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1 Introduction
According to 3GPP TR 36.913 v8.0.1 (2009-03), LTE-Advanced should target a downlink peak data rate of 1 Gbps and an uplink peak data rate of 500 Mbps. This indicates that the uplink peak data rate has increased from 50 Mbps to 500 Mbps as LTE evolves to LTE-Advanced. An important component to enable such throughput increase on the uplink is the application of spatial multiplexing. 

According to 3GPP TR 36.814 V1.1.1(2009-06) , 
“In the uplink single user spatial multiplexing, up to two transport blocks can be transmitted from a scheduled UE in a subframe per uplink component carrier. Each transport block has its own MCS level. Depending on the number of transmission layers, the modulation symbols associated with each of the transport blocks are mapped onto one or two layers according to the same principle as in Rel-8 E-UTRA downlink spatial multiplexing.”
In this contribution, we study the performance of uplink spatial multiplexing with SIC receivers based on the agreed layer mapping and propose a mechanism for SIC support in layer mapping when one transport block (TB) consists of multiple code blocks (CB).
2 Codeword-to-layer mapping for UL based on Rel-8 DL
While following the same principle as Rel-8 downlink spatial multiplexing, the uplink channel coding and codeword-to-layer mapping may be designed to facilitate the SIC receiver [5].  For MCW MIMO, the SIC receiver outperforms MMSE receiver as it cancel inter-stream cross talk.  Basic SIC receiver carries the assumption that each layer has its own CRC.  If the codeword-to-layer mapping of Table 6.3.3.2-1 of [1] is applied, only cancellation of TBs is possible.  In the 2-layer MIMO case, if two codewords are transmitted, they are transmitted simultaneously.  Since each TB has its own TB-level CRC bits, there is implicit support for SIC receiver.  If one codeword is transmitted in 2-layer, SIC cannot be supported with reliable cancellation.  In the 3-layer and 4-layer cases, the codeword-to-layer mapping of Rel-8 implies that post decoded cancellation can only be used on a group of layers, with a group corresponding to a TB, rather than per-layer.   In both DL and UL of Rel-8, if the size of TB including TB-level CRC bit is higher than 6144, one transport block is split into multiple code block and each CB has its own CB-level CRC bits. To improve performance, mechanism that allows for per-layer SIC support using CB-level CRC bits may be included without increasing complexity.
Our study shows that per-layer SIC receivers should be supported by exploiting the CB-level CRC as proposed by [5]. Below it is discussed how the per-layer CRC may be provided with simplicity and backwards compatibility in LTE-Advanced.

Consider SIC for multiple codeword (MCW) MIMO, which means up to 2 TBs can be transmitted simultaneously for LTE-Advanced. Assume the Rel-8 LTE TB size definition and TB mapping of downlink spatial multiplexing are used for Rel-10 uplink. Also assume the procedures for code block segmentation, turbo encoding, rate matching and modulation are the same as Rel-8 LTE. The only big difference between uplink and downlink is that UL channel coding procedure has the channel interleaver whereas DL has no channel interleaver.  Due to the choice of TB sizes [3] all the TBs in [3] are segmented into code blocks of the same information block size. Due to the Rel-8 designation of the number of output bits at the rate matcher for each code block, each code block is not always guaranteed to be mapped to the same number of modulation symbols. However, with little change, each code block can be mapped to the same number of modulation symbols.

The downlink layer mapping for LTE is defined in Table 6.3.3.2-1 of [1], which is copied below. For three cases (number of layers = 2, 3, 4), a TB is mapped to two layers, as illustrated in Figure 1.
Table 6.3.3.2-1 of [1]: Codeword-to-layer mapping for spatial multiplexing

	Number of layers
	Number of code words
	Codeword-to-layer mapping
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Figure 1: Cases where one TB is mapped to two layers
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Figure 2: Example of Rel-8 DL layer mapping with channel interleaver of UL.
3 Proposed Channel Interleaver and Codeword-to-layer Mapping for Rel-10 UL 
To facilitate SIC, it is proposed in [5] that “One CRC per layer” should be used, taking advantage of the “functionality of one CRC per code block”. However, the TB to layer mapping as defined in Table 6.3.3.2-1 of [1] would map modulation symbols belonging to a codeword to two layers, both without and with channel interleaving. Thus the layer mapping rule needs to be changed to keep bits of a code block within a layer as much as possible.  If there is channel interleaving of Rel-8 uplink whose operation is similar to the conventional symbol-level block interleaver where the input sequence are written into R×C matrix row by row and the output is the sequence read out column by column from the matrix, the layer mapping of Rel-8 DL cause additional problem, which may deteriorate the system performance as shown in Figure 2.  

