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1 Introduction
We observe that there are multiple ways to implement Cat.2 baseline and if an implementation produces heavy inter-cell interference, it is important to use radio based wrapping for correct modeling and reliable performance numbers. This is analyzed in detail in this contribution. 
2 Analysis of Radio vs. Geographic based wrapping 

The geographic based wrapping is a simplification that sometimes does not give a correct interference model, leading to too weak interference. The radio based wrapping is more accurate and usually gives lower throughput results due to this modeling artefact. See [3] for a discussion of wrapping methodologies.
Although RAN1 agreed to use Category2 as the default baseline for FDD evaluations, Cat. 2 is not defined in detail. Care must be taken when designing the sub-array tilts and virtual cell pointing directions, and more important than main beam directions, where the interference is directed and thus where the nulls are placed is very important for the interference in the system and the performance. 

In Table 1 and 2 below, two different Cat. 2 baselines are given, from [1] and [2] respectively. In Appendix A, the corresponding beam plots are shown. Studying these plots it becomes apparent that the [1] variant of Cat. 2 baseline does transmit a lot of interference towards the horizon, thereby creating a lot of interference towards other cells. The other Cat. 2 baseline [2], having a null towards the horizon, implies lower inter-cell interference and as will be seen, the performance improves for this baseline. 
Table 1: Cat. 2, 8x4 with baseline configuration[1]
	Scenario
	Antenna config
	Virtualization
	# of TXRU ports
	# of beams
	CSI_RS beam angles (deg)
	Cell selection

	3D UMi
	8x4
	4x1: 100 deg
	16
	4
	81.01, 88.21, 95.38, 102.64
	port 0

	
	
	2x1: 100 deg
	32
	4
	81.01, 88.21, 95.38, 102.64
	port 0


Table 2: Cat. 2, 8x4 with baseline configuration [2]
	Scenario
	Antenna config
	Virtualization
	# of TXRU ports
	# of beams
	CSI_RS beam angles (deg)
	Cell selection

	3D UMi
	8x4
	4x1: 108 deg
	16
	2
	108, 118 
	port 0

	
	
	2x1: 130 deg
	32
	4
	108, 118, 128, 138
	port 0


To study the impact of wrapping, we have simulated the Cat. 2 baseline implementations [1] and [2] for 8x4 antenna configuration with both geographic based and radio based wrapping. The results are shown in Figure 1 below, where the cell edge throughput of geographical based wrapping is given relative to radio based wrapping. Both 16 and 32 TXRU cases were evaluated.
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Figure 1 The cell edge performance difference (%) between geographical and radio based wrapping for 20, 50, and 70% RU (radio based wraping is the reference, i.e. 0%)  . It can be seen that the Cat. 2 baseline [1], which creates a lot of inter-cell interference, highly under-estimates the interference when geographical wrapping is used.
It can be seen that geographic wrapping gives significantly higher UE throughputs than radio based wrapping with both 16 and 32 TXRUs for Cat.2 baseline [1].  At high load, the cell edge throughput difference is as high as 100%.  This is an indication that the system is heavily interference sensitive. 

Observation: A large performance difference between geographical and radio based wrapping indicates that the simulated system is highly interference sensitive, i.e. inter cell interference is high.

Hence, when the difference is large, the geographical wrapping results are not reliable. In particular, the results in [1] are highly over estimated due to the inadequate wrapping in the geographic based simulations leading to an artificially low interference.  
The radio based vs. geographic based wrapping performance is compared in Table 4 using a different Cat. 2 baseline configuration [2], summarized inTable 2. Since the inter-cell interference is lower due to the avoidance of the horizon, the difference between the accurate radio based wrapping modeling and the approximate geographical wrapping is smaller for Cat. 2 baseline configuration [2].
When inter-cell interference is not managed properly (as when using a sub-array tilt does not place a null toward horizon), the geographic wrapping can produce results with significantly higher, but artificial, UE throughputs. These results are then misleading.  So it is very important to use radio based wrapping in system simulations when inter-cell interference are high.
Proposal: In Cat. 2 baselines that have a high level of inter-cell interference (such as [1]), radio based wrapping must be used to achieve reliable results.

3 Conclusion

Based on the analysis in this contribution, we propose:
Proposal: In Cat. 2 baselines that have a high level of inter-cell interference (such as [1]), radio based wrapping must be used to achieve reliable results.
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5 Appendix A: Beam Patterns
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Figure 3:  Vertical beam patterns of an 8x4  antenna with 4x1 100 degree virtualization.  16 ports with four vertical CSI-RS beams at  (81.01, 88.21, 95.38, 102.64)  degrees according to [1].  The red line with circles is the beam pattern of a single TXRU.
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Figure 4: Vertical beam patterns  of  an 8x4  antenna with 2x1 100 degree virtualization.  32-ports with four vertical CSI-RS beams at (81.01, 88.21, 95.38, 102.64) degrees according to [1]. The red line with circles is the beam pattern of a single TXRU.
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Figure 5:  Vertical beam patterns  of  a 8x4  antenna with 4x1 108 degree virtualization.  16 ports with two vertical CSI-RS beams at  (108,118)  degrees.  The red line with circles is the beam pattern of a single TXRU. It is noted that the beam pattern has a null towards the horizon.
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Figure 6:  Vertical beam patterns  of  a 8x4  antenna with 2x1 130 degree virtualization.  32 ports with four vertical CSI-RS beams at  (108,118,128,138)  degrees.  The red line with circles is the beam pattern of a single TXRU.  It is noted that the beam pattern has a null towards the horizon.
6 Appendix B: Results

