3GPP RAN1#44bis
                                            R1-061033
Athens, Greece, March 27—31, 2006
Source: 

Mitsubishi Electric

Title:


On Uplink Reference Signal for MIMO
Agenda Item:

10.2.1
Document for:
Discussion 
__________________________________________________________________________

1. Introduction
Multiple antenna techniques (e.g., 2 transmit antennas at the UE) have been proposed for the E-UTRA uplink. The use of multiple antennas requires changes to the uplink reference signal to enable the Node B to estimate the channels from the UE’s multiple antennas.  The reference signal overhead increases as the number of UE transmit antennas increases. This reduces the number of UEs that can transmit on the uplink simultaneously. 
Antenna selection has been proposed in the uplink as a way to reduce the hardware complexity of UEs. 
This contribution discusses ways that reduce the uplink reference signal overhead when antenna selection is used.  
2. Reducing the Reference Signal Overhead Using UL Antenna Selection 

In uplink antenna selection with two antennas and one transmit RF chain, one antenna can transmit at any time. The channel estimation accuracy needed for selecting the best antennas is lower than the channel estimation accuracy needed for decoding the received data signal. Therefore, a higher reference signal density (smaller repetition factor (RPF)) can be used for the ‘data’ reference signal while a smaller reference signal density (larger RPF) can be used for the ‘selection’ reference signal. 
Figure 1 shows the reference signal overhead with transmit antennas. The reference signals for antennas 1 and 2 are transmitted in the short blocks SB1 and SB2. Transmitting the reference signals for the two transmit antennas in separate SBs has the advantage of allowing for the use of only transmit RF chain. 

Figure 2 shows how the reference signal overhead can be reduced by exploiting the properties of uplink antenna selection. The reference signals for antennas 1 and 2 are transmitted in the short blocks SB1 and SB2. In the first TTI, say, antenna 1 (Tx1) is used to transmit the data in the long blocks (LB) of the TTI. Higher density (smaller RPF) reference signals are therefore used for Tx1 in SB1. The receiver utilizes the reference signal in SB1, which corresponds to Tx1, to estimate the channel state and decode the signal in the TTI. The best antenna is selected from the available two antennas using the reference signals transmitted in SB1 in SB2. In subsequent TTIs, the data is transmitted in the long blocks using the selected antenna, which is denoted as Tx[1]. The higher density reference signal corresponding to Tx [1] is transmitted in SB1 to enable channel estimation for decoding received data signal. The short block SB2 is used to transmit lightly loaded (larger RPF) reference signals of antenna Tx [2], the unselected antenna, to enable antenna selection to be performed in subsequent TTIs.  This pattern is repeated as long as the UE gets scheduled for uplink transmission.
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Figure 1: Reference Signal Overhead When Multiple Transmit Antennas are Used on the Uplink
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Figure 2: Reference Signal Overhead Reduction When Transmit Antenna Selection is Used on the Uplink (Variation 1)
Figure 3 shows how the reference signal overhead can be reduced even further. In the first TTI, data is transmitted from antenna Tx1. Higher density reference signals (smaller RPF) of Tx1 are transmitted in SB1, and lower density reference signals (larger RPF) signals are transmitted in SB2 by Tx2. In subsequent TTIs, data is transmitted from the selected antenna Tx[1], and the higher density data reference signal is transmitted in SB1 by Tx[1]. The lightly loaded reference signal is transmitted by Tx[2] in SB2. This pattern is repeated.

Compared with the previous variation, this scheme reduces reference signal overhead at the expense of less accurate antenna selection. 


[image: image3]
Figure 3: Further Reducing Reference Signal Overhead When Transmit Antenna Selection is Used on the Uplink (Variation 2)
3. Preliminary Simulation Results
The simulation parameters used in the link simulation are summarized in Table 1. The performance of the reference signal designs shown in Figure 1, Figure 2, and Figure 3 is studied. 
Table 1: Simulation parameters
	Parameter
	Assumption
 

	Carrier frequency
	2.0 GHz

	Total system bandwidth (MHz)
	10

	Sub-frame duration (ms)
	0.5

	Long block size 
(μs/#of occupied subcarriers/samples)
	66.67/600/1024

	Short block size

(μs/#of occupied subcarriers/samples)
	33.33/300/512

	CP duration 
(μs/samples x 1)
	(4.1/63) x 7

(4.62/71) x 1

	Number of subcarriers used per UE 
in long block (Resource block size)
	32

	Number of transmit antennas
	2

	Number of receive antennas
	2

	MCS
	QPSK with r = 1/2 and 5/8

16QAM with r =  1/2

	UE speeds 
	3 kmph, 30 kmph

	Pilot sequence
	Random

	Channel model
	Typical Urban (TU) 
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Figure 4: Performance of single transmit antenna selection on the uplink with reduced uplink reference signal overhead at 30 kmph (QPSK, rate 1/2 code)
The throughputs are shown for three different MCSs in Figure 4, Figure 5, and Figure 6 when two transmit antennas and two receive antennas are available on the uplink. The UE speed is taken to be 30 kmph. The degradation in performance for lower UE speeds, such as 3 kmph, is considerably lesser.  Channel estimation is done using frequency domain interpolation. Note that the results presented for Variation 2, in which the reference signal transmitted in SB2 always has a larger RPF, are pessimistic as only one resource block is assigned to a UE for the purposes of estimation. When more resource blocks are assigned, utilizing time-domain-based estimation can improve its performance further. 
4. Conclusion

We considered transmit antenna selection techniques that utilize the additional spatial diversity available by having multiple antennas at the UE. Using transmit antenna selection reduces the transmit RF chains required at the transmitter while still retaining the diversity benefits of using multiple antennas. We showed how the uplink reference signal overhead can be lower when antenna selection is used.  
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Figure 5: Performance of single transmit antenna selection on the uplink with reduced uplink reference signal overhead at 30 kmph (QPSK, rate 5/8 code)
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Figure 6: Performance of single transmit antenna selection on the uplink with reduced uplink reference signal overhead at 30 kmph (16QAM, rate 1/2 code)
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