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1. Summary

Previous results [
] have shown that MIMO is not promising in macrocellular environments compared to existing 3GPP antenna systems.  However, MIMO may be beneficial for WCDMA in alternative environments (particularly small cells), and RAN has tasked RAN1 to evaluate the performance of MIMO schemes in macrocells and a micro urban scenario [
] by May [
].  

In this contribution, we examine the performance of PARC, DS-TxAA, and narrow antenna patterns (in this case, 6 sectors) in the micro urban scenario using LMMSE receivers.  We observe:

· As in the macrocellular environment, 6 sectors provides substantially better site throughput: nearly twice that of single antenna 3 sector.  However, we also find that its user throughput is often similar to that of (3 sector) PARC for up to median user data rates.

· MIMO transmission schemes can improve site throughput, though not as dramatically as narrow antenna patterns.  We observed MIMO site throughput gains of about 14-27%, which is rather less than the 90-100% improvement from sectorization.

· Sectorization has a smaller standard deviation in site throughput, and so could have reduced requirements on backhaul dimensioning.

· Significant improvement from MIMO in user data rates occurs only over the top 10-20% of users, even in the 6 dB isolated case.

· D-TxAA can provide worthwhile gains over PARC.  In these simulations, we observed PARC throughput gains over 1 antenna ranging from 5% to 21%, but D-TxAA gains over 1 antenna of 14% to 27% (that is, about 6-9% more gain over single antenna than PARC).  The greater TxAA gains come in at the data rates, and so TxAA tends to provide better coverage than PARC.

· We attribute larger D-TxAA gains to its closed loop nature: it can exploit directivity as well as cleanly fall back to closed loop transmit diversity.  PARC (as proposed in [
]) does not vary antenna patterns, transmits two equal power streams, and does not naturally fall back to an existing 3GPP transmit diversity mode.

Overall, we find that narrow antenna patterns are the most promising way to improve site throughput in urban microcells, and offer similar or better user data rates to PARC over much of the cell.  For applications that require maximum peak data rate, we find that D-TxAA is the more suitable of the two MIMO schemes to improve the high end of the data rate distribution, given its better backward compatibility, performance, and coverage.

2. simulations

Earlier contributions have compared MIMO schemes (PARC [
] and D-TxAA [
]) to existing HSDPA antenna systems.  Here, we provide some additional system level results in the urban microcell scenario at 3 km/h. Detailed simulation assumptions are provided in the Appendix.  It may be worth noting that operator input to RAN1 [
] indicated that the 20 dB building penetration should be used.  Ten dB penetration is used in this contribution due to lack of time, and so multistream gains from MIMO could be somewhat optimistic.

The PARC method simulated is that of [4], where 2 equal power streams are rate adapted.  A fall back to transmit diversity is not simulated.  

The D-TxAA method uses the closed loop transmit diversity mode 1 code book, and adapts the transmission power on the two streams to maximize throughput.  Therefore, at low SNR, the transmission automatically falls back to closed loop transmit diversity.

The scheduler used is proportionally fair in a UE is scheduled when its channel conditions are good relative to its average.  However, we did not use the classical version of proportional fair because when a UE is in very good channel conditions, the MCS state may often be clipped at its maximum, and it is hard for its local channel condition to be much greater than its mean.  This can cause UEs in the best channel conditions to be less frequently (unfairly) scheduled.  Instead, we schedule all UEs for the (exact) same amount of time, but schedule them when their SINR is at a local maximum.

We present CDFs of user and site throughputs, considering both round robin and proportional fair.  Both the isolated cell (with 6 dB isolation) and the normal non-isolated case are presented.  Each figure shows results for single antenna in 3 and 6 sectors, for PARC, and for D-TxAA.  The legend contains the mean of each curve (in Mbps).  

The user throughput CDFs are CDFs of the data rates users experience as a function of their position in the cell.  The site throughput CDFs are CDFs of the transmitted data rate from the site at any given point in time.  These two plots indicate performance from both the Node B and the UE’s point of view, describing each user’s experience and the spectral efficiency, respectively.

Figure 1 shows the site throughput CDFs for the non-isolated cell case.  Note that in these curves the standard deviation is also included in parentheses in the legend.  We observe that both MIMO schemes provide higher peak site throughput, but that they are always substantially less than the 6 sector site throughput.  Furthermore, the standard deviation of sectorization relative to the mean is much smaller than that of the MIMO schemes.  This can have impact on backhaul dimensioning.
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Figure 1: Site Throughput, 0 dB Isolation, Proportional Fair

We also see that D-TxAA consistently provides greater throughput than single antenna transmission, even at the lower ends of the CDF.  This is in contrast to PARC, which has lower capacity than single antenna transmission over much of the cell (but higher data rates than single antenna in good channel conditions).