In example illustrated in Figure 2, it is assumed that one TB comprising 2 CBs (C0, C1) is mapped into two layers.  Since C0 is followed by C1 after code block concatenation, C0 is written into the (Rmux×Cmux) matrix first and occupy the top half of the matrix while C1 is written into the (Rmux×Cmux) matrix second and occupy the bottom half of the matrix as shown in the right top of Figure 2.   Since the output sequence is read out column by column from (Rmux×Cmux) matrix, the output sequence become C0(0), C1(0), C0(1), C1(1), C0(2), C1(2), … , C0(11), C1(11) from Figure 2, where Ci(j) is the j-th column vector of i-th CB in the block interleaver.  When those output sequence is mapped into two layers using DL codeword-to-layer mapping shown in Table 6.3.3.2-1 of [1], even-index symbols of C0 and C1 are mapped into first half and second half in time domain (before DFT) of first layer, respectively while odd-index symbol of those CBs are mapped into second layer.  As a result, SIC cannot be employed because codewords of one CB is split into two layer and allocated into same time-frequency domain resource of each layer.  .  
Note that in this contribution, the effect of control bits interleaved with data bits is ignored, since the control bits are relatively few and are not expected to affect the processing or performance.
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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As shown in Figure 2, if the same mechanism as DL layer mapping is used for LTE-A UL, the performance degradation is expected when one TB comprising multiple CBs is mapped into two or more layers because SIC cannot be used with reliable interference estimation.  
One possible solution is to change the three rows of Table 6.3.3.2-1 to those in Table 1 and to modify the channel interleaver slightly. One benefit of this mapping change is high backwards compatibility. The physical layer processing from receiving a TB from MAC layer to code block concatenation would remain the same as Rel-8. The layer mapping combinations are largely the same as the downlink of Rel-8.  
Further, the Rel-8 channel interleaver can be used on each layer.  If a TB is mapped to two layers, the overall channel interleaver per TB can be easily defined as follows. The (Rmux×Cmux) matrix is split into two sub-channel interleavers of size (Rmux/2 × Cmux) after writing input sequence into (Rmux×Cmux) matrix row by row. The same algorithm of Rel-8 UL channel interleaver is carried out for each sub-channel interleaver.  The output of each sub-interleaver is concatenated to form output sequence of the modified channel interleaver. 
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Figure 3: Example of the proposed layer mapping and channel interleaver for UL spatial multiplexing (two CBs per TB)
The detail example for the operation of the proposed layer mapping and channel interleaver is illustrated in Figure 3 in case that one TB consists of two CBs (C0, C1) and is mapped into two layers.  C0 is written into the (Rmux×Cmux) matrix first and occupy the top half of the matrix while C1 is written into the (Rmux×Cmux) matrix second and occupy the bottom half of the matrix as shown in the right top of Figure 3.  Then, the (Rmux×Cmux) matrix is split into two the (Rmux/2×Cmux) matrixes and symbols of C0 and C1 is stored in first and second matrix, respectively as shown in left-top of Figure 3.  First half of output sequence of the modified interleaver comes from C0 while the second half of output sequence comes from C1.  Then the output sequence shall be C0(0), C0(1), … , C0(11), C1(0), C1(1), … , C1(11).  Again Ci(j) is the j-th column vector of i-th CB in the block interleaver. When those output sequence is mapped into two layers using the proposed codeword-to-layer mapping shown in Table 1, symbols of C0 and C1 are mapped into Layer0 and Layer1, respectively. As a result, SIC can be employed because all symbols of one CB are allocated into the same layer. 
In general, for a TB composed of an even number of code blocks, the proposed mechanism maps an integer number of code blocks to a layer as shown in Figure 3, where each layer has one CRC due to the per-code block CRC defined in Rel-8. If a TB is composed of an even number (denoted 2F) of code blocks, each layer would take F code blocks, each code block having 24 CRC bits attached. Thus each layer has an equivalent CRC, where the layer is deemed correct if all F code block-level CRC checks, and the layer is deemed incorrect if any of the F code block-level CRC does not check. This facilitates SIC as the bits of the entire layer 1 can be subtracted from layer 2 when layer 1 checks, or vice versa.
If a TB is composed of an odd number (denoted 2F+1) of code blocks, each layer would take (F+0.5) code blocks, F ( 0. Each layer as a whole does not have an equivalent CRC, due to the fraction of the code block at the end of first layer, and at the beginning of the second layer. 

