3GPP TSG RAN WG1 #46                                                             
      R1-061990
Tallinn, Estonia, August 28-Sept 1, 2006
Source: 
   Intel Corporation
Title:
Comparison between SCW and MCW with and without precoding
Agenda Item:

8.5
Document for:
Discussion and Decision
1. Summary
In a previous contribution [1], we evaluated the link throughput performance of single (SCW) and multiple codeword (MCW) systems with and without a unitary pre-coding technique that uses Householder reflections and vector quantization, which is further described in [3-7].   In this previous contribution, we showed that the performance of a 4x2 pre-coded-SCW-MMSE system is very close to that of a precoded-MCW-SIC system.  In particular, the performance of an SCW system is a little better than that of MCW with small block sizes and almost identical to MCW at high block sizes.
In this contribution, we include additional antenna configurations (such as 4x4 and 2x2) to show similar comparisons.  We find that, just as in the 4x2 case, a pre-coded-SCW-MMSE system performs nearly the same as a pre-coded-MCW-SIC system for these symmetric configurations as well.  Also, as expected, an open-loop system performs much worse than a pre-coded system.  This is because at low SNR, the pre-coded system can take better advantage of the extra Tx antennas to obtain beam-forming gain, and at high SNR, the pre-coded system can significantly reduce cross-talk.
In another contribution [2], we focus on the performance comparisons of non-precoded-SCW-MLD and non-precoded-MCW-SIC for MIMO systems without precoding.  This contribution will show that with an MLD receiver, the performance of SCW and MCW are also very close.  
2. Application Scenario and System Model
In Figures 1-4, we depict examples architectures for MCW and SCW systems with precoding.  The SCW system uses an MMSE receiver and a common code rate on the spatial streams.  The MCW system uses an SIC receiver with different code rates on the spatial streams.  Both systems use rank and bit allocation.   Precoding is performed using the technique described in [3-7].   Other link-level simulation parameters are listed in the Appendix.  
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Figure . Example transmit architecture for MIMO with precoding and adaptive bit loading
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Figure 2. Example receive architecture for SCW MIMO with precoding and adaptive bit loading 
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Figure 3. Example transmit architecture for MCW MIMO with precoding
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Figure 4. Example receive architecture for MCW MIMO with precoding (modified from [1])
3. Performance Results 
There are a few differences in this contribution as compared to the previous [1]. First, the rank, i.e. the number of layers, of systems is fixed and the number of MCS options for the second and upper layers is limited to eight in [1]. In this work, the rank adaptation is added to be realistic and the number of MCS options is twenty four for all layers. In addition, there is no permutation across spatial channels for MCW. Namely, each codeword is sent by one spatial channel for MCW. Allowing full MCS selection and disabling the spatial permutation maximize the performance of MCW systems, which serves as upper bounds for MCW systems. The optimization of CQI feedback overhead is deferred to future study. 

We see from Figure 5 below that for precoded systems with a resource block of 75 subcarriers by 1 subframes, precoded-MCW-SIC systems have about 0.4 dB gain over a pre-coded-SCW-MMSE system at high SNR.  This is a result of frequency-selective fading producing cross-talk, which the SIC receiver can cancel slightly better.  We also find that 4x2 systems give a beam-forming gain of about 3 dB over 2x2 systems at high SNR as expected.  

Figure 6 and 7 depict the performance of a precoded over a non-precoded system, where Figure 6 and Figure 7 are SCW and MCW systems respectively. We see that for low SNR, the precoded system outperforms the non-precoded system,, even for symmetric configurations. The precoded system gives 2-3 dB better performance than the non-precoded system at low SNR due to transmit beamforming. At high SNR, the difference in performance between non-precoded and pre-coded systems remains for SCW because the MMSE receiver cannot mitigate the spatial interference effectively.   However, we need to point out that this is only for symmetric configurations; for an asymmetric configuration, there is clear advantage for precoded systems in terms of beamforming gain as shown in [5]. In contrast, the gain of precoded over non-precoded systems reduces for MCW-SIC at high SNR due to the efficiency of SIC. Finally, the quantization loss of the unitary codebooks is within a dB to the perfect precoding feedback. 
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Figure 5. Throughput comparison between pre-coded SCW and pre-coded MCW.   
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Figure 6. Throughput comparison between pre-coded and non-precoded systems using single codeword.   
[image: image7.emf]-2 0 2 4 6 8 10 12 14 16

0

2

4

6

8

10

12

14

SNR per QAM symbol(dB)

Throughput (bits/subcarrier)

 

 

2x2, quantized feedback

2x2, ideal feedback

4x2, quantized feedback

4x2, ideal feedback

4x4, quantized feedback

4x4, ideal feedback

2x2, open loop

4x4, open loop


Figure 7. Throughput comparison between pre-coded and non-precoded systems using multiple codeword.
4. Conclusions

We find that for several antenna configurations, the performance of precoded-SCW-MMSE and precoded-MCW-SIC are very close, even when SCW has a very simple MMSE receiver.  We also find that there is significant performance gain when using pre-coding over a system without pre-coding.  In addition the codebook quantization method we have designed is very close to ideal SVD, where the full unitary matrix V is sent back instead of the codebook indices.  From these conclusions, we would like to recommend both pre-coding and SCW for LTE MIMO systems.  
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6. Appendix
Tables A.1 and A.2 show some of the key link-level and channel modelling assumptions.  

Table A.1– OFDMA simulation parameters
	Issues
	Details

	DL Modulation
	QPSK, 16-QAM, 64-QAM

	Coding for data channel and Mother code rate
	Turbo, 1/3(7/8 (8 code rates)

	Non-ideal receiver functions
	Ideal channel estimation 

	Subframe duration
	0.5ms

	Transmission BW
	10MHz

	Usable subcarriers
	600

	CP Length 
	Short

	Number of OFDM symbols per subframe
	5 (data) + 2 (pilot) 

	RB size
	25 subcarriers, 1 sub-frame

	Block size
	FEC block fills up one or three RB blocks.

	HARQ
	Bit level Chase combining. The maximum retransmission number is 3.  Transmission is synchronous transmission with a period of 6 subframes. 

	Link/rank adaptation
	Maximize link throughput by selecting MCS combination and rank number. 

	CQI feedback
	5 bits per data stream or layer


Table A.2 – Channel model assumptions
	Parameter
	Assumption

	Carrier Frequency / Bandwidth
	2 GHz

	Channel model
	Typical Urban (TU) with 6 taps and spatial extension

	Spatial channel model
	Tx/Rx correlation matrices

	Tx correlation 
	0.25 according to the latest SCME model

	Rx correlation
	0

	UE speed
	3km/h

	Target PER
	1%

	Beamform Feedback delay (between channel estimation and beam-forming application)
	10 TTI = 5 ms

	CQI delay 
	10 TTI (3km/hr)

	Feedback period
	5 ms (3 km/hr)
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