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1
Introduction
At the RAN#AH meeting, the following conclusions on flexible duplexing were made [1]:
· 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 TR38.802, system evaluation results for flexible duplexing should be captured with common template
· Companies shall provide selected evaluation assumption(s) if multiple options are allowed in the agreed evaluation assumption
· Companies shall provide additional (if any) evaluation assumptions if not included in the agreed evaluation assumptions
· Companies shall provide sufficient details on the simulated interference mitigation/cancellation schemes
· RAN1 will collect the results in RAN1#88
In addition, the following conclusions were made on the cross-link interference mitigation schemes:
· Companies shall provide the following information in RAN1#88 for analyzing interference mitigation schemes for TRP-to-TRP and/or UE-to-UE cross-link interference
· Gains provided by the considered interference mitigation scheme
· Potential specification impacts (not limited to RAN1) of the considered interference mitigation scheme
· Companies are encouraged to evaluate the following TRP-to-TRP cross-link interference mitigation/cancellation schemes for duplexing flexibility on both unpaired and paired spectrum
· TRP-to-TRP interference measurement
· Beam coordination between DL and UL
· DL power control
· UL power control
· Advanced receiver at gNB, including
· Orthogonal DMRS between cross links
· Timing alignment between cross links
· Sensing/LBT-like
· Link adaptation
· Switching/adaptation between semi-static and dynamic operations
In this contribution, we provide performance results for the dynamic TDD scheme and compare it to LTE-like static TDD scheme that is aligned to the average traffic ratio between DL and UL. In addition, we provide results for the TRP-to-TRP interference cancellation method using packet exchange, outlined in the companion contribution [2].
2
Performance Results for dynamic TDD for UMa channel model at 4 GHz
In this section, we compare the performance of static v/s dynamic TDD at 4 GHz for the UMa channel model at different DL to UL traffic ratios of 1:1, 2:1, and 4:1. The simulation assumptions used for this evaluation are provided in the appendix. The dynamic TDD scheme used is a simple scheme that allocates resources in each cell independently to that direction which has larger amount of data queued in the buffer. More sophisticated schemes can provide different trade-off between DL and UL throughput performance. The baseline static TDD scheme assigns 50%, 70%, and 80% of the TTIs for downlink for the traffic ratios of 1:1, 2:1, and 4:1, respectively. 
Table 1 shows the average, cell-edge, 50th percentile and 95th percentile UE throughput values for the static and dynamic TDD schemes for various traffic ratios and for DL and UL separately. We see that the UL throughputs see a significant increase in the average and higher percentile throughputs over the static TDD scheme, while the downlink throughputs see a modest decrease. The reason for this performance difference between DL and UL is that the dynamic TDD scheme tends to favor UL direction a lot more given the poorer spectral efficiency in the UL. The UL spectral efficiency degrades significantly due to the large TRP-to-TRP interference. The baseline scheme allocates resources in proportion to the offered traffic, but the dynamic TDD scheme allocates resources implicitly taking into account the spectral efficiency in addition to the offered load, thus favouring the UL direction quite a bit more. This can be seen from the much larger RU that the UL direction gets with the dynamic TDD scheme when compared to the baseline scheme. 
The degradation in UL SINR can be seen in Figure 1 where the uplink SINR for the dynamic TDD without interference cancellation is much poorer than the static TDD SINR CDF. Thus it can be seen that dynamic TDD when used in the UMa setting can result in significant TRP-to-TRP interference, given the large difference in the DL and UL transmit powers and the typical LOS path that would exist between TRPs. The much poorer spectral efficiency and SINR due to TRP-to-TRP interference results in even more resources getting diverted towards UL due to the larger queue lengths that would exist in the UL. 
[image: image5.png]Ratio DL UPT (Mbps) UL UPT (Mbps)
of o o Served/ N o Served/
DL/UL Feature 5%-tile SQ /- 95. /- Average | offered RU 5%-tile 59 /- 95. /o Average | offered RU
tile tile (%) tile tile (%)
traffic packets packets
» W]‘)t?g“t 026 137 | 2129 | 424 | 056 | 11 | o011 | 037 | 206 | 063 | 042 | 739
With DIC 0.38 181 | 2117 | 497 072 | 145 | 035 | 089 | 3.78 13 066 | 645
Without 0.62 256 | 226 6.36 081 | 167 | 009 | 044 | 227 0.69 042 | 571
2:1 DIC
With DIC 1.26 546 | 22.78 8.9 094 | 197 | 059 | 1.85 | 4.58 216 | 085 | 392
Without 118 628 | 228 | 973 | 093 | 194 | 007 | 055 | 278 | 086 | 050 | 378
4:1 DIC
With DIC 2.41 1202 | 2284 | 127 098 | 199 | 125 | 286 | 4.58 296 | 094 | 19






