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1. Introduction
In RAN1 #67 meeting, candidate transmission schemes for 4 branch DL MIMO were discussed and some initial working assumptions and definitions were agreed. A codeword was defined as a transmitted data block obtained by the concatenation of up to 2 TBs of equal size, and corresponding to a single MCS and CQI feedback. We discussed the options of 2 and 4 ACK/NACKs feedback and agreed on the simulation assumptions [1] for the evaluation of possible transmitter schemes. This contribution shows simulation results of some candidate transmission schemes for layer mapping for four branch DL MIMO. 

2. Schemes

The general transmission procedure of MIMO operation has been shown in Figure 1. At NodeB, the transport blocks (TBs) selected by MCS control are processed by TrCH processing and Layer mapping, and the output data are then spread/scrambled. There may be several data layers which will be pre-coded and summed at the antenna ports before transmission.[2]
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Figure 1 General procedure of MIMO operation
2.1 4TB-4CW-4Layer (Baseline)

Figure 2 shows the simulation baseline which allows up to 4 TBs, and each TB corresponds to one CW. Each CW is mapped onto one layer accordingly. In this scheme which is the extension of 2x2 DL MIMO, TB and ACK/NACK, CW and CQI feedback have one to one correspondence: 4ACK/NACK and 4CQI feedbacks are employed.
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Figure 2 Block diagram of 4TB-4CW-4Layer scheme
2.2 2TB-2CW-4Layer

According to the decision of the last meeting that no new TB sizes will be defined, we introduce a new scheme where , “TB a” and “TB b” which have the same block size are concatenated onto “TB 1”, and “TB c” and “TB d” with the same block size are concatenated onto “TB 2”. “TB 1” and “TB 2” correspond to “CW 1” and “CW 2” separately, and each CW is mapped onto two layers. Figure 3 shows the block diagram of the coding progress. This scheme needs 2 ACK/NACK and 2 CQI feedbacks. 
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Figure 3 Block diagram of 2TB-2CW-4Layer scheme
2.3 4TB-2CW-4Layer

As illustrated in Figure 4, “TB1” and “TB2” which have the same block size are concatenated into “Codeword 1”, and “TB 3” and “TB 4” with the same block size are concatenated onto “Codeword 2”. One CW will be mapped onto 2 layers. Each TB experiences coding chain separately.
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Figure 4 Block diagram of 4TB-2CW-4Layer scheme
The codeword can be constructed by concatenating the two original TBs or interleaving them. Note that if no interleaving is present and the transport block sizes are all the same, each TB is mapped to a corresponding layer. 

· 2 CQI and 2 ACK/NACK

This scheme employs 2 CQI and 2 ACK/NACK feedback. The TBs can be mapped directly to the codeword or we could use an interleaver that interleaves data from the two TBs into the codeword. 

3. Simulation results and discussion

This section evaluates the described schemes by link simulations. We aim at investigating the performance of the different schemes and understanding whether 4ACK/NACK feedback is needed. 
The simulation assumptions [1] approved by e-mail discussion are provided in Table 1 in the Appendix. Note that the CQI mapping tables used to generate the results provided in this contribution are specified in the Appendix as well.

3.1 Evaluation of baseline and reduced-feedback schemes

Figure 5 shows the throughput vs Ior/Ioc for the scheme with 4TB-4CW with full feedback (baseline), the scheme with 4TB-2CW with 2CQI-2ACK/NACK reduced feedback (as described in Sec.2.3), and the scheme with 2TB-2CW (as described in Sec.2.2). At low Ior/Ioc, the throughput of the three schemes is the same because ranks lower than 4 are likely to be chosen. As the Ior/Ioc increases, the baseline scheme can reach a higher throughput because it takes advantage of the additional feedback where each TB is ACK/NACKed separately and each TB size is chosen independently based on the CQI associated to that transmitted TB.

