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Introduction
In the CLI WI, UE-to-UE CLI measurements are to be introduced to facilitate CLI mitigation mechanisms in dynamic TDD scenarios. However, as was also heavily discussed in the Rel-15 WI, it is difficult to observe large performance gain with even ideal CLI mitigation in realistic scenarios. In this contribution, we re-cap some of our previous evaluation results for CLI mitigation for dynamic TDD.
Discussion
Simulation assumptions
The system level simulations presented herein are performed according to the agreed evaluation assumptions for the NR SI as described in [2]. The deployment scenario considered is the dense urban scenario. Some salient parameters are described in the following. The macro inter-site distance is 200 meters with an antenna height of 25 meters. 21 macro cells operating at 4 GHz are used in the evaluation with three micro cells operating at 30 GHz in the coverage area of each micro cell. The micro-cells have an antenna height of 10 meters and are located at the hotspot edge and pointed towards the center of the hotspot. Thus, there are a total of 63 hotspots in the evaluation with a radius of 15 meters each. A total of 1260 users are distributed throughout the network with 2/3 in hotspots and 1/3 outside hotspots. 80% of the users are indoors and 20% of the users are outdoors (in cars). The indoor users are distributed over 8 floors. 
At the macro, 128 antenna elements are assumed per panel. For the micro, 64 antenna elements are assumed per panel which is a 2x2 panel. For the UE 16 antenna elements are assumed per panel with two panels at the UE, one on each side. More details on simulation assumptions are provided in Table 1 in the Appendix. 
The following TDD options are considered for the system level evaluations:
· Case 1: Dynamic TDD
A TDD scheme where the direction of transmission is not fixed on any resource in a static or semi-static manner and can be changed dynamically between DL and UL. In the evaluation, depending on the incoming traffic and the scheduler decision, any slot can carry DL or UL traffic. 
Operation based on dynamic TDD is expected to cause so-called cross-link interference where the dominant interference for a transmission in one direction (e.g., downlink) is caused by another transmission in the other direction (e.g., uplink).
· Case 2: Static TDD
A coordinated TDD scheme where the DL:UL ratio for the allocated slots is fixed for some period of time and the same DL:UL ratio is used by all nodes in the network. This scheme is equivalent to the traditional legacy TDD. In other words, the number of DL slots followed by UL slots are the same and synchronous across all the nodes in the network.
Operation based on static TDD is immune to so-called cross-link interference while the DL to UL ratio for the allocated slots follows a static or semi-static structure that is matched to the long-term statistics of the incoming DL to UL traffic ratio.
· Case 3: Hybrid dynamic and static TDD at macro cells with intra-site coordination of macro cells
A hybrid scheme where dynamic TDD is used at the macro cells unless there is traffic in opposite directions to be scheduled in the macro cells at the same site, in which case, the macro cell is switched to a fixed TDD scheme with a fixed DL:UL ratio. The DL:UL ratio used is the same for all macro cells in the network.
· Case 4: Hybrid dynamic and static TDD at macro cells with intra-site coordination of macro cells and with ideal interference cancellation of two closest interfering macro-cells from other sites
Here, in addition to the intra-site coordination described in the previous scheme, ideal cancellation of the interference from the two closest macro cells from neighboring sites that are pointed towards this cell is assumed. This scheme can thus be seen as an upper bound to a realistic CLI mitigation scheme based on UE-to-UE CLI measurements.
Observation:
· Case 3 incorporates a practical CLI mitigation scheme which does not require UE-to-UE CLI measurements or inter-site coordination 
· Case 4 can be seen as an upper bound for the performance of realistic CLI mitigation scheme based on UE-to-UE CLI measurements 
The simulations are carried out for the case with heavy DL traffic assuming DL:UL traffic ratio of 4:1. For the static TDD scheme, in the former case, 4 DL slots are followed by one UL slot synchronously across all the nodes whereas in the latter case every other slot is DL or UL in a synchronous manner across all the nodes. A packet size of 0.5 MB is considered for FTP traffic.
Simulation results and analysis
Figure 1 and Figure 2  provide an overview of the performance comparison between the dynamic TDD scheme, static TDD scheme, hybrid dynamic/static TDD with intra-site coordination and hybrid dynamic/static TDD with intra-site coordination and ideal interference cancellation schemes described in the previous section. The DL mean and cell-edge user throughput of Macro layer users are reported for asymmetric traffic between DL and UL focusing UE to UE interference issues in proximity at the same frequency. In order to base the comparison on realistic operational loads, the ratio of the served traffic over offered traffic for the TDD schemes is also provided in Figure 3 for the which can be used to identify if the system is stable or not. 

[bookmark: _Ref466017869]Figure 1: The DL mean user throughput vs. served traffic per macro cell for NR Dense Urban scenario for the macro layer at 4GHz with DL:UL traffic ratio of 4:1. 

[bookmark: _Ref466017998][bookmark: _Ref466038005]Figure 2: The DL 5th%-ile user throughput vs. served traffic per macro cell for NR Dense Urban scenario for the macro layer at 4GHz with DL:UL traffic ratio of 4:1. 

