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1. Introduction

This contribution summarizes the email discussion [1] after RAN1#72bis. In an effort to better align the simulation results for co-channel scenario for Heterogeneous Networks. For the uplink results with full buffer traffic, the UE throughput fairness curves have been compared. For the downlink results with bursty traffic, an additional metric for outage has been used. Tables including the results from all companies for UL Full Buffer, and DL Bursty Traffic are given in the Appendix. These tables will be updated after the RAN1#73 meeting.
2. Uplink calibration for full buffer
The statistics used for comparison are the UE throughput CDFs for baseline and hetnet scenarios, the UE throughput fairness and average cell RoT CDFs. The following simulation assumptions are used:
· LPN power, 30dBm and 37dBm

· 8 UEs/Macro geographic area

· 50% Hotspot UE dropping (60m radius for 37dBm, 35m radius for 30dBm)

· 4 LPN/Macro

· 3dB CIO, 0dB LPN UL Padding

· 6dB RoT target

· Soft-handover enabled between LPN and Macro 

· R1a (reporting range constant) = 4.5dB 

· Outdoor pathloss model

Here we report only the UE throughput fairness curves provided by various companies. Figure 1 to 3 shows the fairness curves. The other statistics can be found in the email thread associated with this discussion. From the fairness curves we note that there are some differences even for the baseline curves. More discussions are expected in RAN1#73.
Table 1 shows the simulation results for the uplink full buffer cases provided by several companies so far. The results referring to the Figures 1 to 3 are highlighted. The table will be updated after RAN1#73. 
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Figure 1  UE Throughput fairness for LPN 30dBm (left) and 37 dBm (Qualcomm)
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Figure 2  UE Throughput fairness for LPN 30dBm (left) and 37 dBm (Huawei)
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Figure 3  UE Throughput fairness for LPN 37dBm (Ericsson)

Table 1: Results for UL Full Buffer Results for 50% Hotspot UE Dropping
	LPN Power
	LPN Num
	CIO        [dB]
	 Downlink Throughput Gain [%]
	Macro RoT (dB)
	LPN RoT (dB)
	Offloading            [%]
	source

	
	
	
	Mean 
	Median 
	5%
	Mean 
	90%
	Mean
	90%
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	37dBm
	1
	3
	176%
	77%
	22%
	 
	6.3
	 
	5.70
	32%
	Huawei

	
	2
	0
	247%
	98%
	45%
	5.9
	6.1
	4.9
	 5.64
	29%
	

	
	
	3
	292%
	88%
	20%
	6.0
	6.5
	4.8
	 5.54
	37%
	

	
	4
	0
	414%
	222%
	65%
	5.9
	 6.21
	4.6
	 5.51
	42%
	

	
	
	3
	463%
	337%
	46%
	6.1
	 6.58
	4.6
	 5.47
	52%
	

	
	1
	0
	160%
	130%
	58%
	5.6
	5.7
	5
	6
	28%
	Qualcomm

	
	
	3
	178%
	154%
	67%
	5.6
	5.8
	5
	5.8
	34%
	

	
	2
	0
	223%
	185%
	65%
	5.6
	5.8
	4.1
	5.8
	31%
	

	
	
	3
	259%
	216%
	64%
	5.7
	5.9
	4
	5.7
	40%
	

	
	4
	0
	298%
	219%
	129%
	5.6
	5.8
	3.2
	4.9
	39%
	

	
	
	3
	344%
	230%
	167%
	5.7
	5.9
	3.1
	5
	48%
	

	
	 
	0
	275%
	303%
	 
	 
	 
	 
	 
	 
	Ericsson

	
	4
	3
	303%
	268%
	138%
	 
	 
	 
	 
	51%
	

	
	2
	0
	158%
	75%
	-62%
	6.1
	6.4
	5.2
	6.4
	31%
	NSN

	
	
	3
	167%
	80%
	-91%
	6.3
	7
	5.4
	6.3
	40%
	

	
	4
	0
	252%
	153%
	-65%
	6.1
	6.5
	4.7
	6.4
	41%
	

	
	
	3
	265%
	198%
	-94%
	6.4
	7.3
	4.9
	6.4
	49%
	

	
	2
	0
	184%
	74%
	30%
	6.5
	7.6
	5.9
	7.8
	30%
	Renesas

	
	
	3
	202%
	76%
	-5%
	6.7
	7.9
	6.2
	7.9
	39%
	

	
	4
	0
	281%
	124%
	49%
	6.6
	7.8
	5.5
	7.5
	39%
	

	
	
	3
	306%
	151%
	2%
	6.9
	8.2
	5.7
	7.6
	49%
	

	30dBm
	1
	3
	132%
	105%
	59%
	 
	6.0
	 
	6.9
	30%
	Huawei

	
	2
	0
	178%
	100%
	32%
	5.8
	6.0
	5.8
	7.4
	24%
	

	
	
	3
	257%
	141%
	70%
	5.7
	6.0
	5.4
	6.1
	33%
	

	
	4
	0
	301%
	146%
	81%
	5.7
	5.9
	5.0
	6.4
	29%
	

	
	
	3
	394%
	216%
	104%
	5.7
	6.0
	4.8
	5.9
	38%
	

	
	1
	3
	162%
	184%
	59%
	5.6
	5.8
	5.9
	6.8
	31%
	Qualcomm

	
	2
	3
	249%
	211%
	91%
	5.6
	5.8
	4.7
	6.6
	33%
	

	
	4
	3
	315%
	233%
	116%
	5.6
	5.8
	3.7
	6
	37%
	

	
	2
	0
	135%
	47%
	-91%
	6.2
	6.3
	6.5
	9.5
	26%
	NSN

	
	
