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1. Introduction & Background

In RAN1#87 meeting, the following agreements are achieved on dynamic TDD [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

· 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.
In this contribution, we provide preliminary simulation results for traffic adaptation performance of different slot adjustment periods in a single cell scenario. Based on the observations of simulation results, we further discuss and propose the mechanism of slot type indication and downlink control signaling design.
2. Traffic Adaptation Simulation
Theoretically, per-slot transmission direction adjustment and indication are the most flexible for the traffic adaptation. The transmission resource can be adapted to the DL and UL traffic volume instantly.  But in real system, there is UL BO (buffer occupation) report delay because of the UL scheduler.  The ratio of UL and DL BO is not changing so much in each slot, where the slot is sub-ms level in a typical NR system. Dynamic TDD with longer period also has benefit in some scenarios. In our simulation, preliminary simulation results of different slot adjustment periods in a single cell with FTP traffic model are provided.  It should be noted that cross link interference issue is not considered in the simulation. The evaluation is focused on the pure traffic adaption performance.
There are 4 simulation cases:
· Case1: Static TDD
Based on the uplink and downlink traffic ratio and spectrum efficiency, the slot assignment pattern is fixed to be 4 DL slots followed by 1 UL slot.
· Case2: Per slot dynamic TDD

It is assumed that the direction of each slot can be decided and indicated to UE immediately. The direction is decided based on the instant amount of uplink BO (Buffer Occupation) and downlink BO. No uplink BO report delay in the preliminary simulation. 
· Case3&Case4: Periodical dynamic TDD
The directions of n slots can be decided and indicated to UE each N slot. N is assumed to be 10 and 40 for case3 and case4, respectively. And the initial DL and UL pattern is set to be 4:1. For example, when N =10, the initial pattern is 8 DL slots followed by 2 UL slots. During the simulation, the slot pattern will be decided at the beginning of each n slot. The number of downlink slots and uplink slots in the period is based on the UL BO and DL BO.
Figure 1 and Figure2 show the performance of mean packet throughput in difference system loads for the 4 cases.  The simulation is based on 60KHz subcarrier space and 0. 125ms slot length. Figure3 and Figure4 show the performance based on 15KHz subcarrier space and 0. 5ms slot length. Figure 5 and Figure6 show the performance of uplink mean packet throughput with different UL BO report delay in 60KHz scenario.  
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Figure 4 Uplink Performance @0.5ms slot length 
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Figure 5 Downlink performance with UL BO delay 

