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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 indoor hotspot 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 indoor hotspot 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]. In this contribution, we focus on indoor hotspot scenario. 12 TRPs in one 120m ×50m office are deployed. Dynamic TDD @30GHz carrier frequency is considered.
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 indoor hotspot 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 RUs are shown in table I and II, respectively. In each 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 [Indoor hotspot]

	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
	132
	275
	453
	294
	1.00
	15.8
	33.5
	77.0
	117
	79.3
	0.998
	14.5

	
	Case 1-1
	145
	292
	493
	317
	0.999　
	19.5　
	120
	297
	486
	308
	1.00　
	20.5　


	
	
	(9.91%)
	(6.09%)
	(8.82%)
	(7.64%)
	
	
	(258%)
	(286%)
	(315%)
	(288%)
	
	

	
	Case 2-1
	161
	342
	524
	358
	0.999　
	16.1　
	161
	342
	524
	349
	0.996　
	16.0　

	
	
	(22.6%)
	(24.5%)
	(15.6%)
	(21.8%)
	
	
	(382%)
	(345%)
	(347%)
	(341%)
	
	

	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


Table II. DL and UL UPT performance of dynamic TDD with different control overhead in medium load
	Scenario [Indoor hotspot]

	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
	88.1
	215
	425
	225
	0.998
	28.9
	28.1
	71.1
	125
	75
	0.983
	26.5

	
	Case 1-1
	90.2
	243
	486
	251
	0.996　
	34.0　
	70.5
	256
	453
	258
	0.995　
	31.9　

	
	
	(2.42%)
	(13.0%)
	(14.5%)
	(11.7%)
	
	
	(151%)
	(260%)
	(262%)
	(246%)
	
	

	
	Case 2-1
	106
	264
	524
	274
	0.998　
	32.2　
	72.5
	284
	486
	287
	1.00　
	30.2　

	
	
	(20.6%)
	(22.8%)
	(23.4%)
	(21.8%)
	
	
	(158%)
	(300%)
	(288%)
	(285%)
	
	

	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


From table I and II, it can be seen that in indoor hotspot scenario, dynamic TDD can achieve significant UPT gain in both DL and UL than static TDD under different RUs. Furthermore, dynamic TDD with resource sharing between control channel and data channel can achieve even better performance gain than dynamic TDD without resource sharing between data channel and control channel. 
Observation 1:
· Dynamic TDD with resource sharing between control channel and data 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 RUs are shown in table III and IV, respectively.

Table III. DL and UL UPT performance of dynamic TDD under different time scales in low load
	Scenario [Indoor hotspot]

	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
	132
	275
	453
	294
	1.00
	15.8
	33.5
	77.0
	117
	79.3
	0.998
	14.5

	
	Case 1-1
	145
	292
	493
	317
	0.999　
	19.5　
	120
	297
	486
	308
	1.00　
	20.5　

	
	
	(9.91%)
	(6.09%)
	(8.82%)
	(7.64%)
	
	
	(258%)
	(286%)
	(315%)
	(288%)
	
	

	
	Case 
1-2
	157
	326
	493
	335
	0.998　
	17.4　
	163
	311
	486
	328
	1.00　
	19.0　

	
	
	(19.2%)
	(18.4%)
	(8.82%)
	(14.0%)
	
	
	(387%)
	(304%)
	(315%)
	(313%)
	
	

	
	Case 
1-3
	155
	289
	493
	314
	1.00　
	19.1　
	157
	317
	466
	321
	1.00　
	20.4　

	
	
	(17.5%)
	(5.17%)
	(8.82%)
	(6.77%)
	
	
	(369%)
	(311%)
	(297%)
	(305%)
	
	

	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


Table IV. DL and UL UPT performance of dynamic TDD under different time scales in medium load
	Scenario [Indoor hotspot]

	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
	88.1
	215
	425
	225
	0.998
	28.9
	28.1
	71.1
	125
	74.6
	0.983
	26.5

