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1.
Introduction
In the e-mail discussion on MIMO schemes for the E-UTRA after the RAN1 Ad Hoc meeting in June 2006, selection of an appropriate reference signal structure for MIMO multiplexing was requested [1]. There are mainly two alternatives regarding the reference signal structure for MIMO transmission. The first scheme involves multiplexing only common reference signals which are not pre-coded. The other one involves multiplexing user-specific pre-coded dedicated reference signals in addition to the common reference signals, and channel estimation is performed employing dedicated reference signals. In this contribution, we investigate the reference signal structure for 2 x 2 MIMO transmission in the E-UTRA downlink from the viewpoint of the achievable throughput taking into account the overhead such as reference signals and L1/L2 control signals (pre-coding vector information bits).

2.
Reference Signal Structure for MIMO Transmission
There are mainly two alternatives regarding the reference signal structure for MIMO transmission.

· Alternative 1: Only non pre-coded common reference signals are multiplexed.

· Alternative 2: Pre-coded dedicated reference signals in addition to common reference signals are multiplexed. The pre-coding vectors for dedicated reference signals are the same as those for the downlink shared data channel.
Figure 1(a) shows reference signal structure for MIMO transmission with two transmitter antennas when only common reference signals of each transmitter branch are multiplexed by frequency division multiplexing (FDM). Figure 1(b) shows an example of the reference signal structure when dedicated reference signals, which are pre-coded using user-specific pre-coding vectors in the same way as for the shared data channel, are multiplexed in addition to non-pre-coded common reference signals. From the viewpoint of overhead loss, more reference signals are required for the reference signal structure scheme in Fig. 1(b) compared to that in Fig. 1(a). However, in Fig. 1(b), since common reference signals are used only for the channel quality indicator (CQI) measurement and preferred pre-coding vector selection, the number of common reference signals in Fig 1(b) can be reduced compared to that in Fig. 1(a). Furthermore, multiplexing of the pre-coding vector (and/or matrix) information bits onto the L1/L2 control channel is required for the reference signal structure as shown in Fig. 1(a) in order to demodulate the pre-coded shared data channel because common reference signals are not pre-coded.
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(a) Multiplexing only common reference signals
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(b) Multiplexing dedicated reference signals in addition to common reference signals

Figure 1 – Reference signal structure for MIMO multiplexing
3.
Simulation Conditions

Table 1 lists the simulation parameters assumed in the evaluations. We assumed a 1-msec transmission time interval (TTI) and 12 sub-carriers within each resource block (RB). In the case of multiplexing only common reference signals, the common reference signals of each transmitter antenna were multiplexed into the 1, 5, 8, and 12-th OFDM symbols at the frequency interval of 6 sub-carriers as shown in Fig. 1(a). On the other hand, when the pre-coded dedicated reference signals in addition to non-pre-coded common reference signals were multiplexed, the dedicated reference signals of each stream were multiplexed into the 2, 6, 9, and 13-th OFDM symbols at the frequency interval of N sub-carriers as shown in Fig. 1(b) in the evaluation. Furthermore, we employed QPSK, 16QAM, and 64QAM data modulation and Turbo coding with the coding rate of R = 1/3, 2/5, 4/9, 1/2, 5/9, 3/5, 2/3, and 3/4, and adaptive modulation and channel coding (AMC) based on multiple codewords (MCW) was employed (Note that the same modulation and coding scheme (MCS) is assigned to all assigned RBs within a stream)[2]. MCS was independently selected for each stream according to the average received signal power-to-interference plus noise power ratio (SINR) after signal detection among all RBs [3]. We assumed a single-user environment, i.e., without frequency channel-dependent scheduling or multi-user MIMO. We employed codebook-based Unitary pre-coding with the number of pre-coding vectors, NP, as a parameter, since the overhead due to pre-coding vector (transmitter antenna-weights) information is increased according to the increase in the number of pre-coding vectors when common reference signal based channel estimation is used. The pre-coding vectors, ek (k = 1, 2, …, NP), used in the evaluation are as follows.
· NP = 4 (2-bit resolution) [4]
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· NP = 8 (3-bit resolution) [5]
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· NP = 16 (4-bit resolution) 
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We select the Unitary-based pre-coding vectors with the maximum total received signal power of two streams among the all pre-coding vectors. We assumed that the optimum pre-coding vector was selected every RB or every 2 RBs in the following evaluation. CQI, i.e., the SINR after signal detection, measurement and pre-coding vector selection were performed based on the common reference signals irrespective of reference signal structure. The control delay of the pre-coding vector selection as well as AMC is set to 3 TTI.
In the case of multiplexing only common reference signals, pre-coding vector information is needed in order to decode the shared data channel. We calculated the overhead loss due to pre-coding vector information bits by assuming QPSK modulation and coding rate of R = 1/6 for the L1/L2 control channel [6].
The channel models used in the contribution were the spatial channel model (SCM)-C (Urban Macrocell) and SCM-D (Urban Microcell) [7] assuming a space diversity branch configuration. The maximum Doppler frequency is set to 5.55 Hz.
At the user equipment (UE) receiver, we assumed ideal FFT timing detection; nevertheless, we performed real channel estimation by using common reference signals or dedicated reference signals employing two-dimensional minimum mean-squared error (MMSE) weights [8]. When common reference signals are used for channel estimation, the window size of the MMSE-based channel estimation is set to two RBs. Meanwhile, when dedicated reference signals are used for channel estimation, the window size is set to be equal to the unit size of the pre-coding vector selection (thus one RB or two RBs).
As for the signal detection method, a Linear Minimum Mean Squared Error (LMMSE) receiver with two receiver antennas was employed.
Table 1 – Simulation parameters
	System bandwidth
	10 MHz