[bookmark: _Ref466017872]Figure 3: The ratio of served over offered traffic vs. served traffic per macro cell for NR Dense Urban scenario for the macro layer at 4GHz with DL:UL traffic ratio of 4:1. 
From the simulation results it can be first observed that dynamic TDD improves the downlink mean and cell edge throughput as illustrated in Figure 1 and Figure 2 for low loads as compared to the static TDD scheme. As the load in the network increases, the dynamic TDD scheme is outperformed by the static TDD scheme in DL performance. 
Observation: 
· For the macro layer at 4 GHz, dynamic TDD yields gains at low loads as compared to static TDD, but yields poorer DL performance at medium to high loads.
Comparing the properties of the dynamic and static TDD schemes, in dynamic TDD the scheduler has the flexibility to allocate resources for DL or UL transmissions based on the incoming DL or UL traffic. In that respect, the static TDD scheme suffers from potential delay due to the fixed resource allocation for DL or UL transmission. On the other hand, the dynamic TDD scheme may potentially suffer from cross-link interference while such interference is absent in the network operating based on the static TDD scheme. 
Examining the system performance, it is clear that UE-to-UE cross-link interference affects the performance of the system except at low loads. However, the results show that Case 3, with the practical CLI mitigation scheme based on hybrid TDD, can remedy most of the losses due to CLI by dynamically switching to static TDD pattern based on UL/DL buffer status of the co-sited cells. Adding additional CLI mitigation based on UE-to-UE CLI measurements, can even in the ideal case (the evaluated Case 4) only provide limited additional performance gain. With practical CLI mitigation based on actual UE-to-UE measurements, the performance gain is expected to be lower.
Observation:
· Advanced CLI mitigation scheme based on UE-to-UE CLI measurements and inter-site coordination can only bring limited benefit on top of simple CLI mitigation scheme based on switching to static TDD pattern response to UL/DL buffer status of co-sited cells
This should be kept in mind when designing the UE-to-UE CLI measurements in this WI. Clearly, since the potential performance gain with this feature is limited, it is not warranted to specify a very complex solution.

Proposal:
· As the potential benefit with UE-to-UE CLI measurements is limited, avoid over-specifying a complex solution 

Conclusions
In this contribution, we have presented evaluation results for dynamic TDD with and without CLI mitigation and made the following key observation:
Observation:
· Advanced CLI mitigation scheme based on UE-to-UE CLI measurements and inter-site coordination can only bring limited benefit on top of simple CLI mitigation scheme based on switching to static TDD pattern response to UL/DL buffer status of co-sited cells
Whereby we propose the following:
Proposal:
· As the potential benefit with UE-to-UE CLI measurements is limited, avoid over-specifying a complex solution 
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Appendix
[bookmark: _Ref466070001]Table 1: Additional simulation assumptions for dense urban deployment
	Inter-BS distance
	Macro-to-macro: 200m
Micro-to-micro: 10m (randomly placed on edge of hotzone cluster with radius of 15m)

	Minimum BS-UE (2D) distance 
	Macro-to-UE: 35m [TR36.897]
Micro-to-UE: 10m [TR36.897]

	Minimum UE-UE (2D) distance 
	3m

	Carrier frequency 
	4GHz for Macro, 30GHz for Micro

	Simulation bandwidth 
	4GHz: One carrier with 20MHz (TDD)


	Channel model 
	Below 6GHz:
 Macro-to-UE: 3D UMa 
 Micro-to-UE: 3D UMi 
 Macro-to-Macro: 3D UMa (h_UE=25m)
 Macro-to-Micro: 3D UMa (h_UE=10m) 
 Micro-to-Micro: 3D UMi (h_UE=10m) 
 UE-to-UE: A.2.1.2 in TR36.843

	Penetration loss
	Follow [2]

	BS Tx power 
	Macro layer:  Below 6GHz: 44 dBm

	UE Tx power 
	Maximum 23 dBm 

	BS antenna configuration 
	Below 6GHz: 
 Baseline:
 (M,N,P,Mg,Ng)=(8,8,2,1,1)
 (dH,dV)=(0.5,0.8)λ 
 

	BS antenna configuration
	


	BS antenna height 
	Macro: 25m
Micro: 10m

	BS antenna element gain + connector loss
	8 dBi

	BS antenna tilt
	Macro:108deg
Micro:105deg

	BS receiver noise figure 
	Below 6GHz: 5 dB
Above 6GHz: 7 dB

	UE antenna configuration 
	


	UE antenna elements
	For 4GHz: 2Tx and 2Rx


	UE antenna
	

 
  for outdoor UEs: 1




 for indoor UEs: ~uniform(1, ) where ~uniform(4,8)

	UE antenna gain
	For below 6GHz: Follow the modeling of TR36.873
For 30GHz: 5dBi

	UE receiver noise figure
	Below 6GHz: 9 dB
Above 6GHz: 13 dB 

	Traffic model
	FTP traffic model 3 with packet size 0.5Mbytes 

	UE distribution
	For FTP traffic model 3: 2/3 users randomly and uniformly dropped within the clusters, 1/3 users randomly and uniformly dropped throughout the macro geographical area. 80% indoor and 20% outdoor

	UE receiver
	MMSE-IRC 

	BS receiver 
	MMSE-IRC 

	UE association
	UE connected to Macro or Micro layer, based on RSRP measurement

	Transmission mode
	SU-MIMO 
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