3GPP TSG RAN1#63
R1-106292
Jacksonville, USA
November 15-19, 2010

Source:
Motorola
Title:
Further Details on Cell Range Expansion
Agenda Item:
6.8.1.2
Document for:
Discussion 

1. Introduction
It was agreed in RAN Plenary #47 [2]  to investigate Enhanced ICIC Techniques that are Release 8/9 compatible (i.e. that are backwards compatible with Release 8/9 UEs) for possible standardization. It is very desirable that heterogeneous deployment can also benefit Rel-8/9 UEs, instead of degrading their performance.  It was identified that in Open-Access Heterogeneous Networks, some Pico-UEs may suffer high interference from macro-eNBs due to range extension at Pico-cells that try to serve as many UEs as possible (by biasing cell selection towards Pico-cells), and the situation is often considered more severe at the control channel region than at the data region.  
2. Range Extension Discussion

In our previous contributions [R1-105622, R1-105624] it was shown that low to  moderate cell range extension [e.g. 5dB] with Reuse 1 gave similar or better performance compared to 16dB CRE with TDM of macro cell and open access pico cell transmissions.  Other companies have shown similar results or came to the same conclusion [Panasonic-R1-106089],[Huawei-R1-105853],[NEC-R1-106226],[TI-R1-105903],[ZTE-R1-105971].
In [Moto-R1-105622, Moto-R1-105624] we showed for NGMN bursty traffic that only 3 to 5dB CRE for NGMN was adequate (without macro power deboosting) – see Annex A.  Our full buffer traffic results indicated a 5 dB CRE was adequate and if no macro power deboost then results were still comparable to 16dB CRE with TDM – see Annex B.  Other companies show [e.g. R1-106089] that 5 to 8dB CRE (without power deboosting) is optimum and PDCCH performance (based on accurate modeling) was more than adequate (see also Annex C).
System performance results for NGMN given in Annex A can be summarized as:

a) LOS channel model,  Reuse 1 + 3dB CRE (no macro-cell power de-boosting)  ~ =  TDM + 16dB CRE

b) NLOS channel model, Reuse 1 + 3dB CRE (no macro-cell power de-boosting)  ~ >  TDM + 16dB CRE

The above assumes semi-static resource partitioning and ideal interference cancellation for TDM with large CRE (for CRS and other channels). 

Finally, it was shown that further macro+pico network performance improvement can be obtained by macro-cell power de-boosting.  Annex E shows the loss for deployment scenario by dropping power levels from 40 Watts to 20 Watts (3dB reduction in power) is negligible for loading approaching 50% TUDR. Simulation assumptions are in Annex F.

3. Conclusion
It is concluded, based on extensive system simulations by many companies that small to moderate cell range extension provides good or better results than large cell range extension for both full buffer traffic and NGMN bursty traffic.   
It was also shown that Release 8 downlink control channels are adequate for Pico cells in co-channel heterogeneous networks with small to moderate cell range extension.

Finally, it was shown that further macro+pico network performance improvement can be obtained by macro-cell power de-boosting.
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Annex A: NGMN (bursty) Traffic model results, n=2

Macro+Pico cell performance results for NGMN traffic model for Urban case (Case1) are given below in Figure 1 and Table 1 for the LOS channel model and Figure 2 and Table 2 for the NLOS channel model.  Note also that since 3D antenna patterns were used then performance is better relative to previous reported NGMN bursty traffic results using 2D antenna patterns.

Figure 1 - NGMN Performance Results for LOS model comparing TDM+16dB to Reuse 1 + (3,0)dB

[image: image1.emf]0

2

4

6

8

10

12

14

16

18

10 15 20 25 30

Offered Load (Mbps)

UE Throughput (Mbps)

TDM+16dB - Mean

TDM+16dB - 5%-ile

TDM+16dB - 50%-ile

Reuse1+(3,0)dB - Mean

Reuse1+(3,0)dB - 5%-ile

Reuse1+(3,0)dB - 50%-ile


Table 1 – NGMN Performance Results for LOS model comparing TDM+16dB to Reuse 1 + (3,0)dB
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12.0 11.5 15.5 3.5 15.7 11.2% 11.7 15.7 4.8 15.6 12.9%