Figure 6 Uplink performance with UL BO delay
Observation 1: Dynamic TDD can significantly improve the UL and DL packet throughput in single cell without cross link interference. 
Observation 2: Shorter period dynamic TDD shows better performance.
Observation 3: When the slot length is very short, e.g. 0.125ms, the 10 slots period dynamic TDD shows very similar performance gain to per slot dynamic TDD.
Observation 4: There is significant performance degradation when the period is 40 slots.  Properly select the adjustment and indication period can maximize the system performance.
Observation 5: Uplink packet throughput is highly related to the UL BO report delay. UL BSR scheduling method should be optimized in NR dynamic TDD design.
More detailed simulation assumptions and evaluation results are provided in the ANNEX.
3. Discussion
3.1 Slot type decision and indication period
It is observed that dynamic TDD can significantly improve the UL and DL packet throughput. For different periods of slot type decision and indication, shorter period shows better performance, as it can timely adapted to the traffic requirement with ideal condition.  When the slot length is very short, 0.125ms as an example, the 10 slots period dynamic TDD shows very similar performance gain to per-slot dynamic TDD. So, a proper period to execute the slot assignment and indication will benefit the system performance for different deployment scenarios. There are several options to execute the per-slot based DL and UL transmission direction assignment. 
· Option 1: Execute the slot type decision and indication in every slot. 
In this option, the system and UE will never know what type of next slot will be, so the UE must demodulate the DL control channel for slot type indication in every slot.  If the slot type does not have DL control region, the UE cannot detect the slot type indication, the UE can just skip the slot without additional TX and RX.  NR should support several slot types, such as DL dominated self-contained slot, DL with control, DL without control, UL dominated self-contained slot, UL normal slot, etc. So, 2-3 bits information to indicate the slot types is needed.  In order to demodulate the slot type instantly, a very simple DL control channel design is preferred such as PCFICH in LTE. 
Since the slot type is decided and indicated in every slot, it is more difficult to realize the inter-cell slot alignment. The cross link interference must be carefully managed.
· Option 2: Execute the per-slot type decision periodically and indicate the slot type for every slot.
If there are some difficulties to execute the slot type decision in every slot, the system can make the slot type decision periodically and then indicate the slot type for every slot. Since the slot type is decided by every N slots, less cross link interference will happen if the inter-cell slot alignment is properly handled.
For both option 1 and option 2, the slot type will be indicated for every slot. So, the UE RX must be turned on to detect the DL control for the per-slot indication. But most of the time in a real operation system, the resource utilization is lower than 50%, UE power saving should be considered to optimize the indication method.
· Option 3: Execute the slot type decision periodically and indicate all slots’ type at the beginning of the period.
In this option, the slot type will be decided and indicated to the UE at the beginning of every N slots.  The difference between option 3 and the UL-DL reconfiguration in R12 eIMTA is that the slot type is indicated per-slot basis but not a predefined several subframe configuration subsets.
From the UE perspective, it can sleep at those slots which types are indicated to be empty slot, DL without control or UL slot if there is no data for transmission in these slots.  Noting that when most of the time the gNB resource utilization is less than 50%, this option is better for UE power saving. 
For this option, the length of the DL indication information bits will be longer, e.g. 30 bits if N = 10. A L1 group common control signaling as the method of UL-DL reconfiguration signaling in R12 eIMTA is preferred. For this option, the inter-cell slot alignment is similar to the option 2.
Based on the above discussion, both per-slot indication and periodical indication have their suitable scenarios. Both methods should be supported to enable the operator with the flexibility to select the proper dynamic TDD mechanism in different deployment scenarios.
Proposal 1: Both per-slot slot type indication and periodical slots type indication should be supported by NR.
Proposal 2: UE power saving should be considered when designing the dynamic TDD mechanism. 
3.2 General slot type indication method
A general design to support flexible slot type indication is preferred.  For example, the gNB can indicate the slot type for every N slots, N =1, 2, 3,  …, Nmax.  N can be defined and updated in the SIB information. Two types of slot type indication control channel can be supported subjecting to the value of N.
Per-slot indication case: 
When N =1, the slot type will be indicated at the beginning of every slot.  It is a very dynamic slot assignment method. The control channel configuration can be predefined as the PCFICH like control in every slot. M bits can be used to define the slot type, where the value of M is determined based on the number of types.   
Periodical indication case:
When N >1, N slots’ types will be indicated at the beginning of every N slots together. Based on the simulation, it is proposed that Nmax should be no larger than 40 slots. Based on the predefined period N, M*N bitmap can be used to define each slot type of this period.  The common control channel for indication can be predefined as the eIMTA UL-DL reconfiguration method in LTE-A. An example of 3 bits slot type indication method is shown in Table 1.
Table 1 Slot type indication method
	000
	001
	010
	011
	100
	101
	110
	111

	Empty Slot
	UL dominate self contained
	UL with control
	UL data only
	DL data only
	DL with control
	DL dominate self contained
	reserved


