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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
In RAN1#68bis, 2 options are discussed when 2 TB need to be multiplexed into 1 CW:
Option 1: No interleaving
Option 2: Symbol level interleaving 
In this contribution, we will analyze the structure of Option 2 and compare its implementation complexity with Option 1. It can be seen that the complexity of both options are almost the same. Throughput curves for both options are then provided by link level simulations. The solution with the interleaver clearly has gains over the solution without interleaver..
2. Discussion

As mentioned in [1]

 REF _Ref324327739 \r \h 
[2], the introduction of an interleaver between the 2 TBs that forms a single codeword is 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 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 in log scale.

2.1 Design of Layer Mapping
We first discuss the detailed design of the layer mapping for Option 1 and Option 2. The layer mapping scheme for Option 1 and 2 could be like:
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Figure 1 Layer mapping scheme for Option 1 (left) and Option 2 (right)

In the figure, modulation mapper is to map data bits into data symbols. For Option 1, each TB is mapped to the corresponding layers separately. For Option 2, symbol level interleaving is located at the same position of Option 1. The operation of interleaving is only slightly different from Option 1: The odd-index symbols of first TB and even-index symbols of second TB are mapped to the first layer, while the even-index symbols of second TB and odd-index symbols of first TB are mapped to the second layer. 
The complex-valued modulation symbols for each of the TB to be transmitted are mapped onto one or several layers. Complex-valued modulation symbols  
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 is the number of layers and 
[image: image7.wmf]symb

M

 is the number of modulation symbols per layer. Table 1 shows the detailed layer mapping operations of both options.
Table 1 Layer Mapping Schemes for Option 1 and Option 2

	Number of layers
	Layer mapping 
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	Option 2
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It can be seen that the interleaving operation just changes the mapping scheme of Option 1. No additional cost or complexity is introduced to implementation. Figure 2 illustrates the layer mapping operation for Option 2 when TB0 and TB1 are mapped to Layer 0 and Layer 1. 
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Figure 2 Illustration of symbol level interleaving

Both options have few impacts to the current specs. As shown in Figure 1, the current coding chain of HS-DSCH remains intact. For Option 2, the only thing needs to be specified is the mapping of the interleaver as described in Table 1. We suggest adding the layer mapping scheme to TS 25.213, after section 5.1.1, modulation mapper. 

This mapping rule can be followed by the UE to perform a simple de-interleaving operation. SIC receiver can also be benefited from this interleaving scheme.

As discussed above, interleaving virtually brings no additional complexity to implementation. Only minor changes to the current specs are required.
3. Link Level Simulations
Link level simulations are performed to get the throughput of both options for different geometries. In the simulations, realistic channel estimation and ideal link adaption are assumed. Other simulation assumptions are provided in Table 2 in the Appendix. When TB multiplexing is needed, the criterion of CQI selection for Option 1 is based on the minimum SINR of the 2 layers. For Option 2, CQI is based on the average SINR on both layers in dB domain. Figure 3 shows the throughputs for Option 1 and Option 2 with LMMSE receiver.
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Figure 3 Throughputs of Option 1 and Option 2
4. Conclusions

Compared with no interleaving, symbol level interleaving virtually adds no additional complexity to implementation complexity, and it brings few impacts to the current specs. Simulation results also show that interleaving operation will have significant gain over no interleaving. 
Proposal 1: If more than 2 layers are configured for transmission, data from the 2 TBs mapped to the same CW are interleaved, and interleaving is done at the symbol level. 

Proposal 2: The layer mapping is done as in Table 1, Option 2. 
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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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