	
	Case
1-1
	90.2
	243
	486
	251
	0.996　
	34.0　
	70.5
	256
	453
	258
	0.995　
	31.9　

	
	
	(2.42%)
	(13.0%)
	(14.5%)
	(11.7%)
	
	
	(151%)
	(260%)
	(262%)
	(246%)
	
	

	
	Case
1-2
	86.9
	236
	486
	249
	0.998　
	34.4　
	83.5
	271
	466
	271
	1.00　
	28.1　

	
	
	(1.29%)
	(9.86%)
	(14.5%)
	(10.9%)
	
	
	(197%)
	(281%)
	(272%)
	(263%)
	
	

	
	Case
1-3
	96.4
	240
	493
	253
	0.997　
	34.7　
	83.3
	258
	453
	264
	0.999　
	32.6　

	
	
	(9.48%)
	(11.4%)
	(16.2%)
	(12.5%)
	
	
	(197%)
	(263%)
	(262%)
	(255%)
	
	

	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 III and IV, it can be seen that compared with static TDD, dynamic TDD with different time scales achieves slightly better performance gain in DL and significant performance gain in UL.  In addition, compared with the performance gap between dynamic TDD and static TDD, the performance gap among dynamic TDD with different time scales are insignificant.
Observation 2:
· For DL: 

· In low load case, dynamic TDD can achieve better UPT performance than static TDD (maximally 14.0% in average UPT), and 2 slots time scale is more preferable. 

· In medium load case, dynamic TDD can achieve almost the same or better UPT performance than static TDD (maximally 12.5% in average UPT), and 8 slots time scale is more preferable.
· For UL: 
· In low and medium load cases, dynamic TDD can achieve better UPT performance than static TDD (maximally 313% in low load and 263% in medium load in average UPT), and 2 slots time scale is more preferable in both cases.
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 RUs are shown in table V and VI, respectively.

Table V. DL and UL UPT performance of dynamic TDD without and with slot aggregation in low load
	Scenario [Indoor hotspot]

	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
	132
	275
	453
	294
	1.00
	15.8
	33.5
	77.0
	117
	79.3
	0.998
	14.5

	
	Case
1-1
	145
	292
	493
	317
	0.999　
	19.5　
	120
	297
	486
	308
	1.00　
	20.5　

	
	
	(9.91%)
	(6.09%)
	(8.82%)
	(7.64%)
	
	
	(258%)
	(286%)
	(315%)
	(288%)
	
	

	
	Case
3-1
	172
	365
	559
	376
	0.997　
	16.7　
	212
	342
	508
	358
	0.996　
	14.3　

	
	
	(30.8%)
	(32.6%)
	(23.3%)
	(27.7%)
	
	
	(535%)
	(345%)
	(333%)
	(352%)
	
	

	
	Case
3-2
	185
	377
	579
	388
	0.998　
	15.7　
	218
	342
	533
	366
	0.995　
	13.9　

	
	
	(40.9%)
	(37.1%)
	(27.6%)
	(31.9%)
	
	
	(551%)
	(345%)
	(354%)
	(361%)
	
	

	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


Table VI. DL and UL UPT performance of dynamic TDD without and with slot aggregation in medium load
	Scenario [Indoor hotspot]

	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
	88.1
	215
	425
	225
	0.998
	28.9
	28.1
	71.1
	125
	74.6
	0.983
	26.5

	
	Case
1-1
	90.2
	243
	486
	251
	0.996　
	34.0　
	70.5
	256
	453
	258
	0.995　
	31.9　

	
	
	(2.42%)
	(13.0%)
	(14.5%)
	(11.7%)
	
	
	(151%)
	(260%)
	(262%)
	(246%)
	
	

	
	Case
3-1
	126
	292
	550
	308
	0.997　
	28.0　
	153
	326
	541
	341
	0.996　
	25.6　

	
	
	(43.2%)
	(35.7%)
	(29.5%)
	(37.1%)
	
	
	(443%)
	(358%)
	(332%)
	(358%)
	
	

