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1 Introduction
In 3GPP RAN1#60 meeting, it was decided that there will be no layer shifting for uplink MIMO and the discussion on HARQ bundling continues. This agreement has impact on the design of uplink codeword-to-layer mapping.
2 Benefits of the Proposal 

As discussed in [6], it is proposed that the codeword-to-layer mapping for uplink maps modulation symbols of a TB layer by layer if a TB is mapped to two layers. If a TB is mapped to one layer, there is no difference from the downlink mapping.  

This scheme has the benefit of preserving a code block to a layer as much as possible, thus allowing CRC checking of individual code blocks on a layer.  The results of the CRC checking can be leveraged by the interference cancellation algorithm in the receiver.
The proposed scheme has several advantages.

· It incurs no extra complexity to the transmitter compared to the downlink mapping. 
· Small standard impact is expected. The only difference between the proposed mapping and the existing downlink mapping is shown in the highlighted entries of Table 1.

· The scheme gives the receiver the option of implementing an advanced algorithm, e.g.  per-layer interference cancellation, in exchange for better performance. Since the receiver circuitry is located in eNodeB, the receiver can afford higher receiver complexity and power consumption compared to a receiver located in UE. 
· Without layer shifting, the signal quality on different layers may differ widely. In this case, per-layer interference cancellation is particularly advantageous.
In contrast, there is little value keeping the uplink codeword-to-layer mapping the same as downlink, since the constraints and requirements for the uplink and downlink receivers are very different. The receiver in UE and the receiver in eNodeB perform very different functions, for example, OFDM vs SC-FDMA, no channel interleaving vs channel interleaving at the modulation symbol level. Simulation results have shown that enhanced performance is achieved by the proposed scheme compared with the downlink mapping.
Table 1: Proposed codeword-to-layer mapping for UL spatial multiplexing
	Number of layers
	Number of code words
	Codeword-to-layer mapping
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Note: The difference between the proposed mapping and the existing downlink mapping is shown by the highlighted entries.
3 Simulation Results
The link level simulation was carried out to identify the performance gain of the proposed mechanism. As shown in [6], the proposed scheme provides significant gain (about 2dB @ 1% FER) over Rel-8 based method. For example, the 4x4 case result is presented in Figure 1.
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Figure 1: The FER comparison of two UL transmission schemes for the case of 2 TBs per TTI with 2 CBs per TB.
4 Conclusions

The proposed scheme provides significant gain over Rel-8 DL layer mapping in case that one TB composed of multiple CBs is mapped into two layers. It is suggested that the proposed codeword-to-layer mapping design be adopted in Rel-10.
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