Comparing the two schemes with 2CWs and reduced ACK/NACK feedback, we observe that at high Ior/Ioc performance with 2 or 4 TBs is almost the same. This is not surprising because both schemes use 2 ACK/NACKs and the data transmitted on each pair of layers either belong to a single TB, meaning that the ACK/NACK feedback is based on the decoded performance of bits that were transmitted through the 2 layers, or to 2 TBs that have been previously interleaved before transmission on the two layers, meaning that bits from both TBs are transmitted through the 2 layers. The question as to if an interleaver is needed when using 2 ACK/NACK feedback in the scheme with 4TB-2CW described in Sec.2.3 cannot be answered from these simulation results and remains an open question.
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Figure 5 Throughput of baseline and reduced-feedback schemes
It is worth noticing that so far we considered an MMSE receiver while better performance can be achieved with an interference cancellation receiver with cancellation between layers or pairs of layers, and the performance gap with the baseline transmission scheme can become smaller. The SIC receiver structure depends on the transmission scheme since data on one or more layer need to be processed before cancellation, and both schemes with 2 TBs and 4 TBs can be considered. Considering to perform cancellation between layers, as opposed to cancelling between pairs of layers, the most straightforward scheme would have 4 TBs, each with an associated CRC. The reduced feedback with 2 ACK/NACKs can be used regardless of the number of transmitted TBs.

Based on the above discussion, further studies could be done to quantify the relative performance and trade-offs between the baseline scheme and the reduced feedback schemes considering both the MMSE and SIC receiver structures.

4. Conclusion
Based on the simulation results so far we observe that: 

1. In low geometry, baseline scheme with full feedback and schemes with 2 CWs and reduced feedback perform similarly as expected.

2. In high geometry, the schemes with 2 CWs and reduced feedback suffer a certain performance loss compared to the baseline.

Further studies could be done to quantify the relative performance and trade-offs between DL-MIMO transmission schemes with full and reduced feedback considering also a SIC receiver structure. Both schemes with 2 TBs and 4 TBs can be considered. Considering to perform cancellation between layers, as opposed to cancelling between pairs of layers, the most straightforward scheme would be the one with 4 TBs, each with an associated CRC. The reduced feedback with 2 ACK/NACKs can be used regardless of the number of transmitted TBs.

Our proposal at this stage is to confirm the agreements from last meeting regarding the 2 CWs and reduced feedback with 2 CQIs and 2 ACK/NACKs.
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6. Appendix

Table 1: Link Level Simulation Assumptions
	Parameter
	Value
	Comments

	P-CPICH_Ec/Ior
	-10dB
	

	S-CPICH1 Ec/Ior
	-13dB
	If other values are simulated, the assumed values are to be indicated

	S-CPICH2 Ec/Ior
	-13dB
	

	S-CPICH3 Ec/Ior
	-13dB
	

	Dedicated Pilot channel

P-DPICH

S-DPICH
	As needed
	Details of the power setting of dedicated channels should be provided

	P-CCPCH_Ec/Ior
	-12dB
	

	SCH_Ec/Ior
	-12dB
	

	PICH_Ec/Ior
	-15dB
	

	HS-SCCH_Ec/Ior
	-12dB
	The HS-SCCH decoding can be assumed to be ideal.

Alternatively, the HS-SCCH power can be set dynamically to meet 1% target BLER

	HS-PDSCH_Ec/Ior
	-2.7dB
	OCNS fills up remaining power after HS-DPSCH power is specified

	OCNS
	Necessary power so that total transmit power spectral density of Node B (Ior) adds to one
	1. Balance of power 
[image: image6.wmf]or
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 of the Node-B is assigned to OCNS.

2. OCNS transmitted only on antenna 1.

	Spreading factor for

HS-PDSCH
	16
	

	NodeB Power Balancing Network
	To be specified
	Details of a power balancing network, if used, should be provided

	Modulation
	QPSK, 16-QAM, 64QAM
	

	TBS
	Variable
	CQI based scheduling.

	Number of Transport Blocks
	4
	Other values can be simulated and should be provided

	HSDPA Scheduling Algorithm
	CQI based
	Rank 1: table G (see Table 2)

Rank 2, 3, 4: table K (see Table 3)

	Geometry
	[0 5 10 15 20 25]dB
	

	CQI Feedback Cycle
	1 TTI
	

	CQI feedback error
	0 %
	Other values can be simulated and should be provided

	HS-DPCCH ACK/NACK feedback error
	0 %
	

	Maximum number of HS-DSCH codes
	15
	

	Number of HARQ Processes
	6
	

	Maximum Number of H-ARQ Transmissions
	4
	

	HARQ Combining
	Incremental Redundancy
	If other combining methods are used, they should be indicated.