	
	Case
3-2
	113
	280
	533
	292
	0.999　
	29.6　
	104
	311
	508
	313
	1.00　
	25.6　

	
	
	(28.7%)
	(30.0%)
	(25.4%)
	(29.7%)
	
	
	(270%)
	(337%)
	(306%)
	(320%)
	
	

	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


From table V and VI, it can be seen that in both low load and medium load, dynamic TDD with slot aggregation achieves better performance gain than dynamic TDD without slot aggregation. For low load, with the increase of aggregated slots, better UPT gain can be obtained. For medium load, more aggregated slots may lead to slightly worse UPT performance. On the one hand, with less aggregated slots, the traffic adaptation of dynamic TDD is more flexible and HARQ feedback latency is smaller since there are more UL control parts. On the other hand, control signaling overhead and UL/DL switching overhead will be larger for short aggregated slots, due to more control channel and frequent UL/DL switching. Therefore, in addition to flexibility of dynamic TDD, latency and signaling overhead also should be considered for dynamic TDD with slot aggregation.
Observation 3:
· Dynamic TDD with slot aggregation can achieve better performance gain than dynamic TDD without slot aggregation.
· For dynamic TDD with slot aggregation, in addition to flexibility of dynamic TDD, latency and signaling overhead also should be considered.
4. Summary
In this contribution, we provide some further evaluation results for dynamic TDD in indoor hotspot scenario. The observations and proposals are summarized as follows.
· Observation 1:
· Dynamic TDD with resource sharing between control channel and data 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 better UPT performance than static TDD (maximally 14.0% in average UPT), and 2 slots time scale is more preferable. 

· In medium load case, dynamic TDD can achieve almost the same or better UPT performance than static TDD (maximally 12.5% in average UPT), and 8 slots time scale is more preferable.
· For UL: 
· In low and medium load cases, dynamic TDD can achieve better UPT performance than static TDD (maximally 313% in low load and 263% in medium load in average UPT), and 2 slots time scale is more preferable in both cases.

Observation 3:
· Dynamic TDD with slot aggregation can achieve better performance gain than dynamic TDD without slot aggregation.

· For dynamic TDD with slot aggregation, in addition to flexibility of dynamic TDD, latency and signaling overhead also should be considered.
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Appendix
Table VII. Simulation assumptions
	Parameters
	Indoor hotspot

	Layout
	Single layer
Indoor floor: (12BSs per 120m x 50m)
Candidate TRP numbers:12

	Inter-BS distance 
	20m

	Carrier frequency 
	30GHz 

	Aggregated system 
bandwidth
	30GHz: 80MHz

	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: ITU InH
Above 6 GHz: 5GCM office 
Note: When 5GCM is found to be applicable to below 6GHz, 5GCM  should be used 

	BS Tx power 
	Below 6GHz: 24dBm PA scaled down with simulation BW when system BW is higher than simulation BW. Otherwise, 24dBm
Above 6GHz: 23 dBm PA scaled down with simulation BW when system BW is higher than simulation BW. Otherwise, 23dBm
EIRP should not exceed 58 dBm(*)

	UE Tx power 
	30GHz: 23dBm
EIRP should not exceed 43 dBm (*)

	BS antenna configurations
	Above 6GHz: 

· Baseline: (M,N,P,Mg,Ng) = (8,16,2,1,1)

	BS antenna height 
	3m

	BS antenna element gain + connector loss
	See Table VIII.

	BS receiver noise figure
	Below 6GHz: 5dB

Above 6GHz: 7dB

	UE antenna configuration
	2Tx, 2Rx

	UE antenna height
	Follow TR36.873 

	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
	100% Indoor, 3km/h,
10 users per BS for full buffer traffic

	UE receiver
	MMSE-IRC as the baseline receiver

	Feedback assumption
	Ideal

	Channel estimation
	Ideal


Table VIII. BS antenna element gain pattern

	Parameter
	Values

	Single sector
	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
	5dBi

	
	Electric tilting
	[FFS]
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