Table 3: 8x4 cat.2 results with [1] baseline configuration

	Scenario
	Antenna 
	TXRU (Q)
	RU (%)
	UPT
	Cat.2 4beams: 

radio based wrapping
	Cat.2 4beams: geographic based wrapping
	Gain

	UMi
	8x4
	16
	20%
	λ
	1.76
	
	

	
	
	
	
	Mean 
	3.3021
	3.5231
	7%

	
	
	
	
	50%
	3.3801
	3.8106
	13%

	
	
	
	
	5%
	1.273
	1.4826
	16%

	
	
	
	50%
	λ
	3.11
	
	

	
	
	
	
	Mean 
	2.1356
	2.5922
	21%

	
	
	
	
	50%
	1.8767
	2.3996
	28%

	
	
	
	
	5%
	0.504
	0.6837
	36%

	
	
	
	70%
	λ
	3.64
	
	

	
	
	
	
	Mean 
	1.4918
	2.1318
	43%

	
	
	
	
	50%
	1.1343
	1.8523
	63%

	
	
	
	
	5%
	0.2519
	0.5004
	99%

	UMi
	8x4
	32
	20%
	λ
	1.78
	
	

	
	
	
	
	Mean 
	3.3325
	3.5602
	7%

	
	
	
	
	50%
	3.4694
	3.8794
	12%

	
	
	
	
	5%
	1.2901
	1.5108
	17%

	
	
	
	50%
	λ
	3.12
	
	

	
	
	
	
	Mean 
	2.1295
	2.4895
	17%

	
	
	
	
	50%
	1.8513
	2.2523
	22%

	
	
	
	
	5%
	0.4793
	0.6278
	31%

	
	
	
	70%
	λ
	3.60
	
	

	
	
	
	
	Mean 
	1.492
	2.1973
	47%

	
	
	
	
	50%
	1.1077
	1.9574
	77%

	
	
	
	
	5%
	0.2486
	0.4526
	82%


Table 4:  8x4 cat.2 results with [2] baseline configuration
	Scenario
	Antenna 
	TXRU (Q)
	RU (%)
	UPT
	Cat.2 baseline: 

radio based wrapping
	Cat.2 baseline: geographic based wrapping
	Gain

	UMi
	8x4
	16
	20%
	λ
	1.81


	
	

	
	
	
	
	Mean 
	3.4518
	3.5243
	2%

	
	
	
	
	50%
	3.5435
	3.7037
	5%

	
	
	
	
	5%
	1.2474
	1.2911
	4%

	
	
	
	50%
	λ
	3.32
	
	

	
	
	
	
	Mean 
	2.2989
	2.4347
	6%

	
	
	
	
	50%
	1.9975
	2.1457
	7%

	
	
	
	
	5%
	0.508
	0.5927
	17%

	
	
	
	70%
	λ
	4.02
	
	

	
	
	
	
	Mean 
	1.6072
	1.719
	7%

	
	
	
	
	50%
	1.2295
	1.3623
	11%

	
	
	
	
	5%
	0.2498
	0.2719
	9%

	UMi
	8x4
	32
	20%
	λ
	1.81


	
	

	
	
	
	
	Mean 
	3.4138
	3.4318
	1%

	
	
	
	
	50%
	3.6218
	3.6544
	1%

	
	
	
	
	5%
	1.3037
	1.2956
	-1%

	
	
	
	50%
	λ
	3.52
	
	

	
	
	
	
	Mean 
	2.308
	2.35
	2%

	
	
	
	
	50%
	2.0846
	2.1377
	3%

	
	
	
	
	5%
	0.571
	0.5646
	-1%

	
	
	
	70%
	λ
	4.30
	
	

	
	
	
	
	Mean 
	1.6675
	1.7607
	6%

	
	
	
	
	50%
	1.2952
	1.4438
	11%

	
	
	
	
	5%
	0.2876
	0.3113
	8%


7 Appendix C:  Simulation Assumptions

	Carrier frequency 
	2 GHz 

	Bandwidth 
	10 MHz 

	Scenarios 
	3D UMi 200m ISD, 3D UMa 500m ISD 

	Cell layout 
	19 sites, 3 sectors per site 

	Wrapping 
	Radio distance based and geographic based

	UE receiver 
	MMSE-IRC 

	CSI periodicity 
	5 ms 

	CSI delay 
	5 ms 

	CSI mode 
	Aperiodic mode 3-2 

	Outer loop LA 
	Yes, 10% BLER target 

	eNB Tx power 
	41 dBm UMi, 46dBm UMa 

	Traffic model 
	Non-full buffer, 500 kB packet size 

	UE speed 
	3 km/h 

	UE noise figure 
	9dB 

	Scheduling 
	Proportional fair in time and frequency 

	CRS interference 
	Not modeled. Overhead accounted for 2 CRS ports. 

	DMRS overhead 
	2 antenna ports 

	CSI-RS 
	Overhead accounted for; channel estimation error modeled 

	Codebook 
	Rel.10 8Tx 

	HARQ 
	Max 5 retransmissions 

	Antenna spacing 
	0.8 lambda in vertical, 0.5 lambda in horizontal 

	Handover margin 
	3 dB