The results in Figure 2 have the same order in performance, although the higher SINRs improve the benefit of MIMO.  Here we find that PARC closely follows 3 sectored single antenna transmission at and below the 10% point, whereas D-TxAA provides gain even at the lowest CDF points.    We also observe that 6 sector performs better in this situation, actually providing slightly more gain relative to 3 sector than in the 0 dB isolation case.
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Figure 2: Site Throughput, 6 dB Isolation, Proportional Fair

The table below summarizes the gains in mean site throughputs relative to 3 sectors.  We observe that D-TxAA provides 6-9% more gain over 3 sectors than PARC does, and that the greater gain comes where it is more likely to be needed: at lower isolation (presumably where load would be higher).

	Isolation
	3 Sectors
	PARC
	D-TxAA
	6 Sectors

	0
	1
	5%
	14%
	88%

	6
	1
	21%
	27%
	98%


Figure 3 shows the user data rates for the different schemes when the proportional fair scheduler is used and the interfering cells are not attenuated.  We observe that 6 sectors and PARC have similar data rates (with PARC slightly under performing 6 sectors) until around the 80% point, where we expect that geometries begin to support multistream operation and PARC data rates begin to exceed 6 sectors.  The D-TxAA and 3 sector single antenna curves both outperform PARC and 6 sector, and are similarly close (with D-TxAA consistently outperforming single antenna).   D-TxAA also begins to pull away at the 80% point.  At the 80% CDF point, we find that D-TxAA, PARC, and 3 sector single antenna have about the same data rate. At 90%, we see on the order of 15% or so gain for both schemes over 3 sector single antenna.
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Figure 3. User Throughput, 0 dB Isolation, Proportional Fair

[image: image4.wmf]
Figure 4. User Throughput, 6 dB Isolation, Proportional Fair

Figure 4 shows the same results, except that all interfering cells are attenuated by 6 dB.  As we saw in Figure 2, the better SINRs improve MIMO performance.  At 80% and 90% CDF points, we find both MIMO schemes have on the order of 30% and 70% user data rate improvements over the single antenna schemes. 

Figures 5 and 6 below above show the results for round robin scheduling.  They show the same trends as the proportional fair results with respect to relative performance, impact of cell isolation, etc,  and are  mostly provided as references cases to demonstrate proportional fair scheduling gains.
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Figure 5. User Throughput, 0 dB Isolation, Round Robin
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Figure 6. User Throughput, 6 dB Isolation, Round Robin

3. ReferenceS

Appendix: simulation assumptions

	Parameters
	Value
	Remarks

	Number of Sectors
	3 or 6
	

	Number of Tx, Rx Antennas
	2,2
	

	Node B, UE Antenna Separation
	4, 0.5 Wavelengths
	

	HS-PDSCH Power
	75%
	

	Overhead Channel Power per Antenna
	12.5%
	25% total out of both antennas; includes pilot power

	Pilot Power per Antenna
	5%
	10% total out of both antennas

	Channel Model
	SCM Urban Microcell
	NLOS only

	Propagation Law
	Loss=34.5+38d, d in meters
	Per SCM

	Site-Site Spacing
	1km
	Per SCM

	Building Penetration
	10 dB
	Models indoor users

	UE Speed
	3 km/h
	

	HS-PDSCH Codes
	15
	

	HARQ 
	Ideal
	Throughput calculated using 

1-BLER

	CQI 
	Ideal
	0 delay, perfect link adaptation

	Max MCS State
	¾ 16 QAM
	

	Waterfilling
	Used for D-TxAA

Not used for PARC
	Adjusts stream power to maximize capacity

	D-TxAA Code Book
	Mode 1 (2 bits)
	

	Pulse Shaping
	Sqrt. Raised Cosine, alpha=0.22
	

	Sampling Rate
	7.68 Msamp/s
	2 samples/chip

	Receiver Type
	Linear Space-Time MMSE
	

	Channel Estimation
	On
	Derived from 3 slots

	Neighbor Cells & Interference
	Overhead transmitted on multiple antennas for MIMO, 1 antenna for 1 antenna case; 8 cells explicitly modeled (per SCM)
	

	Node B Tx Power
	38 dBm
	

	Serving Cell Selection 
	0 dB Hysteresis

Servers fixed per UE drop
	Assumes low mobility



	Schedulers
	Round Robin or “Proportional Fair’ (Equal Time Scheduling with multiuser diversity)
	10 Users Scheduled

	Traffic Model
	Full Buffer
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