[image: image1]
Table 1 shows that the gains for UL are the largest when the traffic is asymmetric. The reason is that the gain potential for UL traffic is larger because the baseline static TDD scheme has much fewer TTIs for UL. Thus for the DL-to-UL traffic ratio of 4:1, a single UL UE with traffic has the potential to get all TTIs designated for UL, while the baseline would have had only two out of 10 TTIs available for UL. The percentage loss in the DL roughly follows an equivalent behaviour where the losses roughly increase with increasing UL traffic. This is because more resources are spent on the UL as the UL load increases. At the DL to UL traffic ratio of 2:1, the gains are skewed a bit by the static allocation (70% for DL) not being fully aligned with the traffic ratio due to rounding-off errors. 
Observation 1: Dynamic TDD without CLI mitigation provides substantial gains of 21%, 57%, and 110% average throughput gain in the uplink, but a loss of 27%, 36%, and 19% in the DL average throughput over the baseline static TDD scheme adapted to the long-term traffic ratio for DL-to-UL traffic ratios of 1:1, 2:1, and 4:1, respectively. 
Observation 2: The gains are heavily dependent on the chosen scheme for determination of the transmission direction. 

Observation 3: TRP-to-TRP interference plays a significant negative impact on the uplink performance and the dynamic TDD scheme translates that into a negative impact on the DL performance by using more resources for UL. 
3
Performance Results for TRP-to-TRP interference cancellation scheme

In this section, we analyze the performance of the TRP-to-TRP interference cancellation scheme (IC) using packet exchange described in our companion Tdoc [2]. We assume that the TRP-to-TRP interference is successfully cancelled by means of our proposed packet exchange method. Thus UL packets face interference from only other UL transmissions and not from other DL transmissions. However, the UE-to-UE interference is not mitigated by our proposed method in [2]. Thus DL packets face interference from both other DL and UL transmissions. 

We provide results for the same scenarios considered in Section 2 in Table 2 comparing the performance of dynamic TDD with and without IC. Because this scheme basically reduces the interference to UL transmissions in dynamic TDD, we find that the gains for UL are substantial. This is especially given that the DL transmit powers are much larger than the UL transmit powers. However, as seen in these results, these benefits are also typically transferred to DL because the reduced UL load will allow more TTIs to be used for the DL. We also find that the gains from the TRP-to-TRP interference cancellation scheme is larger for lower UL loads. This is because, when the UL load is low, the probability that an UL transmission faces DL transmissions from neighboring cells is large, resulting in larger gain when such DL interference is cancelled. On the contrary, when the UL load is large, the probability is larger that an UL transmission is aligned with other UL transmissions from neighboring cells. Such interference cannot be cancelled using the packet exchange method outlined in [2]. 
Table 2: Comparison of User throughput statistics for dynamic TDD with and without IC using packet exchange for various DL to UL traffic ratios for UMa scenario

[image: image2]
Figure 1 shows that the significant degradation in the uplink SINR due to the TRP-to-TRP interference is completely compensated by the IC scheme. In fact, there is a slight increase in SINR of the IC scheme over the static TDD scheme. This is because, when compared to the static TDD case where the TRP-to-TRP interference is replaced by interference from other UEs in the neighor cell, with the IC scheme the TRP-to-TRP interference is not replaced by interference from other UEs’ UL transmissions. 
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Figure 1: Uplink SINR CDF the downlink to uplink traffic ratio of 2:1
Unlike the negative impact of dynamic TDD on uplink SINR, the impact of dynamic TDD on downlink SINR is positive. Figure 2 shows the downlink SINR for the static and dynamic TDD schemes with and without IC. We can see the dynamic TDD schemes generally have a larger SINR than static TDD. This can be attributed to the fact that some of the neighbour cells of the cell that is performing DL transmissions may now be using that TTI for UL transmissions. This generally reduces the interference, resulting in better SINR performance on the DL with dynamic TDD.
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Figure 2: Downlink SINR CDF the downlink to uplink traffic ratio of 2:1
Observation 4: Dynamic TDD with TRP-to-TRP interference cancellation using packet exchange provides substantial gains of 106%, 213%, 244% average throughput gain in the uplink, but a loss of 17.2%, 40%, and 30.5% in the DL average throughput over the dynamic TDD scheme without IC for DL-to-UL traffic ratios of 1:1, 2:1, and 4:1, respectively.
Observation 5: The TRP-to-TRP interference cancellation also provides throughput gains in the DL because more resources can be made available to the DL because of the better SE in the UL. 