	Number of sub-carriers
	600

	Sub-carrier spacing
	15 kHz

	Resource block bandwidth
	180 kHz (12 sub-carriers)

	Symbol duration
	Effective data
	66.67 sec

	
	Cyclic prefix
	4.75 sec

	Transmission Time Interval (TTI)
	1.0 msec (14 OFDM symbols)

	Data modulation
	QPSK, 16QAM, 64QAM

	Channel coding rate
	R = 1/3, 2/5, 4/9, 1/2, 5/9, 3/5, 2/3, 3/4

	Channel coding / decoding
	Turbo coding (K = 4) / Max-Log-MAP decoding

	Codeword scheme
	Multiple codewords (MCW)

	Pre-coding
	Codebook based-Unitary pre-coding 
(Number of pre-coding vectors = 4, 8, 16)

	Pre-coding update interval
	1 TTI (= 1 msec)

	Number of antennas (streams)
	2-by-2 MIMO (2 streams)

	Channel model
	SCM-C, SCM-D channel model

	Maximum Doppler frequency
	fD = 5.55 Hz (v = 3 km/h)

	OFDM symbol timing detection
	Ideal

	Channel estimation
	Two-dimensional MMSE channel estimation
using common reference or dedicated reference signals

	Signal detection
	LMMSE

	CQI measurement and 
pre-coding vector selection
	Common reference signal-based CQI measurement 
and pre-coding vector selection

	Control delay in AMC and pre-coding vector selection
	3 TTI (= 3 msec)

	Hybrid-ARQ
	None

	Rank adaptation
	None


4.
Simulation Results

Figure 2 shows the average packet error rate (PER) performance employing channel estimation using common reference signals and dedicated reference signals for 2-by-2 MIMO multiplexing as a function of received SINR of each stream. We assume QPSK, 16QAM, and 64QAM modulation with the channel coding rate of R = 1/2. When dedicated reference signals are used for channel estimation, the interval in the frequency domain of the dedicated reference symbols, N, is parameterized. The unit size of the pre-coding vector selection is set to one RB in this evaluation. For comparison, the performance assuming ideal channel estimation is also shown. Figure 2 shows that the loss in the required average received SINR for satisfying the average PER of 10-2 employing channel estimation using common reference signals is approximately 1 dB greater compared to that employing ideal channel estimation irrespective of the data modulation scheme. Figure 2 also shows that when channel estimation is performed using dedicated reference signals, a larger number of dedicated reference signals (such as N = 4) is required to achieve almost the same PER performance as that using common reference signals (corresponding to N = 6). This is because when channel estimation is performed using common reference signals, the accuracy of the channel estimation can be improved by extending the window size in the MMSE-based channel estimation filter by more than one RB (two RBs in the evaluation). When channel estimation is performed using dedicated reference signals, the window size is limited within the unit size of the pre-coding selection (one RB in Fig. 2).
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Figure 2 – Average PER performance as a function of received SINR of each stream
Figures 3(a) and 3(b) show the throughput performance for 2-by-2 MIMO multiplexing in the SCM-D and SCM-C channel models, respectively, when the number of pre-coding vectors, NP, is 4. In the calculation of throughput, the insertion loss due to common reference signals, dedicated reference signals, and L1/L2 control signaling symbols required for pre-coding vector information bits were considered (L1/L2 control channel overhead required for other control information such as resource assignment and MCS are omitted). The unit size of the pre-coding vector selection of one RB and two RBs are evaluated. It should be noted that channel estimation accuracy employing dedicated reference signals with N = 6 is almost the same as that using common reference signals with N = 6 when the unit size of pre-coding vector selection is two RBs.

