%)
	
	

	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 VI and table VI, it can be seen that in low load, dynamic TDD with different time scales can achieve better DL UPT gain than that of static TDD. However, in medium load, dynamic TDD with different time scales will cause slight degradation in terms of DL UPT than static TDD. The performance gap among different time scales is very small.
For UL, it can be seen that dynamic TDD with different time scales can achieve significant UL UPT gain in both low load and medium load than static TDD. This is mainly caused by the traffic adaptation flexibility of dynamic TDD. And the performance gap among different time scales is very small, especially in low load.

Observation 2:
· For DL: 
· In low load case, dynamic TDD can achieve almost the same or better UPT performance than static TDD (maximally 10.7% in average UPT), and smaller time scale, i.e. 1 slot, is more preferable. 
· In medium load case, dynamic TDD has lower 5%ile / 50%-tile / average UPT performance than static TDD, but degradation of average UPT is not serious (-2.54% in 8 slots time scale). In this case, larger time scale, i.e. 8 slots, is more preferable. 
· For UL: 
· In low load case, dynamic TDD can achieve better UPT performance than static TDD (maximally 210% in average UPT), and time scale has not a large impact on the performance.
· In medium load case, dynamic TDD can also achieve better UPT performance than static TDD (maximally 157% in average UPT), and smaller time scale, i.e. 1 slot, 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 different RU are shown in table VIII-I, VIII-II, XI-I and XI-II, respectively.

Table VIII. DL and UL UPT performance of dynamic TDD without and with slot aggregation in low load
	Scenario [Dense urban]

	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
	125
	280
	453
	290
	0.990
	16.5
	31.0
	72.6
	111
	72.7
	0.965
	15.5

	
	Case 1-1
	119
	314
	493
	322
	0.992　
	18.3　
	77.1
	221
	390
	222
	0.993　
	15.8　

	
	
	(4.61%)
	(12.1%)
	(8.82%)
	(10.7%)
	
	
	(149%)
	(204%)
	(251%)
	(206%)
	
	

	
	Case 3-1
	141
	350
	559
	363
	0.990　
	16.3　
	97.5
	260
	460
	262
	0.995　
	13.7　

	
	
	(13.0%)
	(25.0%)
	(23.3%)
	(25.1%)
	
	
	(214%)
	(258%)
	(314%)
	(261%)
	
	

	
	Case 3-2
	141
	365
	569
	370
	0.994　
	15.4　
	103
	262
	436
	261
	0.996　
	12.2　

	
	
	(13.0%)
	(30.4%)
	(25.4%)
	(27.3%)
	
	
	(232%)
	(261%)
	(292%)
	(259%)
	
	

	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.


Table IX. DL and UL UPT performance of dynamic TDD without and with slot aggregation in medium load
	Scenario [Dense urban]

	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
	70.1
	197
	442
	217
	0.969
	36.0
	23.6
	64.0
	108
	63.4
	0.903
	27.9

	
	Case 1-1
	38.3
	178
	479
	207
	0.939　
	48.1　
	44.8
	147
	339
	163
	0.977　
	41.4　

	
	
	(45.3%)
	(9.58%)
	(8.57%)
	(4.50%)
	
	
	(90.0%)
	(129%)
	(214%)
	(157%)
	
	

	
	Case 3-1
	49.8
	243
	550
	263
	0.958　
	38.0　
	55.0
	181
	386
	195
	0.979　
	36.1　

	
	
	(28.9%)
	(23.2%)
	(24.6%)
	(21.5%)
	
	
	(133%)
	(183%)
	(257%)
	(208%)
	
	

	
	Case 3-2
	54.1
	245
	550
	266
	0.971　
	36.8
	52.3
	170
	365
	187
	0.982　
	34.8　

	
	
	(22.7%)
	(24.1%)
	(24.6%)
	(22.6%)
	
	
	(122%)
	(166%)
	(238%)
	(195%)
	
	

	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 VIII and table IX, it can be seen that DL UPT performance of dynamic TDD with slot aggregation is better than that of dynamic TDD without slot aggregation. And with the increase of aggregated slots, the DL UPT gain becomes larger. This is because control signaling overhead and UL/DL switching overhead is reduced from slot aggregation and the amount of overhead reduction is in proportion to the number of aggregated slots which can be seen from table I and table III.
In addition, it can be seen that UL UPT performance of dynamic TDD with slot aggregation is better than that of without slot aggregation. However, with the increase of aggregated slots, slight UL UPT performance degradation can be observed. This is because the more the aggregated slots, the larger the latency is.
Observation 3:
· Dynamic TDD with slot aggregation can achieve better performance gain than dynamic TDD without slot aggregation.
· For DL, with the increase of aggregated slots, better performance can be achieved.
· For UL, with the increase of aggregated slots, slightly worse performance can be observed.
4. Summary
In this contribution, we provide some further evaluation results for dynamic TDD in dense urban scenario. The observations and proposals are summarized as follows.
Observation 1:
· Dynamic TDD with resource sharing between data channel and control channel can achieve better performance gain than dynamic TDD without resource sharing between data channel and control channel thanks to the lower overhead of control channel.
Observation 2:
· For DL: 
· In low load case, dynamic TDD can achieve almost the same or better UPT performance than static TDD (maximally 10.7% in average UPT), and smaller time scale, i.e. 1 slot, is more preferable. 
· In medium load case, dynamic TDD has lower 5%ile / 50%-tile / average UPT performance than static TDD, but degradation of average UPT is not serious (-2.54% in 8 slots time scale). In this case, larger time scale, i.e. 8 slots, is more preferable. 
· For UL: 
· In low load case, dynamic TDD can achieve better UPT performance than static TDD (maximally 210% in average UPT), and time scale has not a large impact on the performance.
· In medium load case, dynamic TDD can also achieve better UPT performance than static TDD (maximally 157% in average UPT), and smaller time scale, i.e. 1 slot, is more preferable. 
Observation 3:
· Dynamic TDD with slot aggregation can achieve better performance gain than dynamic TDD without slot aggregation.