Thus we conclude that TRP-to-TRP interference is a severe impediment to achieve the performance potential of dynamic TDD and mechanisms are needed for TRP-to-TRP CLI mitigation.
Proposal 1: TRP-to-TRP interference cancellation is an essential ingredient to realize the performance potential of dynamic TDD. NR should support TRP-to-TRP CLI mitigation technique using packet exchange as described in [2].
4
Conclusion
In this contribution, we made the following observations and proposals: 

Observation 1: Dynamic TDD without CLI mitigation provides substantial gains of 21%, 57%, and 110% average throughput gain in the uplink, but a loss of 27%, 36%, and 19% in the DL average throughput over the baseline static TDD scheme adapted to the long-term traffic ratio for DL-to-UL traffic ratios of 1:1, 2:1, and 4:1, respectively. 

Observation 2: The gains are heavily dependent on the chosen scheme for determination of the transmission direction. 

Observation 3: TRP-to-TRP interference plays a significant negative impact on the uplink performance and the dynamic TDD scheme translates that into a negative impact on the DL performance by using more resources for UL.
Observation 4: Dynamic TDD with TRP-to-TRP interference cancellation using packet exchange provides substantial gains of 106%, 213%, 244% average throughput gain in the uplink, but a loss of 17.2%, 40%, and 30.5% in the DL average throughput over the dynamic TDD scheme without IC for DL-to-UL traffic ratios of 1:1, 2:1, and 4:1, respectively.

Observation 5: The TRP-to-TRP interference cancellation also provides throughput gains in the DL because more resources can be made available to the DL because of the better SE in the UL. 

Proposal 1: TRP-to-TRP interference cancellation is an essential ingredient to realize the performance potential of dynamic TDD. NR should support TRP-to-TRP CLI mitigation technique using packet exchange as described in [2].
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Appendix

	      Parameters
	Values or assumptions

	Carrier frequency
	4 GHz

	ISD
	500 m



	BS antenna height
	25 m

	BS antenna configurations
	M, N, P, Mg, Ng) = (8,4,2,1,1), Cross-pol (+/-45), 0.5λ dH and 0.5λ dV, 2 CSI-RS ports

	UE Antenna Configuration
	1T2R

	BS Antenna element gain
	26 dBi

	System bandwidth
	                               10MHz (50PRBs)

	Max Tx Power
	46 dBm



	UE distribution
	10 UEs/cell on downlink, 10UEs/cell on uplink, 3 km/h

	Traffic Model
	FTP model 3, file size = 0.5 Mbytes

	DL:UL Traffic Ratio
	1:1, 2:1, 4:1

	Scheduler
	Proportional Fair Scheduler


	Layout
	Hexagonal grid, 7 sites, 3 cells/site (21 active cells + 36 Interferer cells)

	Channel model
	3D UMa

	Backhaul delay 
	0 ms

	Channel estimation
	Ideal


	      Parameters
	Values or assumptions

	
	UMa
	UMi

	Carrier frequency
	4 GHz

	ISD
	500 m
	200 m

	BS antenna height
	25 m
	10 m

	BS antenna configurations
	(M, N, P, Mg, Ng) = (8,4,2,1,1), Cross-pol (+/-45), 0.5λ dH and 0.5λ dV, 2 CSI-RS ports

	Antenna downtilt
	97 degrees
	97 degrees

	System bandwidth
	                               10MHz (50RBs)

	Max Tx Power
	46 dBm
	43 dBm

	UE distribution
	Uniform 10 UE/sector, 80% indoo uniformly in buildings of upto 8 floors), 20% outdoor (LOS/NLOS probability as per TR 36.873), 3 km/h

	Traffic Model
	Full buffer
FTP model 3, file size = 0.5 Mbytes

	Traffic load (RU)
	25%, 45%, 65% 

	Scheduler
	SU-MIMO, Frequency-selective scheduling (RB and MCS allocation)
Dynamic Rank adaptation based on WB CQI
Inter-cell interference modelling is explicit (beamformed and frequency-selective)

	Layout
	Hexagonal grid, 7 sites, 3 sector/site

	Channel model
	3D SCM UMa and UMi

	MIMO scheme
	Wideband SVD based precoding

	Handover margin 
	2 dB

	CSI feedback and period
	2 port CSI-RS, WB PMI and SB CQI feedback, every 5 ms 

	OLLA
	Enabled with 10% BLER target for first transmission

	DPS switching period
	5 ms

	Backhual delay
	0 ms

	Coordination cluster size for ideal backhaul
	3

	Coordinated TRP measurement set size
	3

	Channel estimation
	Ideal


Table 3: Simulation Assumptions
Table � SEQ Table \* ARABIC �1�: Comparison of User throughput statistics for static and dynamic TDD for various DL to UL traffic ratios for UMa scenario
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