Empty slot: Which means the slot will not be used for any UL or DL. For per-slot indication case, the system will not send any indicate information. But UE has to blind detect the indication control channel. If no information is detected, the UE can just skip the slot. For periodical indication case, UE can sleep in this slot. It will benefit for gNB and UE power saving when the system load is low. 
UL dominated self-contained slot: Which means the slot is a self-contained slot mostly for UL data with DL control. The UE which supports the self-contained slot should detect the DL control channel for per-slot indication case and periodical indication case.
UL with control slot: Which mean the slot is a normal uplink slot with uplink control channel symbols. For per-slot indication case, the system will not send any indicate information. An UE has to blind detect the indication control channel if it was not UL granted in this slot. If no information is detected, the UE can just skip the slot. For periodical indication case, an UE can sleep if no UL grant on this slot and no UL control in this slot.
UL data only slot: Which mean the slot is a pure uplink data symbols without UL control channel.  For per-slot indication case, the system will not send any indicate information. An UE has to blind detect the indication control channel if it was not UL granted in this slot. If no information is detected, the UE can just skip the slot. For periodical indication case UE can sleep if no UL grant in this slot.
DL data only slot: Which mean the slot is a pure downlink data symbols without DL control channel, the slot must be scheduled in previous slot with DL control. For per-slot indication case, the system will not send any indication information. An UE has to blind detect the indication control channel if it was not scheduled in this slot. If no information is detected, the UE can just skip the slot. For periodical indication case UE can sleep if no DL data are scheduled on this slot.
DL with control slot: Which mean the slot is a normal downlink slot with downlink control symbols and data symbols. UE should detect the DL control channel for per-slot indication case and periodical indication case.
DL dominated self-contained slot: Which means the slot is a self-contained slot mostly for UL data with DL control and UL control.  The UE which supports the self-contained slot should detect the DL control channel for per-slot indication and periodical indication case.
For periodical indication case, an example of 3*10 bits slot type indication method is as following in Table 2.
Table 2 Periodical slot type indication
	Slot_id
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	Slot type
	DL with control
	DL with control
	DL data only
	DL self-contained
	Empty
	Empty
	Empty
	Empty
	UL self-contained
	UL with control

	bits
	101
	101
	100
	110
	000
	000
	000
	000
	001
	010


Proposal 3:  A general design to support flexible slot type indication is preferred.
Proposal 4：2 types of slot type indication downlink control channel design can be considered: PCFICH like and eIMTA like.
Proposal 5: The period N and slot type indication DL control channel configuration can be defined and updated in SIB.
4. Conclusion

In this contribution, we provide preliminary simulation results of traffic adaptation performance of different slot adjustment period in single cell scenario. Based on the observations of simulation results, we further discuss and propose the mechanism of slot type indication and downlink control signaling design.
Observation 1: Dynamic TDD can significantly improve the UL and DL packet throughput in single cell without cross link interference. 
Observation 2: Shorter period dynamic TDD shows better performance.
Observation 3: When slot length is very short, e.g.  0.125ms, the 10 slots period dynamic TDD shows very similar performance gain to per slot dynamic TDD.
Observation 4: There is significant performance degradation when the period is 40 slots.  Properly select the adjustment and indication period can maximize the system performance.
Observation 5: Uplink packet throughput is highly related to the UL BO report delay. UL BSR scheduling method should be optimized in NR dynamic TDD design.
Proposal 1: Both per-slot slot type indication and periodical slots type indication should be supported by NR.
Proposal 2: UE power saving should be considered when designing the dynamic TDD mechanism. 
Proposal 3: A general design to support flexible slot type indication is preferred.
Proposal 4：2 types of slot type indication downlink control channel design can be considered: PCFICH like and eIMTA like.
Proposal 5: The period N and slot type indication DL control channel configuration can be defined and updated in SIB.
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Annex
Single cell dynamic TDD simulation for traffic adaptation
A.1 Simulation Assumptions
In order to evaluate the fast traffic adaptation performance with different period of slot number, a single cell scenario without the inter-cell interference and cross link interference is the most idea condition.  The simulation assumptions are summarized in the table A.1. 
Table A.1 Simulation assumptions
	Parameter
	Value
	Notes

	Layout
	1 Omni cell
	InH Channel model.

