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1
Introduction
At the RAN1#88 meeting, the following conclusions on flexible duplexing were made [1]:
· For urban macro scenario, evaluations show that duplexing flexibility with cross-link interference mitigation schemes on a 4GHz unpaired spectrum and on a 2GHz paired spectrum provides better average UPT compared to static UL/DL resource partition and duplexing flexibility without cross-link interference mitigation schemes. 

· The evaluated cross-link interference mitigation schemes include advanced receivers (e.g. MMSE-IRC, EMMSE-IRC, packet exchange for interference cancellation), coordinated scheduling/beamforming, power control, link adaptation.

· For urban macro scenario, evaluations show that duplexing flexibility on a 2GHz paired spectrum with SRS on the DL part without dynamic DL/UL resource allocation provides better cell average/edge throughput compared to no SRS on the DL part of the spectrum.

· Note: it is up to the rapporteur whether or not to include the references of contributions on evaluation results in the observations (to be consistent with other parts of the TR)

In this contribution, we evaluate dynamic TDD performance at lower loads as compared with our previous contribution [2]. In addition, we provide results for the TRP-to-TRP interference cancellation method using packet exchange, outlined in [3].
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 3GPP proposed 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. Broadly, we see that both the UL and DL throughputs show a significant increase in the average and higher percentile throughputs over the static TDD scheme. Due to the severe cross-link interference between UEs, downlink 5%-ile throughput degrades significantly. As the uplink traffic is reduced relative to the downlink traffic (from 1:1 to 4:1), we see that the degradation in 5%-ile downlink throughput also is smaller. 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 and lesser downlink RU with the dynamic TDD scheme when compared to the baseline scheme. 

	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 (%)

	1:1
	Static TDD
	7.1
	18.3
	23.1
	17.3
	0.99
	5.8
	2.0
	5.0
	10.3
	5.3
	0.95
	14.4

	
	Dynamic TDD
	1.4
	28.7
	45.4
	25.6
	0.97
	4.7
	1.1
	4.4
	12.8
	5.2
	0.90
	32.1

	2:1
	Static TDD
	12.3
	29.4
	32.2
	25.8
	0.99
	5.4
	1.5
	3.1
	6.9
	3.3
	0.93
	6.6

	
	Dynamic TDD
	3.8
	42.7
	45.4
	32.5
	0.99
	4.9
	2.4
	5.8
	15.1
	6.9
	0.93
	13.3

	4:1
	Static TDD
	15.1
	34.1
	37.0
	29.9
	0.99
	5.4
	1.2
	2.2
	4.5
	2.4
	0.89
	3.2

	
	Dynamic TDD
	5.7
	44.1
	45.4
	35.9
	0.99
	4.9
	2.9
	7.1
	14.2
	7.7
	0.92
	6.0


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 5%-ile DL roughly follows an equivalent behaviour where the losses roughly increase with increasing UL traffic as we go from 4:1 to 1:1 DL to UL traffic ratio. This is because more resources are spent on the UL as the UL load increases. 
Observation 1: Dynamic TDD without CLI mitigation provides substantial gains of 48%, 26%, and 20%  average throughput gain in the downlink, and a gain of -1.9%, 109%, and 221% in the uplink 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

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. 

In this section, we analyze the performance of the TRP-to-TRP interference cancellation scheme (IC) using packet exchange described in [3]. 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 [3]. 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. With gNB-gNB IC using packet exchange, we get gains both in the UL and DL throughputs compared to the baseline static TDD scheme, unlike the dynamic TDD scheme without IC. This is because the reduced interference for UL packets makes the UL traffic drain out faster and makes available more resources for DL traffic, hence increasing DL performance as well. 

We also find that the gains from the TRP-to-TRP interference cancellation scheme is larger for larger UL loads.This is because with lower uplink traffic, reduced packet transmissions do not allow for harvesting much gains from our proposed IC scheme using packet exchange. 
Table 2: Comparison of User throughput statistics for static TDD, dynamic TDD with and without IC using packet exchange for various DL to UL traffic ratios for UMa 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 (%)

	1:1
	Static TDD
	7.1
	18.3
	23.1
	17.3
	0.99
	5.8
	2.0
	5.0
	10.3
	5.3
	0.95
	14.4

	
	Dynamic TDD
	1.4
	28.7
	45.4
	25.6
	0.97
	4.7
	1.1
	4.4
	12.8
	5.2
	0.90
	32.1

	
	Dynamic TDD (w IC)
	3.5
	40.6
	45.4
	31.6
	0.99
	4.9
	5.4
	11.0
	23.5
	11.9
	0.96
	14.2

	2:1
	Static TDD
	12.3
	29.4
	32.2
	25.8
	0.99
	5.4
	1.5
	3.1
	6.9
	3.3
	0.93
	6.6

	
	Dynamic TDD 
	3.8
	42.7
	45.4
	32.5
	0.99
	4.9
	2.4
	5.8
	15.1
	6.9
	0.93
	13.3

	
	Dynamic TDD (w IC)
	5.3
	44.0
	45.4
	35.1
	0.99
	4.9
	7.0
	11.7
	26.5
	12.8
	0.97
	6.5

	4:1
	Static TDD
	15.1
	34.1
	37.0
	29.9
	0.99
	5.4
	1.2
	2.2
	4.5
	2.4
	0.89
	3.2

	
	Dynamic TDD
	5.7
	44.1
	45.4
	35.9
	0.99
	4.9
	2.9
	7.1
	14.2
	7.7
	0.92
	6.0

	
	Dynamic TDD (w IC)
	7.1
	44.3
	44.3
	45.4
	0.99
	4.9
	8.2
	11.9
	24.3
	13.4
	0.97
	3.3


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 1:1
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 1:1
Figure 3 shows the average uplink and downlink UE throughput performance comparision in terms of percentage gain with and without IC using packet exchange. 
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Figure 3: Average UE throughput performance with and without IC
Observation 4: Dynamic TDD with TRP-to-TRP interference cancellation using packet exchange provides substantial gains of 124.5%, 287.8%, 458.3% average throughput gain in the uplink, and a gain of 82.6%, 36%, and 51.8%, in the DL average throughput over the static 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: NR should support TRP-to-TRP CLI mitigation technique using packet exchange as described in [3].
4
Conclusion
In this contribution, we made the following observations and proposals: 

Observation 1: Dynamic TDD without CLI mitigation provides substantial gains of 48%, 26%, and 20%  average throughput gain in the downlink, and a gain of -1.9%, 109%, and 221% in the uplink 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 124.5%, 287.8%, 458.3% average throughput gain in the uplink, and a gain of 82.6%, 36%, and 51.8%, in the DL average throughput over the static 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 improved spectral efficiency in the UL. 

Proposal 1: NR should support TRP-to-TRP CLI mitigation technique using packet exchange as described in [3]
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Appendix

Table 3: Simulation Assumptions
	      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


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








