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1. Introduction

In RAN1#68, the following agreements have been made for the codeword to layer mapping agenda item:

· Adopt a scheme with up to two codewords (CWs)

· A CW is mapped to up to 2 layers 

· Single ACK/NACK per codeword
And the working assumption is:
· Keep separate encoding and CRC for each TB if two TBs are multiplexed in one CW

However, it has not been decided whether to interleave 2 TBs into 1 CW and whether to add separate CRC to each TB. In this paper, our link level simulation results will show the benefit of interleaving. Separate CRC for each TB also provides the possibility to use the SIC receiver. 
2. Discussion

2.1 TB Interleaving
When the rank is higher than 2, 2 TBs are multiplexed into 1 CW, and separate CRC can be added to each TB, as illustrated in Figure 1. Note that the 2 TBs can be multiplexed into 1 CW w/ interleaving or w/o interleaving. Since there is only 1 CQI for 1 CW, the TB size of the 2 multiplexed TBs will be selected based on a single CQI. As mentioned in [1],[2], the introduction of an interleaver between the 2 TBs that form a single codeword might be beneficial because the selection of the TB will be based on average performance of the two TBs. If not interleaved, the received SINR of the two streams can be very different and the single CQI would reflect the quality of the weakest link. In this way performance is dominated by the lowest quality link. If instead the 2 TBs are interleaved, the single CQI would reflect the average quality of the two links and will be calculated by averaging the SINR of the two links.
Interleaving can be performed at symbol level right before CW to layer mapping, so that each TB can be transmitted on 2 layers. If there is no interleaving, each TB is transmitted on one layer. There is 1 ACK for each CW. If 2 TB are multiplexed in 1 CW, ACK will be reported only when both TB are decoded correctly. Otherwise, NACK will be reported.
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Figure 1 Block diagram of 4TB-2CW-4Layer scheme
The 2 multiplexed TBs use the same CQI value. If 2 TBs are interleaved, the CQI is based on the mean CQI of the 2 layers. The mean CQI value is based on the mean SINR of the 2 layers with multiplexed TB. If 2 TBs are not interleaved, there are 3 possible methods to determine CQI: max CQI based on the maximum SINR of the 2 layers, min CQI based on the minimum SINR of the 2 layers, and mean CQI. 
It can be expected that interleaving will have better performance than no interleaving. When there is no interleaving, each TB has different SINR. If CQI is based on the minimum of the 2, the layer with higher SINR is not fully utilized. If the CQI is based on the mean or maximum of the 2, then the layer with lower SINR will be not be able to support that rate. Interleaving, however, will not have such problem, because each TB is transmitted on both layers, and their average SINR are the same. As a result, the reported CQI can be accurate for both TB, and the SINR on both layers can be fully utilized.
2.2 Codeword to Layer Mapping

Regarding the mapping of a CW to specific layer(s), simulation results [3] showed that there is no performance difference when choosing any of the layers. Based on this, we propose to agree on the mapping scheme in Table 1, which complies with the LTE Rel-8 CW to layer mapping scheme.
Table 1 Codeword to layer mapping scheme
	Rank
	Layer

	1
	CW 1 ( Layer 1 

	2
	CW 1 ( Layer 1 

CW 2 ( Layer 2

	3
	CW 1 ( Layer 1

CW 2 ( Layer 2 and 3

	4
	CW 1 ( Layer 1 and 2

CW 2 ( Layer 3 and 4
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2.3 CRC per TB
The current working assumption has separate CRC for each TB. We suggest adopting this assumption, since adding separate CRC provides the possibility to use a SIC receiver. One possible SIC operation may be performed as follows. After the initial decoding, if 1 of the multiplexed TB is decoded with CRC = 0 while the other CRC = 1, the SIC receiver can subtract the correct TB from the received signal and decode the other TB again.
3. Simulations
3.1 LMMSE Receiver
Figure 2 shows the simulation results for interleaving and no interleaving for LMMSE receiver. The simulation assumptions are provided in Table 2 in the Appendix. 
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Figure 2 Simulation results for interleaving vs. no interleaving

From the simulation results, it can be seen that interleaving outperforms no interleaving for all 3 CQI determination methods. No interleaving min CQI has better performance than mean CQI, and mean CQI has better performance than max CQI. This is because ACK is reported only when both multiplexed TB are decoded correctly. If only 1 of the multiplexed TB is decoded correctly, a retransmission is required for both TB. For the max CQI method, it is highly probable that TB on the lower SINR layer will be decoded. That probability for mean CQI is lower, and if min CQI is chosen, both layers will likely be decoded successfully. As a result, min CQI outperforms mean CQI and max CQI. However, min CQI is too conservative, and the channel quality on the higher SINR layer is not fully utilized. Interleaving, however, can average SINR on both layers and provide better performance than the min CQI.

At the lower end and higher end of the Ior/Ioc, smaller performance difference can be observed. This is because when Ior/Ioc is very low, the rank of the channel is low for most of the time and TB multiplexing is not performed. When Ior/Ioc is high, the SINR values of both layers are similar and could be mapped to the same CQI value. Therefore, all three methods will report the same CQI and performance is the same.
3.2 SIC Receiver
Initial simulation results, not shown here, indicate that the scheme with interleaver works better than any of the three schemes without interleaving. Interference cancellation was performed by decoding and reconstructing the TB that was decoded with no error, and then subtracted from the received signal, where equalization, demodulation and decoding are then performed for the other TBs.
4. Conclusions

As the simulation results indicated, interleaving outperforms no interleaving. In order to achieve better DL MIMO performance, we propose adopting an interleaver between the 2 TBs mapped to the same CW. 
Proposal 1: Data from the 2 TBs mapped to the same CW are interleaved, and interleaving is done at the symbol level. 
Proposal 2: The codeword to layer mapping in Table 1 is agreed. 
Proposal 3: The working assumption of keeping separate encoding and CRC for each TB that is multiplexed in a single CW is agreed.
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6. Appendix

Table 2: Link Level Simulation Assumptions
	Parameter
	Value

	P-CPICH_Ec/Ior
	-10dB

	S-CPICH1 Ec/Ior
	-13dB

	S-CPICH2 Ec/Ior
	-13dB

	S-CPICH3 Ec/Ior
	-13dB

	Dedicated Pilot channel

P-DPICH

S-DPICH
	No

	P-CCPCH_Ec/Ior
	-12dB

	SCH_Ec/Ior
	-12dB

	PICH_Ec/Ior
	-15dB

	HS-SCCH_Ec/Ior
	-12dB

	HS-PDSCH_Ec/Ior
	-2.7dB

	OCNS
	Necessary power so that total transmit power spectral density of Node B (Ior) adds to one

	Spreading factor for

HS-PDSCH
	16

	Modulation
	QPSK, 16-QAM, 64QAM

	Number of Transport Blocks
	4

	HSDPA Scheduling Algorithm
	CQI based

	Geometry
	[0 5 10 15 20 25]dB

	CQI Feedback Cycle
	1 TTI

	CQI feedback error
	0 %

	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

	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
	4

	Channel Encoder
	3GPP Turbo Encoder

	Turbo Decoder
	Log MAP

	Number of iterations for turbo decoder
	8

	Precoding weight vector determination
	SNR maximizing

	Quantization of Precoding vector
	LTE Rel-8

	PCI/CQI Feedback delay
	12 slots

	Precoding Feedback error rate
	0%

	Precoder update rate
	3 slots

	Propagation Channel Type
	PA3

	Channel Estimation
	Realistic

	Noise Estimation
	Realistic

	UE Receiver Type
	Spatial temporal LMMSE receiver
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