One Omni Small Cell in Centre

	UE per Cell
	20
	

	Simulation Duration
	300s
	

	System Bandwidth
	80MHz
	

	Carrier Frequency
	3.5GHz
	

	Subcarrier
	15KHz, 60KHz
	

	Slot Length
	0.5ms (7 symbols for 15KHz), 0.125ms ( 7 symbols for 60KHz)
	

	DL Antenna configuration
	4 X 2
	

	UL Antenna configuration
	1 X 4
	

	DL Packet Size
	0.5MB
	

	UL packet Size
	0.25MB
	

	DL Packet load
	20, 40, 60, 80 per second, Poisson distribution
	About 20-85% resource utilization

	UL Packet load
	5, 10, 15, 20 packets per second, Poisson distribution
	About 20-85% resource utilization

	Slot adjustment cases
	Case1:Static 1:4
Case2:per slot
Case3:10 slots
Case4:40slots
	

	BO delay
	0,  3 slots,  10 slots
	

	DL control overhead 
	0%
	


Four cases are simulated in the simulation with 3 scenarios.
· Case1: Static TDD
Based on the uplink and downlink traffic ratio and spectrum efficiency, the slot assignment pattern is fixed to be 4 DL slots followed by 1 UL slot.
· Case2: Per-slot Dynamic TDD

The direction of each slot can be decided and indicated to UE immediately. The direction is decided based on the instant amount of uplink BO (Buffer Occupation) and downlink BO. No uplink BO report delay in the preliminary simulation. 
· Case3&Case4: Periodical Dynamic TDD
The directions of n slots can be decided and indicated to UE for every N slot. Where N = 10 and 40 for case3 and case4. And the initial DL and UL pattern is set to be 1:4. For example, when N =10, the initial pattern is 8 DL followed by 2 UL. During the simulation, the slot pattern will be decided at the beginning of each N slot. The number of downlink slots and uplink slots in the period is decided based on the UL BO and DL BO.
A.2 Simulation results
Scenario 1: 
The system bandwidth is 80MHz, and subcarrier space is 60KHz. 7 symbols per slot, and the slot length is 0.125ms. 4 types of traffic load from low to high are simulated. The simulation results are shown in the table A.2. And the UL and DL packet throughput distributions in medium load about 43% are shown in Figure A.1 and Figure A.2.
Table A.2 Simulation Results in Scenario 1
	Mean PKs per Second
	25
	50
	75
	100

	Case1:
Static 1:4
	Utilization
	0.2153
	0.4316
	0.6465
	0.8615

	
	Cell Throughput(Mbps)
	89.6733
	180.2684
	270.2029
	358.1372

	
	Mean DL PK Throughput
(Mbps)
	354.6523
	315.3680
	257.4422
	165.7577

	
	Mean UL PK Throughput(Mbps)
	44.4230
	38.2343
	31.2942
	16.5157

	Case2:
1 slot dynamic
	Utilization
	0.2154
	0.4338
	0.6482
	0.8641

	
	Cell Throughput
(Mbps)
	89.4933
	179.7600
	269.9200
	358.9215

	
	Mean DL PK Throughput(Mbps)
	436.1100
	385.6786
	327.1505
	226.5638

	
	Mean UL PK Throughput(Mbps)
	204.1397
	165.3917
	119.0831
	59.9042

	Case3:
10 slots
dynamic
	Utilization
	0.2172
	0.4293
	0.6540
	0.8584

	
	Cell Throughput(Mbps)
	90.6
	178.5400
	271.7842
	356.1147

	
	Mean DL PK Throughput(Mbps)
	432.0845
	384.0273
	314.4208
	215.8181

	
	Mean UL PK Throughput(Mbps)
	195.6177
	156.1232
	111.9828
	67.0143

	Case4:
40 slots
dynamic
	Utilization
	0.2147
	0.4289
	0.6426
	0.8634

	
	Cell Throughput(Mbps)
	90.8000
	178.9800
	267.9067
	359.3267

	
	Mean DL PK Throughput(Mbps)
	419.8100
	370.6235
	302.3172
	193.8300

	
	Mean UL PK Throughput(Mbps)
	171.8839
	143.3100
	107.0539
	60.1464
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Figure A.1 Downlink Packet throughput distribution