16.0 15.2 13.7 2.2 13.1 16.3% 15.5 14.1 4.3 13.4 17.5%

20.0 18.6 13.0 1.4 12.4 20.0% 19.2 12.7 3.3 11.5 22.3%

24.0 21.8 12.0 0.9 10.9 23.7% 22.5 11.3 2.0 9.9 26.7%


Figure 2 - NGMN Performance Results for NLOS model comparing TDM+16dB to Reuse 1 + (3,0)dB
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Annex B: Full Buffer Traffic model results, n=2

Table 3 summarizes throughput results for the full buffer traffic model for LOS and NLOS channel model including [+3, 0] and [+5, 0] results.  
Table 3 – Full Buffer traffic Performance Results for the LOS and NLOS channel model
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Annex C: PDCCH Statistics from Simulations, Model 2, n=2
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Figure 3 – PDCCH SNR CDF
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Figure 4 – PDCCH NCCE aggregation level PDF
Table 3 – PDCCH FER for Macro UEs and Pico UEs
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The PDCCH FER statistics shows that Reuse 1 and Reuse 1 with moderate range extension do not lead to significant increase in PDCCH performance.  Note that the very low PDCCH FER has been reported previously in [9] which showed for 3GPP Case 1, PDCCH FER is indeed much smaller than 1%.

Annex D: 10MHz Macro Performance for 20 and 40 Watt Total Transmit Power per cell

Macro cell performance results for NGMN and Full buffer traffic model for Urban case (Case1) are given below in Table 4 and 5 below for the NLOS channel model for 40 Watt and 20 Watt per cell total transmit power given 2D antenna patterns.  Negligible loss results for Case1 when dropping total cell power from 40 to 20 Watts.
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Annex E: Simulation assumptions
Table 1 – Simulation assumptions

	Parameter
	Assumption/Value

	Cellular layout
	Hexagonal grid, 19 macro eNB cell sites, 3 cells per site, wrapped‑around

	Pico layout
	0 Pico cell (baseline) or 4 Pico cells per macro eNB cell, not wrapped‑around

	Inter-site distance (ISD)
	500 m (DS case 1) 

	Distance-dependent path loss for eNB(UE
	Model 1: L= 128.1+37.6log10(R)

Model 2:PLLOS(R)= 103.4+24.2log10(R)

  PLNLOS(R)= 131.1+42.8log10(R)  For 2GHz, R in km.
Case 1: Prob(R)=min(0.018/R,1)*(1-exp(-R/0.063))+exp(-R/0.063)

	Distance-dependent path loss for Pico(UE
	Model 1: 
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Model 2: PLLOS(R)=103.8+20.9log10(R)

  PLNLOS(R)=145.4+37.5log10(R)  For 2GHz, R in km
Case 1: Prob(R)=0.5-min(0.5,5exp(-0.156/R))+min(0.5, 5exp(-R/0.03))

	Lognormal Shadowing 
	As modeled in UMTS 30.03, B 1.4.1.4

	Shadowing standard deviation: macro to UE
	8 dB

	Shadowing standard deviation: pico to UE
	10 dB

	Correlation distance of Shadowing
	50 m

	Shadowing correlation
	Between sites
	0.5

	
	Between cells per site
	1.0

	Penetration loss from macro to UE
	20 dB

	Penetration loss from Pico to UE
	20 dB

	Carrier frequency
	2 GHz

	Bandwidth
	10 MHz

	Subcarrier spacing
	15 kHz

	Resource block size
	180 kHz (12 subcarriers)

	Subframe duration
	1.0 ms

	Number of OFDM symbols per subframe
	14 (n=2: 11 used for data, 2 for control, 1 for RS overhead)
(n=3: 10 used for data, 3 for control, 1 for RS overhead)

	Channel model
	Typical Urban (TU) used for PDSCH 

	UE deployment
	1425 UEs over 57 cells (uniform random spatial distribution over the network)

	Minimum distance between UE and BS
	35 m

	Minimum distance between Picos
	40 m 

	Frequency reuse factor
	1

	Hybrid ARQ scheme
	IR , Chase combining (asynchronous) (2/3<MCS<4.8), 16 levels

	Hybrid ARQ round trip delay for UE
	8 subframes (8 ms)