	3
	165%
	87%
	-62%
	6.2
	6.6
	5.9
	7.8
	33%
	

	
	4
	0
	213%
	90%
	-26%
	6.5
	7
	5.7
	9
	30%
	

	
	
	3
	253%
	162%
	16%
	6.5
	7
	5.3
	7.6
	38%
	

	
	2
	0
	165%
	94%
	40%
	6.4
	7.5
	6.9
	9.1
	27%
	Renesas

	
	
	3
	202%
	123%
	69%
	6.4
	7.6
	6.6
	8.5
	33%
	

	
	4
	0
	254%
	133%
	83%
	6.4
	7.6
	6.3
	8.4
	30%
	

	
	
	3
	319%
	179%
	105%
	6.5
	7.7
	6.1
	8
	39%
	

	24dBm
	1
	3
	132%
	140%
	-19%
	5.6
	5.8
	7.7
	10.3
	32%
	Qualcomm

	
	2
	3
	229%
	213%
	59%
	5.6
	5.7
	6
	8.9
	34%
	

	
	4
	3
	256%
	218%
	80%
	5.6
	5.8
	4.3
	7.9
	33%
	


3. Downlink calibration for bursty traffic
The statistics used for comparison are the UE Average Burst Rate. The following simulation assumptions are used:

· LPN power, 30dBm and 37dBm

· 16 UEs/Macro geographic area

· 50% Hotspot UE dropping (60m radius for 37dBm, 35m radius for 30dBm)

· 4 LPN/Macro
· 3dB CIO

Figures 4 to 6 show the UE average burst rate. The outage metric has been considered. For a given offered load, the percentage of UEs in outage can be read from the CDF of the UE average burst rate. For an  offered load of 400 kbps, from the results in Figures 4 to 6, the percentage of UEs in outage range from 20% to 4% for the baseline, while it is almost close to 0% for the considered hetnet scenarios. 
Table 3 shows the results shows the simulation results for the downlink bursty traffic for 50% hotspot UE dropping, with 16 UEs, provided by several companies so far. The results referring to the Figures 4 to 6 are highlighted. The average burst rate and offloading percentages are quite aligned, while the major differences can be seen for the 5% burst rate. Table 3 will be updated after RAN1#73.
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Figure 4  UE Avg Burst Rate for LPN 30dBm (left) and 37 dBm (Qualcomm)
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Figure 5 UE Avg Burst Rate for LPN 30dBm (left) and 37 dBm (Huawei)
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Figure 6 UE Avg Burst Rate for LPN 30dBm and 37 dBm (CHTTL)

Table 3: Results for DL Bursty Traffic for 50% Hotspot UE Dropping, 16 UEs 
	LPN Power
	LPN Num
	CIO        [dB]
	16 UE/Macro
	Offloading 
[%]
	source

	
	
	
	Average Burst Rate Gain
	Median Burst Rate Gain 
	5% Burst Rate Gain
	
	

	
	
	
	
	
	
	
	

	37dBm
	1
	3
	119%
	134%
	109%
	30%
	Huawei

	
	2
	3
	164%
	181%
	184%
	38%
	

	
	4
	3
	219%
	274%
	314%
	52%
	

	
	4
	0
	252%
	213%
	173%
	41%
	Ericsson

	
	1
	0
	111%
	 
	241%
	27%
	Qualcomm

	
	
	3
	128%
	 
	386%
	33%
	

	
	2
	0
	125%
	 
	375%
	30%
	

	
	
	3
	156%
	 
	647%
	39%
	

	
	4
	0
	173%
	 
	646%
	39%
	

	
	
	3
	204%
	 
	928%
	49%
	

	
	4
	0
	194%
	254%
	309%
	46%
	CHTTL

	
	
	3
	208%
	278%
	413%
	50%
	

	30dBm
	1
	3
	132%
	149%
	120%
	29%
	Huawei

	
	2
	3
	146%
	177%
	158%
	32%
	

	
	4
	3
	187%
	238%
	239%
	40%
	

	
	4
	0
	206%
	157%
	137%
	32%
	Ericsson

	
	1
	0
	114%
	 
	180%
	24%
	Qualcomm

	
	
	3
	131%
	 
	382%
	30%
	

	
	2
	0
	117%
	 
	381%
	25%
	

	
	
	3
	142%
	 
	608%
	33%
	

	
	4
	0
	142%
	 
	448%
	29%
	

	
	
	3
	169%
	 
	706%
	36%
	

	
	4
	0
	177%
	240%
	201%
	35%
	CHTTL

	
	
	3
	194%
	269%
	338%
	43%
	

	24dBm
	1
	0
	124%
	 
	302%
	25%
	Qualcomm

	
	
	3
	142%
	 
	488%
	31%
	

	
	2
	0
	124%
	 
	316%
	27%
	

	
	
	3
	149%
	 
	532%
	34%
	

	
	4
	0
	122%
	 
	357%
	25%
	

	
	
	3
	147%
	 
	575%
	33%
	


4. Conclusion
We summarized the results provided in the email discussion. Further discussion is needed during RAN1#73 to conclude on the simulation results for the UL (full buffer and bursty traffic) and DL (bursty rraffic) co-channel scenario for Heterogeneous Networks.
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