Figure A.2 Uplink Packet Throughput distribution
Scenario 2: 
The system bandwidth is 80MHz, and subcarrier space is 15KHz. 7 symbols per slot, and the slot length is 0.5ms. 4 types of traffic load from low to high are simulated. The simulation results are shown in the table A.3.
Table A.3 Simulation Results in Scenario 2
	Mean PK per Second

	25
	50
	75
	100

	Static 1:4
	Utilization
	0.2171
	0.4329
	0.6461
	0.8728

	
	Cell Throughput(Mbps)
	90.4014
	180.8421
	269.0698
	362.4749

	
	Mean DL PK Throughput
(Mbps)
	353.2577
	314.1585
	258.8852
	159.9960

	
	Mean UL PK Throughput(Mbps)
	43.8783
	38.5868
	31.7186
	15.3382

	1 slot dynamic
	Utilization
	0.2189
	0.4333
	0.6459
	0.8691

	
	Cell Throughput
(Mbps)
	90.9933
	179.9133
	268.6467
	361.3187

	
	Mean DL PK Throughput(Mbps)
	438.0170
	385.7604
	325.4139
	220.6109

	
	Mean UL PK Throughput(Mbps)
	202.2280
	165.8089
	119.8150
	58.7186

	10 slots
dynamic
	Utilization
	0.2163
	0.4318
	0.6517
	0.8736

	
	Cell Throughput(Mbps)
	89.8867
	179.2467
	270.9262
	363.5744

	
	Mean DL PK Throughput(Mbps)
	421.3184
	372.0820
	307.4047
	194.1358

	
	Mean UL PK Throughput(Mbps)
	173.5933
	142.3587
	106.2641
	55.2273

	40 slots
dynamic
	Utilization
	0.2165
	0.4361
	0.6465
	0.8633

	
	Cell Throughput(Mbps)
	90.2200
	181.7067
	269.3271
	359.5693

	
	Mean DL PK Throughput(Mbps)
	389.9684
	339.1796
	270.9763
	171.4921

	
	Mean UL PK Throughput(Mbps)
	128.1302
	111.4905
	86.7894
	48.7570


Scenario 3: 
The system bandwidth is 80MHz, and the subcarrier space is 60KHz. 7 symbols per slot, and the slot length is 0.125ms. Medium traffic loads about 43% are simulated with different uplink BO report delay, e.g. 3 slots and 10 slots. The simulation results are shown in the table A.4.
Table A.4 Simulation Results in Scenario 3
	UL Buffer update delay
	0
	3*0.125ms
	10*0.125ms

	Static 1:4
	Utilization
	0.4316
	0.4277
	0.4338

	
	Cell Throughput(Mbps)
	180.2684
	178.4667
	180.3995

	
	Mean DL PK Throughput
(Mbps)
	315.3680
	315.9107
	314.8187

	
	Mean UL PK Throughput(Mbps)
	38.2343
	38.6327
	37.6909

	1 slot dynamic
	Utilization
	0.4338
	0.4366
	0.4271

	
	Cell Throughput
(Mbps)
	179.7600
	180.5333
	178.6659

	
	Mean DL PK Throughput(Mbps)
	385.6786
	384.2734
	386.7610

	
	Mean UL PK Throughput(Mbps)
	165.3917
	156.5236
	144.4369

	10 slots
dynamic
	Utilization
	0.4293
	0.4311
	0.4383

	
	Cell Throughput(Mbps)
	178.5400
	179.7200
	182.9067

	
	Mean DL PK Throughput(Mbps)
	384.0273
	384.1147
	381.6453

	
	Mean UL PK Throughput(Mbps)
	156.1232
	152.6730
	137.6384

	40 slots
dynamic
	Utilization
	0.4289
	0.4316
	0.4313

	
	Cell Throughput(Mbps)
	178.9800
	179.6033
	179.0400

	
	Mean DL PK Throughput(Mbps)
	370.6235
	369.8804
	369.2515

	
	Mean UL PK Throughput(Mbps)
	143.3100
	139.2730
	129.8101
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