	Hybrid ARQ round trip delay for RN backhaul
	10 ms

	Thermal noise density
	-174 dBm/Hz

	Antenna pattern for macro eNBs (horizontal)
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[image: image11.wmf]dB
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 = 70 degrees, Am = 25 dB  (70 degree horizontal beamwidth)

	Antenna pattern for Pico to UEs (horizontal)


	Omni, 0dB for all directions

	Antenna pattern for macro eNBs (vertical)
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	Antenna pattern for Picos (vertical)
	Vertical pattern off and on

	Total macro BS TX power
	40 Watts (46 dBm)  or 20 Watts (43dBm)

	Total Pico TX power
	30 dBm (DS Case 1)

	BS antenna gain (incl. cable loss)
	14 dBi 

	Pico antenna gain (incl. cable loss)
	5 dBi

	BS and Pico transmitter to UEs
	2 antennas

	UE speed 
	3 km/h

	UE receiver
	2 antennas

	UE antenna gain
	0 dBi

	UE noise figure
	9 dB

	CQI feedback delay
	3 ms

	CQI subband size
	96 subcarriers (8 RBs)

	CQI quantization
	5 bits per value/subband

	CQI feedback cycle
	2 ms

	CQI Error
	1dB for low SINR and 0.5 for high SINR

	Traffic type
	Full buffer for BS

	Scheduler
	Time and frequency selective Proportional Fair scheduler

	Control channel model
	Instantiation of convolutional decoder for each UE modeled

Modeled down to REG level at each cell using Subblock interleaver
Hence effects of interference randomization explicitly modeled

	Control channel grant sizes
	43 bits (format 0/1A), 62 bits (format 2)

	UE Channel Estimation
	Non Ideal

	Simulation drops
	3

	Interference modeling
	Frequency selective interference from all eNBs/Picos, top 15 interferers with both frequency/spatial selective interference and fast fading

	Link to System Mapping
	MMIB (for PDSCH), K=7 convolutional decoder (for PDCCH)


PDCCH modeling: SFBC without precoding was used for PDCCH transmission, PCFICH and PHICH borrow 12% of the PDCCH power on the first control symbol, at most 3 dB intra-PDCCH power offset (i.e. the maximum power imbalance within one PDCCH) was used, at most 3 dB PDCCH REG power boosting was assumed, and at most 3 dB PDCCH REG power deboosting was allowed.  Since PDCCH on the first symbol lends power to PCFICH and PHICH, PDCCH on the second or third symbol may be power boosted to compensate (subject to 3 dB boosting limit per REG and total power constraint, e.g. 40 W).  See [7] 

 REF _Ref268608593 \r \h 
[8] for relevant discussions.  1, 2, 4, and 8 CCE aggregations can be used. PDCCH CCE to physical RE mapping (including REG interleaving, cell-specific cyclic shift) was per TR 36.211 v8.6.0.  Note that in the 2 Tx antenna case, half of the RS per antenna are punctured, releasing 3 dB power that was assumed to be used for 1) PCFICH/PHICH (not modeled) if 0 dB RS boosting was simulated, or 2) RS when 3 dB RS power boosting was simulated.  Both ‘n=2’ and ‘n=3’ are to be studied, where the ‘n’ is CFI indicated via PCFICH.  That is, ‘n’ is control region size in OFDM symbols.
It should be noted that some minor simulation assumption differences exist between this contribution and R1-104714 (which addresses FDM and Reuse 1 Range extension performance).  In this contribution, there are on average 4 Picos/cell and 25 UEs/cell, and both the Picos and UEs are dropped uniformly randomly over the entire 57-cell network.  Each cell’s Pico number may  range from 0 to ~10 and each cell’s UE number may range from ~16 to ~35 which are in fact Poisson distributed with mean equal to 4 and mean equal to 25, respectively.  In R1-104714, however, it assumes exactly 4 Picos/cell and 30 UEs/cell were dropped.  In addition, in R1-104714, large-scale fading was generated using the approach specified by ITU (see TR36.814 Annex B1.2.2) which leads to correlated large-scale fading parameters, while in this contribution the large-scale fading parameters were independent.  These minor differences cause about 3~7 percentage point difference in UE attachment ratios between this contribution and R1-104714.
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