3GPP TSG RAN WG1 #44                                            
R1-060430
Denver, 13 – 17 February, 2006
Source: 

Texas Instruments
Title:

System Level Evaluation of Scheduling and Decoding Strategies for  MIMO E-UTRA Systems
Agenda Item:

13.1.2
Document for:
Discussion
1. Introduction
In this contribution we discuss the results of system level simulation for MIMO deployments in the downlink of E-UTRA. We compare the performance of different scheduling strategies and decoding algorithms.

In Section 2, we briefly review the system simulator assumptions. Section 3 discusses the impact of using the same modulation scheme across chunks for a given user on a given antenna. Section 4 presents the throughput gain of MIMO deployments for LMMSE and successive interference cancellation decoders. 
2. System Level Simulation Assumptions
The simulation parameters are largely in accordance with the evaluation criteria listed in [1]. Some important parameters are listed in Table 1. The spatial channel model [2] was used in evaluation. 
	PARAMETER
	VALUES

	Number of sectors per cell
	3 sectors, with either one or two 120-degree antennas per sector

	Number of UEs per cell
	30. 10 Ues per sector are dropped in 9 neighboring sectors. Handover is simulated as follows: Based on path loss, antenna directivity and shadowing, the users “nearest” to the current BS are identified. Only these are assumed to be connected to the current BS in the current drop.

	Number of UE antennas
	2

	UE Speed
	3 kmph

	Traffic Model
	Full-buffer

	Channel scenario
	1. Urban Macro [2]

2. Urban Micro [2]

	System Bandwidth
	5 MHz

	OFDMA FFT Length
	512

	Chunk Bandwidth
	375 kHz (12 chunks in band)

	Modulation Schemes
	QPSK, Rate ¼

QPSK, Rate ½

QPSK, Rate ¾

16-QAM, Rate ¼

16-QAM, Rate ½

16-QAM, Rate ¾

64-QAM, Rate 5/8

64-QAM, Rate 3/4



	TTI duration
	0.5 ms (7 OFDM symbols)

	Channel estimation
	Error free

	CQI feedback delay
	2 TTIs

	CQI Quantization
	5 bits. Error-free CQI feedback assumed

	Scheduling
	Localized

	Scheduling Criterion
	Proportional Fair

	HARQ Feedback Delay
	8 TTIs. Error-free ACK/NACK assumed

	Max Number of HARQ Retransmisssion
	3


TABLE 1: List of simulation parameters
In this contribution, different scheduling and decoding algorithms are compared, as listed below.
· Fixing The MCS for a given user on a given antenna (Section 3): It has recently been proposed [1] that the modulation scheme be fixed across all chunks for a given user on a given antenna.  This is implemented as follows: first for deciding which user is transmitted on each antenna and chunk, the MCS for different chunks are allowed to be independent. Once the choice of users is complete, the CQI across bands is computed and used to determine the common MCS that can be supported.
Single-user simulations in [1] seem to have indicated little throughput loss due to this restriction of fixing MCS across chunks. However, our full system simulations indicate greater throughput loss, as described in Section 4.
· MIMO Scheduler: The MIMO scheduling strategies considered are:
· Single-User Per-Antenna Rate Control (SU-PARC): Each chunk has exactly one user. The choice of the user for each chunk is done independently. In a chunk, the MCS scheme on each antenna can be chosen independently.  Antenna selection, whereby only one antenna is kept on and the other is switched off, is also permitted.
· Multi-User Per-Antenna Rate Control (MU-PARC): For each chunk, the user to be scheduled on each antenna is chosen independently of the others [3]. Thus, each chunk can have as many users as there are transmit antennas. Again, users are chosen independently across chunks. Again, antenna selection is permitted.
· MIMO Decoding Algorithm (Section 4): In this contribution, the linear-MMSE decoder and the successive interference calculation (SIC) decoder are considered. 
3. Effect of Fixing Modulation Scheme across Chunks

Table 3 lists the loss of throughput when the modulation scheme is fixed across chunks for the same (user, antenna) pair. LMMSE decoding and localized scheduling are assumed. 
	SCM Scenario
	Antenna Configuration
	Average Throughput (Mbps) with Variable MCS across chunks
	Average Throughput (Mbps) with Fixed MCS across chunks
	% loss with fixed MCS across chunks

	Urban Macro
	1 X 2
	32.0
	29.7
	7.3%

	
	2 X 2, SU-PARC
	36.9
	33.1
	10.2%

	Urban Micro
	1 X 2
	36.2
	33.8
	6.5%

	
	2 X 2, SU-PARC
	43.2
	39.4
	8.8%


TABLE 2: Average cell throughput for Localized and Distributed Scheduling 
We note that fixing the MCS scheme across chunks could lead to nearly 9% throughput loss in MIMO deployments. It needs to be seen if this throughput loss is compensated for by reduction in signalling and control information. We propose that a decision be made only after further investigations.

4. MIMO Gains For Different Decoding and Scheduling Algorithms
In this section, we list the throughput gains of MIMO deployments. LMMSE and SIC decoders are considered. Also, single-user and multi-user PARC are compared. For convenience, only localized scheduling and the use of independent MCS schemes across chunks is considered. Similar results hold even when these assumptions are relaxed.
	Decoder Type
	SCM Scenario
	Average Thruput (Mbps) with 1 X 2 LMMSE
	2 X 2, Single User PARC
	2 X 2, Multi User PARC

	
	
	
	Thruput (Mbps)
	% gain over 1X2
	Thruput (Mbps)
	% gain over 1X2

	LMMSE Decoder
	Urban Macro
	32.0
	36.9
	15.2%
	37.8
	17.8%

	
	Urban Micro
	36.2
	43.2
	19.4%
	46.6
	28.9%

	SIC Decoder
	Urban Macro
	31.5
	37.7
	37.7%
	49.1
	56%

	
	Urban Micro
	36.2
	50.8
	40.3%
	57.8
	59.7%


TABLE 3: Average cell throughput for Localized and Distributed Scheduling 

From Table 3, we conclude that
· LMMSE Decoder: With SU-PARC, 2 X 2 deployments give 15-20% more throughput than 1 X 2 deployments. With MU-PARC we expect around 20-30% gains over 1 X 2.

· SIC Decoder: Even with SU-PARC, around 40% gains are obtained. With MU-PARC the MIMO gain is nearly 60%. Admittedly, one problem with the SIC decoder is that data for other “users” need to be decoded and cancelled off. However, other simpler strategies (like cancellation without the FEC decoding based on hard decisions alone) might still yield significant improvements and need to be investigated.

· In either case, we conclude that 2 X 2 deployments do result in significant thruput gain, and MU-PARC does offer significant gain of SU-PARC.
5. Conclusions

We presented simulation results for the downlink in EUTRA for MIMO OFDMA deployments. We concluded that

1. Fixing the modulation scheme across chunks does lead to throughput loss and must be studied carefully before being standardized.

2. MIMO deployments with SU-PARC give 15-40% gain over single transmit antenna deployments. With MU-PARC, the gains range from 20-60%.
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