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1. Introduction
In previous RAN1 meetings, dynamic TDD scheme has been discussed and how to solve the cross-link interference (CLI) is the key issue to deploy dynamic TDD. Beamforming can improve the received SINR performance by utilizing directional beam towards serving UE, but the CLI becomes more serious on a certain of possibility. Thus beam coordination scheme should be considered. In this contribution, we present the simulation results of beam coordination between multiple TRP considering dynamic TDD scenario.

2. Discussion
In the simulation, the antenna configuration for Pico TRP is (M, N, P, Mg, Ng) = (4, 4, 2, 1, 1), (dH, dV) = (0.5, 0.5). Figure 1 is the antenna pattern with above parameters, and the values have been normalized. The main lobe provides service for UEs, while the side lobes may interfere other Pico TRPs at the same time. Figure 2 shows the CDF curve of the antenna gain of main lobe and the gain is approximately from 12 dB to 24 dB. Based on the CDF curve, the gains of main lobe and side lobe can be calculated correspondingly. As shown in Fig. 3, if the side lobe of Pico TRP B exactly points to the main lobe of Pico TRP A, the CLI will be increased due to the antenna gain.
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Fig. 1   Antenna pattern                     Fig. 2   Antenna gain (main lobe)
For the dynamic TDD time slot allocation scheme, according to the proportion of UL and DL buffering packets, the proper allocation for certain Pico TRP is selected which has the most approximate UL and DL ratio from the seven known time slot allocations. For the static TDD mode, all the Pico TRPs have the same business mode (DL or UL) at certain moment, and the time slot allocation has the same ratio of DL and UL. We simulate the geometry of 4 different modes TDD for outdoor scenario as following:

· Mode 1: dynamic TDD with beamforming but no coordination  

· Mode 2: dynamic TDD with beamforming and coordination

· Mode 3: dynamic TDD without beamforming nor coordination

· Mode 4: static TDD
The evaluation scenario of mode 1 and mode 2 is illustrated in Fig. 3.
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Fig. 3   Simulation scenario
In the simulation, the SINR performance of Pico TRP A is evaluated in Fig. 3. Pico A is in UL slot while Pico B serving in DL slot and its side lobe pointing to Pico A, and there is serious cross-link interference from Pico B to Pico A. In addition, if there is a Pico C operating in UL slot, the serving UE of Pico C will introduce certain interference on UL Pico TRP A, but the interference is not serious as Pico B’s. 

The assumption of beam coordination in the simulation is diferent TRPs can have different priority calsses of data transmission. if Pico TRP A's UL priority class is higher than Pico TRP B's DL, the Pico TRP B's DL service is muted. In the simulation, the above scheme for prioriy classes of Pico A UL and Pico B DL is adopted. In other words, if Pico A has UL business, the priority of Pico B’s DL is lower than that of Pico A, the DL of Pico B is muted in this scenario. It should be noted that only when there is the CLI between Pico A’s UL and Pico B’s DL, Pico B’s DL will be muted. 

The carrier frequency is 26GHz, and each mode is simulated with low/medium/high traffic load respectively, the other parameters are provided in Table 1 in the Appendix. The simulation results are as the following.
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(a) Low traffic load

                       (b) Medium traffic load
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(c) High traffic load

Fig. 4   CDF of Geometry SINR

For one certain traffic load, it can be seen that without beamforming, the SINR of the dynamic TDD is worse than that of the static TDD because of CLI. When the beamforming is used, the performance of the dynamic TDD is obviously improved. And the certain SINRs of mode 1 are worse than those of mode 3 and mode 4 since the beamforming scheme adapting the beam direction to the serving UEs.

We can see that the blue solid line and the blue dotted line are respectively the upper and lower bounds with the assumption of beam coordination described above, and the other priority scale simulation curves should be between those two curves. 
Comparing simulations with different traffic loads, within a certain range, as the traffic load increases, the SINR performances of mode 1 get worse, but the improvement of performances between mode 1 and mode 2 is increasing.

Based on the above analysis, we can see the advantages of beam coordination scheme, while the normal business has a certain impact because some DL bursts will be muted. For specifc coordination schemes, we can also choose proper beams to deal with the CLI. Besides different beams may have the different angles between side lobes and main lobes, so the coordination scheme that choosing the beam whose side lobe will not affect other Pico TRP's beam is also possible, but this scheme needs to share more information through the Xn interface in advance. Beyond beam selection, there are also other coordination schemes such as adjusting the transmitting power, etc.
Observation: When dynamic TDD is used for multiple TRP scenario, beam coordination scheme can improve the SINR performance of interference suffering TRP.
3. Conclusion

In this contribution, we discuss the interference scenario of multiple TRP considering dynamic TDD and antenna gain. And the related simulation results are provided. The following observation can be summarized.
Observation: When dynamic TDD is used for multiple TRP scenario, beam coordination scheme can improve the SINR performance of interference suffering TRP.
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Appendix

Table 1. Simulation assumptions

	Scenario
	Outdoor hotspot

	Layout
	Single layer

Outdoor floor: 19Cells,12 TRPs per Cell;

	TDD reconfiguring period
	200TTI

	Inter-TRP distance
	40m

	Carrier frequency 
	26GHz 

	Simulation bandwidth 
	100MHz 

	Penetration loss
	Follow [4]

	TRP Tx power 
	35 dBm 

	UE Tx power 
	Maximum 23 dBm 

	TRP antenna configuration 
	(M,N,P,Mg,Ng)=(4,4,2,1,1)  (dH,dV)=(0.5,0.5)λ

	TRP antenna height 
	25m

	UE antenna configuration
	(M,N,P,Mg,Ng)=(1,1,2,1,1)

	UE antenna height
	1.5m
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