· For DL, with the increase of aggregated slots, better performance can be achieved.

· For UL, with the increase of aggregated slots, slightly worse performance can be observed.
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Appendix
Table X-I. Simulation assumptions
	Parameters
	Values

	Scenario
	Dense urban

	Layout
	Two layer:
·  Macro layer: Hex. Grid
·  Micro layer: Random drop (All micro BSs are outdoor)
·  3 micro BSs per macro BS

	Inter-BS distance
	Macro-to-macro: 200m
Macro-to-micro: 105m [TR36.897]
Micro-to-micro:40m

	Minimum BS-UE (2D) distance
	Macro-to-UE: 35m [TR36.897]
Micro-to-UE: 10m [TR36.897]

	Minimum UE-UE (2D) distance
	3m [TR36.843]

	Carrier frequency
	Macro layer: 4 GHz, 30 GHz [TR38.913]
Micro layer: 30 GHz

	Aggregated system 
bandwidth
	4GHz: Up to 200MHz (DL+UL) 
30GHz: Up to1GHz (DL+UL)

	Simulation bandwidth
	20MHz per CC below 6GHz and 80 MHz  per CC above 6GHz 
Note: For FDD, simulation BW is split equally between UL and DL
Note: UE TX power scaling will impact final results

	Channel model
	Below 6GHz:
·  Macro-to-UE: 3D UMa
·  Micro-to-UE: 3D UMi
·  Macro-to-Macro: 3D UMa O-to-O (h_UE=25m) ASA and ZSA statistics* updated to be the same as ASD and ZSD; ZoD offset = 0
·  Macro-to-Micro: 3D UMa O-to-O
·  Micro-to-Micro: 3D UMi O-to-O (h_UE=10m), 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. 
Above 6GHz:
·  Macro-to-UE: 5GCM UMa
·  Micro-to-UE: 5GCM UMi
·  Macro-to-Macro: 5GCM UMa O-to-O (h_UE=25m); ASA and ZSA statistics updated to be the same as ASD and ZSD; ZoD offset = 0
·  Macro-to-Micro: 5GCM UMa O-to-O
·  Micro-to-Micro: 5GCM UMi O-to-O (h_UE=10m); ASA and ZSA statistics updated to be the same as ASD and ZSD; ZoD offset = 0
· UE-to-UE: 5GCM UMi; ASD and ZSD statistics updated to be the same as ASA and ZSA.  

	BS Tx power
	Below 6GHz: 44 dBm PA scaled with simulation BW when system BW is higher than simulation BW. Otherwise, 44 dBm
Above 6GHz: 33 dBm PA scaled down with simulation BW when system BW is higher than simulation BW. Otherwise, 33 dBm

	UE Tx power
	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)=(4,8,2,2,2) (dH,dV,dH,g,dV,g)=(0.5,0.5,4.0,2.0)λ

	BS antenna height
	Macro: 25m
Micro: 10m

	BS antenna element gain pattern
	Below 6GHz:

According to TR36.873
Above 6GHz: 
According to table X-II

	BS antenna element gain + connector loss
	8 dBi

	BS receiver noise figure
	Below 6GHz: 5 dB
Above 6GHz: 7 dB

	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 gain
	Follow the modeling of TR36.873

	UE antenna element gain pattern
	Omnidirectional

	UE receiver noise figure
	Below 6GHz: 9 dB
Above 6GHz: 13 dB

	UE distribution
	80% indoor (3km/h) and 20% outdoor (30km/h)

	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 receiver
	MMSE-IRC as the baseline receiver

	BS receiver
	MMSE-IRC as the baseline receiver

	Feedback assumption
	Ideal

	Channel estimation
	Ideal


Table X-II. BS antenna element gain pattern

	Parameter
	Values

	Antenna element vertical radiation pattern (dB)
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	Antenna element horizontal radiation pattern (dB)
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	Combining method for 3D antenna element pattern (dB)
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	Maximum directional gain of an antenna element GE,max
	8 dBi


- 7/11 -

_1544257109.vsd
文本�

�

Fixed DL 
(DL Control)


Fixed UL 
(UL Control)


�

DL/UL�

�

�

�

�

�

�

8 Slots



_1547627955.vsd
文本�

DL Data and control resource sharing



UL data and control resource sharing


DL/UL


Slot



_1547627998.vsd
文本�

DL Data and control resource sharing



UL data and control resource sharing


DL/UL�

2 Slots



_1547628023.vsd
文本�

DL/UL�

8 Slots


DL Data and control resource sharing



UL data and control resource sharing



_1547558839.vsd
文本�

DL/UL�

8 Slots



_1547625938.vsd
文本�

Fixed DL 
(DL Control)


Fixed UL 
(UL Control)


DL/UL


Slot



_1547558349.vsd
文本�

DL/UL�

2 Slots



_1535896260.unknown

_1544257090.vsd
文本�

�

Fixed DL 
(DL Control)


Fixed UL 
(UL Control)


�

DL/UL�

2 Slots



_1535896434.unknown

_1535895752.unknown