Figure 3(a) shows that when the unit size of pre-coding vector selection is one RB, the achievable throughput employing channel estimation using dedicated reference signals with N = 6 is greater than that using dedicated reference signals with N = 12 due to the improvement in the channel estimation accuracy. However, further improvement is not observed when the N value is decreased from 6 to 4. This is because the overhead due to the dedicated reference signals is increased although the channel estimation accuracy is improved as shown in Fig. 2. 
Figure 3(a) also shows that the required average received signal energy per symbol-to-noise power spectrum density ratio (Es/N0) employing channel estimation using common reference signals is reduced by 1-2 dB compared to that using dedicated reference signals (N = 6) because the channel estimation accuracy was improved as shown in Fig. 2 and the overhead loss in the case of the common reference signals was decreased by 1.1% compared to that for the dedicated reference signal transmission in addition to the common reference signals.
When we assume that the unit size of the pre-coding vector selection is two RBs, the achievable throughput of multiplexing only common reference signals and that of multiplexing dedicated reference signals in addition to common reference signals are both increased due to the decreased L1/L2 control signaling overhead and improved channel estimation accuracy by using a wider window size, respectively. However, we can see that the achievable throughput with only common reference signals is still better than that with dedicated reference signals.

Figure 3(b) also shows that the improvement in the throughput using common reference signals compared to that using dedicated reference signals in the SCM-C channel model is almost identical to that in the SCM-D channel model. 
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(a) SCM-D channel model
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(b) SCM-C channel model

Figure 3 – Throughput performance (Number of pre-coding vectors NP = 4)

Figures 4 and 5 show the throughput performance for 2-by-2 MIMO multiplexing with NP = 8 and 16 in the SCM-D channel model, respectively. The other parameters are identical to those in Fig. 3(a). Figures 4 and 5 show that as the NP value is increased, the superiority in the throughput performance employing channel estimation using common references signals to that using dedicated reference signals is reduced due to the increasing overhead of pre-coding vector information bits. However, the achievable throughput employing channel estimation using common reference signals is greater than that using the dedicated reference signals even when NP = 16.
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Figure 4 – Throughput performance (Number of pre-coding vectors NP = 8)
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Figure 5 – Throughput performance (Number of pre-coding vectors NP = 16)
Figures 6(a) and 6(b) show the throughput at the average received Eb/N0 of 0, 10, and 20 dB as a function of the overhead ratio of the common reference signals in the channel estimation scheme using dedicated reference signals for the case with NP = 4 and 16, respectively. The M value is parameterized for the reference signal structure scheme of the dedicated reference signals in addition to the common reference signals. Figure 6 shows that the channel estimation scheme using the common reference signals achieves higher throughput compared to that using the dedicated reference signals irrespective of the overhead ratio of the common reference signals. 
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(a) Number of pre-coding vectors NP = 4
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(b) Number of pre-coding vectors NP = 16
Figure 6 – Throughput performance as a function of overhead of common reference signals

Finally, it should be noted that the relatively small unit size of the pre-coding vector selection assumed in this contribution is an advantageous condition for the use of dedicated reference signals in channel estimation. Figures 3, 4, and 5 imply that a unit bandwidth of the pre-coding vector selection of greater than two RBs will increase the throughput further. Therefore, when we assume a larger unit bandwidth for pre-coding vector selection to maximize the throughput considering the L1/L2 control channel overhead, the advantage using only common reference signals becomes more prominent.
5.
Conclusion

We investigated the reference signal structure for 2 x 2 MIMO multiplexing in the E-UTRA downlink from the viewpoint of the achievable throughput taking into account the overhead such as the reference signals and control signals (or pre-coding vector information bits). The simulation results showed that channel estimation based on common reference signals with L1/L2 control signaling of pre-coding vector information achieves higher throughput compared to that using dedicated reference signals when the number pre-coding vectors (or codebook size) is less than 16 (4-bit resolution) for 2 x 2 MIMO. 
References
[1] 3GPP, R1-062225, Samsung, “Summary of LTE MIMO e-mail discussion”
[2] 3GPP, R1-060987, NTT DoCoMo, Erricson, Fujitsu, Mitsubishi Electric, NEC, Panasonic, Sharp, Toshiba, “Link Adaptation Scheme for Single-antenna Transmission in E-UTRA Downlink”
[3] 3GPP, R1-050889, Samsung, “MIMO Long Term Evolution” 
[4] 3GPP, R1-0061441, Texas Instruments, “Feedback reduction for rank-1 pre-coding for E-UTRA downlink”
[5] 3GPP, R1-061001, Ericsson, “LTE Channel Models and link simulations”
[6] 3GPP, R1-060378, Motorola, “E-UTRA Downlink Control Channel Structure and TP”
[7] 3GPP, R1-010879, Lucent, “Increasing MIMO Throughput with Per-Antenna Rate Control.”
[8] O. Edfors, M. Sandell, J.-J. Beek, S. Kate, and P. O. Borjesson, “OFDM Channel estimation by singular value decomposition,” IEEE Trans. Commun. vol. 46, no.7, July 1998. 



























�
































































































































































































































- 9/9 -

_1221217130.unknown

_1221217302.unknown

_1221217027.unknown

