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1. Introduction
The agreed upon requirements for the downlink E-UTRA demand 3-4x increase in the user throughput and spectral efficiency relative to the Release 6 systems [1]. To achieve this spectral efficiency, it is necessary to use multiple antennas at the node-B and the UEs, so as to enable simultaneous transmission of multiple spatial streams. To harvest the gains of multiple antennas, it is necessary to design multi-input, multi-output (MIMO) techniques which exploit channel-dependent receiver feedback to tune the downlink transmission scheme. In particular, some low-geometry UEs might not be able to support multi-stream transmission. In this case, the UE should feed back the preferred transmission rank, defined as the number of multiplexed spatial streams. 

The highest flexibility is achieved when each UE feeds back its preferred rank for each resource block (RB). However, such complete rank feedback incurs heavy overhead in the downlink and uplink. Further, the optimum rank for each UE may not significantly vary over the transmission bandwidth. Consequently, to reduce downlink control and uplink feedback overhead, it is preferable to feed back one rank over a group of adjacent RBs. In the extreme case, one preferred rank value is fed back for the entire bandwidth. 
This contribution studies the effect of fixing the feedback rank across RBs on the downlink throughput. System level simulation results are presented to show that single rank feedback has less than 2% impact on the downlink throughput. In return, considerable reduction in the downlink and uplink overhead is obtained. Consequently, we recommend that each UE feed back a single rank selection for the MIMO E-UTRA. We term this approach the single rank feedback.
This contribution is organized as follows: Section 2 describes the feedback mechanisms under consideration. Section 3 presents simulation results. Section 4 lists the conclusions. 
2. Description of Rank Feedback Options
The following options for UE rank feedback are studied.
2.1. Complete Rank Feedback
For each RB, the UE calculates the expected throughput for each possible rank, and feeds back the best possible rank. Note that throughput calculation for a given rank might also involve finding the optimum pre-coding matrix for that rank. Thus, the UE feeds back the preferred rank, the preferred pre-coder matrix, and the channel quality indicator (CQI). 
While this method provides complete feedback information for every RB, it suffers from the following disadvantages.

· Feedback overhead scales with the number of RBs. 
· The number of CQIs per RB depends on the rank. If the UE is allowed to feed back a different rank for each RB, the number of CQIs and/or their value would vary from RB to RB. Consequently, frequency domain smoothness of CQI variation cannot be utilized for feedback rate reduction (see, e.g. [4]).
One way to address the above concerns is to fix the rank feedback for a group of adjacent RBs. Clearly, this reduces the required feedback. Further, it also ensures the smoothness of CQI variation over the block of fixed rank. An extreme case of this is when the rank is fixed across the entire transmission bandwidth, which is described below.

2.2. Single Rank Feedback
Here the UE feeds back a single preferred rank across the entire band. Note that this also fixes the number of CQIs and the pre-coding codebook across the band. Typically, the rank fed back is the one that maximizes the sum throughput across the band. Another variant is to maximize the sum throughput in only the M highest throughput RBs. In either case, the Node-B gets the preferred rank, pre-coder preference and the CQI for each RB. It then schedules one or more UEs on each resource block. 
Note that only the uplink feedback rank is fixed for each UE across the band. On the downlink, a UE might see different number of spatial streams in multi-user MIMO mode. One such scheduling method is described in [2].
Clearly, the single-rank option poses restrictions on the feedback, and hence on the scheduling flexibility in the downlink. However, we present simulation results in the next section to show that such a restriction does not significantly impact downlink throughput.
3. System Level Simulation Results
In this section, system level simulation results are presented for 2 and 4 Node-B antennas. For 2 antennas, per-antenna rate control (PARC) was used as the transmission scheme. For 4 node-B antennas, per-group rate control (PGRC) [2] was used, in accordance with the agreement to use a maximum of two codewords. Both linear MMSE and successive interference cancellation (SIC) are simulated. Other simulation assumptions are listed in Appendix 1. Table 1 lists the average sector throughput for complete and single-rank feedback. 

	Number of Node-B, UE Antennas
	Simulation Scenario
	MIMO Decoder
	Average Sector Throughput (Mbps)
	% loss in throughput for single-rank over complete rank

	
	
	
	Complete rank
	Single rank
	

	2
	URBAN MACRO
	LMMSE
	14.67
	14.12
	3.74%

	
	
	SIC
	15.05
	14.93
	0.81%

	
	URBAN MICRO
	LMMSE
	16.72
	16.67
	0.34%

	
	
	SIC
	17.73
	17.50
	1.30%

	4
	URBAN MACRO
	LMMSE
	23.40
	22.69
	3.03%

	
	
	SIC
	24.25
	24.01
	1.00%

	
	URBAN MICRO
	LMMSE
	27.09
	26.96
	0.48%

	
	
	SIC
	28.64
	28.22
	1.45%


TABLE 1: Average Downlink Sector Throughput For 5 MHz E-UTRA With Complete & Single-Rank Feedback
As seen from the table, fixing the feedback rank results in at most 3.7% reduction in sector throughput. More typically, the loss is around 1%.. Note that the above results do not incorporate the additional downlink overhead for the complete rank feedback. Also, the results above assume 5 MHz system bandwidth. We except that the throughput loss is smaller for system bandwidths <5 MHz and larger for system bandwidths >5 MHz. Further study may be needed for 10, 15, and 20 MHz scenarios.
4. Conclusions
In this contribution, the effect of fixing the uplink feedback rank on the downlink system throughput was studied. It was shown that the throughput loss due to such a restriction is only 1-4%. In return for this loss in downlink throughput, the uplink feedback overhead is reduced. Furthermore, fixing the rank across RBs for each UE leads to continuity in the CQIs reported across the band. Due to the significant benefits and low penalty of single-rank feedback, we recommend that only a single rank be fed back per UE over bandwidths of 5 MHz or less. For 10, 15, and 20 MHz system bandwidths, further study may be needed,
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Appendix I

Table A-1 gives the system level simulation assumptions.

	PARAMETER
	VALUES

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

	Number of UEs per cell
	15 UEs 

	UE Speed
	3 kmph

	Traffic Model
	Full-buffer

	Channel scenario
	1. SCM Urban Macro

2. SCM Urban Micro

	System Bandwidth
	5 MHz

	OFDMA FFT Length
	512

	 Resource Block Bandwidth
	180 kHz 

	Modulation Schemes
	QPSK r = 1/5, 1/4, 1/3, 2/5, ½, 3/5, 2/3, ¾ 

16QAM r = 2/5, 9/20, ½, 11/20, 3/5, 2/3, ¾, 4/5, 5/6 

64QAM r = 3/5, 5/8, 2/3, 17/24, ¾, 4/5, 5/6   

	TTI duration
	1.0 ms (14 OFDM symbols)

	CQI feedback delay
	4 TTIs

	Scheduling Criterion
	Proportional Fair

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

	Max Number of HARQ Retransmissions
	3

	Scheduling
	Single-user MIMO (one UE per RB). Same MCS used for one codeword across RBs

	MIMO Decoder
	LMMSE / SIC 


TABLE A-1: System Level Simulation Assumptions
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