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1. Introduction

We compared  the performance difference between single codeword (SCW) and multiple codeword (MCW) for unicast from a single UE perspective. This is in line with way forward discussed in Shanghai meeting [2] and e-mail discussion. We also discussed signalling aspects..
2. Simulation assumptions
Following assumptions are used.

- UE receiver algorithm:


SCW:
MMSE and precoding with rank adaptation

MCW:
Successive interference canceller (SIC) with post decoding
- Transmit antennas correlation: 0.5

- Receive antennas correlation: 0.0
- 2x2 case and 4x4 cases are evaluated.

- Modulation and coding rate are allocated according to estimated SINR using MMSE weight.
- The target PER is 20% for first transmission. The power and MCS are also same in the retransmissions. 
- Two continuous RBs are allocated to one UE.
-  Incremental redundancy with non-adaptive, non-synchronous control is used.
Other simulation assumptions are shown in Table 1.
Table 1. Simulation assumptions

	Transmission BW
	10MHz

	Sub-frame duration 
	0.5 ms

	Sub-carrier spacing
	15kHz

	Sampling frequency 
	15.36 MHz

	FFT size
	1024

	Number of occupied sub-carriers
	601 (DC sub-carrier is null)

	Number of OFDM symbols per sub frame
	7

	Bandwidth of RB
	375 kHz

	Channel coding
	Turbo code, R=1/3

	Modulation and coding rate
	[QPSK, R=1/8] 
[QPSK, R=1/4] 
[QPSK, R=1/3] 
[QPSK, R=1/2]
[16QAM, R=1/2] 
[16QAM, R=2/3] 
[64QAM, R=2/3] 
[64QAM, R=3/4]

	Channel environments
	Typical Urban (3km/h), using Kronecker model for spatial extension

	Antenna correlation 
	Transmit antenna: 0.5
Receive antenna: 0.0

	Channel estimation
	Ideal

	Adaptive control for transmitter antenna
	SCW: [none], [precoding and rank adaptation]
MCW: [none]

	Pilot/signalling overhead

	SCW: 18%

SCW with precoding and rank adaptation: 18.3%

MCW: 20.3% for 2x2, 25% for 4x4

	MIMO detection method
	SCW: [MMSE]

MCW: [MMSE], [MMSE with SIC]

	FEC Decoder algorithm
	Max-Log-MAP with 8 iterations

	CQI reporting delay
	2 sub frames without feedback error

	HARQ
	Non-blanking based IR with maximum 4 transmission 

(non-adaptive, synchronous in time and freq. domain: use same RBs with a period of 6 subframes)


Details on CQI estimation method is described below.
At first, CQI for each j-th layer is calculated according to following equation.
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where 
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 is column channel vector corresponding to j-th transmit antenna and 
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W

 is MMSE column weight vector for the j-th layer, respectively.
Then, depending on UE receiver algorithm, following is applied.
MCW:  

above calculated CQI value is reported as the CQI of the j-th codeword.
SCW: 

the averaged CQI value among all layers is reported.
MCW with SIC: 
In order to take into account cancelling effect, V-BLAST type weight for j-th codeword is used after channel matrix is ordered (ascending order) by Euclidean norm.
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 is the ordered channel matrix.
Rank adaptation is not applied.
SCW with precoding: 
The precoding matrix is from [6] as follows.
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Rank adaptation is applied. In case of 2x2 configuration, SINR for 2 layers (CQI-a) and SINR for each precoding vector with 1 layer only (CQI-b1, CQI-b2) are calculated. Then the receiver select a rank and CQI among those values (CQI-a, CQI-b1 and CQI-b2).
3. Simulation results and discussion
3.1. Spectrum Efficiency
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Figure 1. Simulation results at 2x2
Figure 1 shows the result of 2x2. In MMSE receiver, MCW and SCW have almost similar efficiency. MCW with SIC have around 2dB performance gain, while SCW with precoding and rank adaptation have around 1dB gain to compare MMSE receiver.
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Figure 2. Simulation results at 4x4
Figure 2 shows the result of 4x4. In MMSE receiver, SCW shows better performance by around 1dB compared to MCW. We think this gain comes from increased downlink signalling overhead for 4 codeword MCW. On the other hand MCW with SIC is around 1-3dB better than SCW with MMSE receiver.

3.2. Signalling aspect
a) Feedback information

MCW requires CQI for each codeword. On the other hand, CQI for SCW is almost same as non-MIMO while precoding and rank adaptation require additional feedbacks such as matrix ID and rank ID, respectively. Moreover MCW requires ACK/NACK per codeword.
In the simulation of the comparison between MCW and SCW for 2x2 case in previous section, we assumed feedback signaling for MCW (3bits for MCS per codeword per 2RBs) is twice as SCW (3bits for MCS per 2RBs), while SCW with precoding and rank adaptation is 67% increase (3bits for MCS, 1 bit matrix ID and 1 bit rank ID per 2RBs) from simple SCW.
SINR variation in frequency domain is large among RBs because Typical Urban channel has a severe frequency selectivity with around 150 kHz separation for 50% correlation. On the other hand selectivity in time domain is not so severe. More than 90% correlation could be maintained during 18 msec in 3 km/h velocity (5.5Hz). Therefore we can reduce feedback amount for MCW in time domain. In order to see the effect of reduced CQI signalling, we evaluated the spectrum efficiency. Figure 3 shows comparison of the spectrum efficiency for MCW with different CQI feedback schemes. TDMCQI means reduced CQI feedback in time domain. CQI for each codeword is reported respectively in each subframe via TDM manner. Therefore feedback amount is same as SCW. TDMCQI results show almost similar performance.
Four codeword case requires 4 times feedback amount than SCW. The restriction of the maximum number of codeword (e.g. 2) should be considered..
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Figure 3. Simulation results at 2x2 with different CQI feedback schemes
b) Downlink signalling

Category 2/3 information for transport format, HARQ are required per codeword for MCW. The degradation of the performance in MCW of 4 codewords would come from signalling overhead. This would imply that some restriction of the maximum number of codeword like two would be useful approach.

SCW requires almost same as non-MIMO while precoding and rank adaptation require additional feedbacks such as matrix ID and rank ID, respectively.
c) Commonality with MU-MIMO

For MCW CQI measurement could be reused for MU-MIMO because the CQI per codeword consider the interference from other layers, even though CQI reporting would be treated as single codeword per UE.
4. Conclusion
The simulation results show MCW is better than SCW. Moreover both feedback and downlink signalling for MCW can be reduced. Therefore, we propose to adopt "Alt2: Multiple codewords up to 2 with 2 tx antennas and 2 or 4 with 4 tx antennas". We would like to further discuss the number of codewords in 4 tx antennas.
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� Signaling overhead was estimated according to Table 7.1.1.2.3.1-1 of TR25.814


  cat1 = resource assignment(24) + CRC masked by UE-ID(16) = 40 bits


  cat2 = antennaID(1) + modulation (2) + Payload (6) = 9 bits


  cat3 = process#(3) + RV(2) + new data indicator(1) = 6 bits


  assuming signaling overhead for SCW = 8.5%, then additional overhead for 2CW case was calculated as 


8.5 * (9+6)/(40+9+6) = 2.3%
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