	Redundancy and constellation version coding sequence
	{0,3,2,1} for QPSK

and 16-QAM 
{6,2,1,5} for 64 QAM
	

	Target Number of H-ARQ Transmissions
	1
	

	Residual BLER
	10% after 1 transmission
	

	Number of Rx Antennas
	2, 3, 4
	

	Channel Encoder
	3GPP Turbo Encoder
	

	Turbo Decoder
	Log MAP
	

	Number of iterations for turbo decoder
	8
	

	Precoding weight vector determination
	SNR maximizing
	Details of the PCI determination shall be provided

	Quantization of Precoding vector
	Quantized
	Details of the PCI codebook shall be provided

	PCI/CQI Feedback delay
	12 slots
	See Section 2.2.7

	Precoding Feedback error rate
	0, 2%
	

	Precoder update rate
	3 slots
	

	Propagation Channel Type
	PA3
	See Section 4

	Channel Estimation
	Realistic
	

	Noise Estimation
	Realistic
	

	UE Receiver Type
	Spatial temporal LMMSE receiver
	

	Antenna imbalance [dB]
	0
	

	Tx Antenna Correlation
	0
	Other values may be simulated (e.g. according to 36.101 Annex B.2.3 or TR 25.814 SCM A-D)

	Rx Antenna Correlation
	0
	


Table 2: CQI mapping table G.[3]

	CQI value
	Transport Block Size
	Number of 
HS-PDSCH
	Modulation
	Reference power adjustment (
	NIR
	XRV

	0
	N/A
	Out of range

	1
	136
	1
	QPSK
	0
	43200
	0

	2
	176
	1
	QPSK
	0
	
	

	3
	232
	1
	QPSK
	0
	
	

	4
	320
	1
	QPSK
	0
	
	

	5
	376
	1
	QPSK
	0
	
	

	6
	464
	1
	QPSK
	0
	
	

	7
	648
	2
	QPSK
	0
	
	

	8
	792
	2
	QPSK
	0
	
	

	9
	928
	2
	QPSK
	0
	
	

	10
	1264
	3
	QPSK
	0
	
	

	11
	1488
	3
	QPSK
	0
	
	

	12
	1744
	3
	QPSK
	0
	
	

	13
	2288
	4
	QPSK
	0
	
	

	14
	2592
	4
	QPSK
	0
	
	

	15
	3328
	5
	QPSK
	0
	
	

	16
	3576
	5
	16-QAM
	0
	
	

	17
	4200
	5
	16-QAM
	0
	
	

	18
	4672
	5
	16-QAM
	0
	
	

	19
	5296
	5
	16-QAM
	0
	
	

	20
	5896
	5
	16-QAM
	0
	
	

	21
	6568
	5
	16-QAM
	0
	
	

	22
	7184
	5
	16-QAM
	0
	
	

	23
	9736
	7
	16-QAM
	0
	
	

	24
	11432
	8
	16-QAM
	0
	
	

	25
	14424
	10
	16-QAM
	0
	
	

	26
	15776
	10
	64-QAM
	0
	
	

	27
	21768
	12
	64-QAM
	0
	
	

	28
	26504
	13
	64-QAM
	0
	
	

	29
	32264
	14
	64-QAM
	0
	
	

	30
	38576
	15
	64-QAM
	0
	
	


Table 3: CQI mapping table K.[3]

	CQI1
or
CQI2
	Transport Block Size
	Number of 
HS-PDSCH
	Modulation
	Equivalent AWGN SINR difference (
	NIR
	Xrvpb or Xrvsb 

	0
	4592
	15
	QPSK
	-3.00
	43200
	0

	1
	4592
	15
	QPSK
	-1.00
	
	

	2
	5296
	15
	QPSK
	0
	
	

	3
	7312
	15
	QPSK
	0
	
	

	4
	9392
	15
	QPSK
	0
	
	

	5
	11032
	15
	QPSK
	0
	
	

	6
	14952
	15
	16QAM
	0
	
	

	7
	17880
	15
	16QAM
	0
	
	

	8
	21384
	15
	16QAM
	0
	
	

	9
	24232
	15
	16QAM
	0
	
	

	10
	27960
	15
	64QAM
	0
	
	

	11
	32264
	15
	64QAM
	0
	
	

	12
	36568
	15
	64QAM
	0
	
	

	13
	39984
	15
	64QAM
	0
	
	

	14
	42192
	15
	64QAM
	0
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