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1. Summary
A previous contribution R1-061127 from Intel at the Shanghai meeting illustrated performance differences between single codeword (SCW) and multiple codeword (MCW) for non-precoded MIMO systems.  Precoded performance for SCW and MCW was shown to be virtually the same.  That contribution assumed baseline receiver architectures of MMSE for SCW and SIC for MCW respectively.  In subsequent email discussions on the reflector, that contribution was referenced in claims that MCW provides better performance than SCW in the non-precoded case.  In this contribution, we show that this fact results from the simple MMSE receiver used in generating the earlier SCW results.  Using a more sophisticated reduced-complexity MLD receiver, we show here that SCW-MLD provides essentially identical non-precoded performance to MCW-SIC.  In a separate contribution to this meeting (R1-061965), we also show that a practically realizable MLD receiver can be fabricated with lower overall silicon die area than a comparable SIC receiver used with MCW.  Considering also the reduced feedback overhead of SCW, Intel supports the use of SCW for SU-MIMO.
2. System Model
The SCW system uses a common code rate and constellation size on each of the spatial streams with no rank adaptation.  Both MMSE and MLD receiver architectures are used.  The MCW system uses a separate code rate and constellation size independently adapted on each of the spatial streams, but no layer permutation.  The MCW system uses an SIC receiver with ordering and only a single iteration.  Other link-level simulation parameters are listed in the Appendix.  
3. Performance Results 
We see from Figures [1] and [2] below that for non-precoded systems, MCW-SIC out-performs SCW-MMSE because there is significant inter-stream crosstalk which the SIC receiver can cancel.   However, when a more advanced non-linear MLD receiver is used, the difference in performance between MCW and SCW systems vanishes.  As shown, SCW-MLD provides equivalent performance to the MCW-SIC system.  This is because the MLD receiver jointly estimates the soft bit metrics and thus its performance is not degraded by inter-stream crosstalk.  As shown in a previous contribution [1], with precoding there is also negligible difference between MCW and SCW systems, even when a simple MMSE receiver is used with SCW.
Figure [1] depicts performance for a coded block size corresponding to one resource block.  Figure [2] depicts the same scenarios except with a coded block size of three resource blocks.  We see that for the smaller coded block size, the SCW system performs slightly better than the MCW system.  This is because with such small block sizes the fact that the SCW allows a coded block size twice as large as MCW allows for some additional coding gain.
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Figure 1. Throughput comparison for 2 by 2 downlink channel with 2 data streams.  The coded block size fits into one resource block.   
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Figure 2. Throughput comparison for 2 by 2 downlink channel with 2 data streams.   The coded block size fits into three resource blocks.   
4. Conclusion
Due to the fact that MCW-SIC requires more CQI overhead and more complex link adaptation and HARQ processing without advantage in performance or silicon die area relative to SCW-MLD, Intel supports SCW as the best alternative for SU-MIMO.
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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(3/4 (7 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 tones, 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. 

	Target PER
	1%


Table A.2 – Channel model assumptions
	Parameter
	Assumption

	Carrier Frequency / Bandwidth
	2 GHz

	Channel model
	Typical Urban (TU) with 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

	CQI delay 
	10 TTI (3km/hr)
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