For F =0, i.e., the TB size is smaller than or equal to 6120 bits, and not segmented into code blocks. In this case, only TB-level CRC bits are attached to the TB, without any CB-level CRC bits. In this case, the receiver may use MMSE or ML receiver.
However, for any F > 1, each layer has F code blocks that have CRC bits attached. Thus, error detection can be performed on F code blocks, and SIC can be facilitated based on the error detection. The modulation symbols corresponding to the fractional code block can be processed differently, e.g., MMSE detection only without being utilized for interference cancellation of the other layer. With this scheme, each layer does not always have an equivalent CRC, but the majority of the bits in each layer have a reliable error detection decision. Thus the majority of performance gain due to a reliable SIC can be achieved. This scheme relies on the inherent code block CRC entirely, without adding any extra processing. Compared to explicitly attaching a per-layer CRC, this scheme is simple and backwards compatible, without noticeable performance degradation.
4 Simulation

4.1 Simulation parameters
Simulation study is carried out to show the performance benefit of the described scheme. Four cases are simulated, with simulation parameters in Table 2. Here Nep represents the TB size. When there are two TBs, both TBs have size Nep.
Table 2: Simulation Parameters
	Parameter
	Value

	Bandwidth
	10 MHz 

	IFFT/FFT size
	1024

	Receivers
	LMMSE, SIC

	Fading Model
	Ped. B @ 3km/h

	Simulation Scenario
	Case 1 (1TB)
	4x2-2layers, (Nep=6864, 64QAM, 8RBs)

	
	Case 2 (2TB)
	4x4-4layers, (Nep=6736, 16QAM, 12RBs)

	
	Case 3 (2TB)
	4x2-2layers, (Nep=512, QPSK, 4RBs)

	
	Case 4 (2TB)
	4x2-2layers, (Nep=6736, 64QAM, 16RBs)

	Channel and Noise estimation
	Ideal

	Number of SC-FDMA symbols per slot
	7


4.2 Simulation Results
The link level simulation was carried out to identify the performance gain of the proposed mechanism according to simulation parameters shown in Table 2.  
The following 4 scenarios were simulated.
· Case 1: 1 TB, Nep = 6864 (2CBs/TB), 64QAM, 8RBs, 4 Tx antenna, 2 Rx antenna, 2 layers

· Case 2: 2 TBs, Nep = 6736 (2CBs/TB), 16QAM, 12RBs, 4 Tx antenna, 4 Rx antenna, 4 layers

· Case 3: 2 TBs, Nep = 512 (1CB/TB), QPSK, 4RBs, 4 Tx antenna, 2 Rx antenna, 2 layers

· Case 4: 2 TBs, Nep = 6736 (2CBs/TB), 64QAM, 16RBs, 4 Tx antenna, 2 Rx antenna, 2 layers

Since the goal of the proposed method is to improve the performance when 1TB comprising multiple CBs is mapped into 2 layers, it’s expected that it gives gain over the current presumed method (Rel-8) in Case 1 & 2 while it has similar performance to the Rel-8 based method in Case 3 & 4.
Detail simulation results are presented Figure 6, and 7, which show the simulation results for Case 1, and 2, respectively.  As expected, the proposed one gives the significant gain (more than 2.5dB @ 1% FER) over Rel-8 based method in Case 1 and 2 as shown in Figure 6 and 7. Since two TBs are mapped to two layers in Case 3 and 4, per-layer SIC is equivalent to cancellation on a TB basis. Thus the proposed method has almost the same performance to Rel-8 based method in Case 3 and 4.
5 Conclusions

The described method for UL spatial multiplexing provides significant gain over Rel-8 DL layer mapping in case that one TB comprising multiple CBs is mapped into two layers.  It has at least same performance as Rel-8 DL layer mapping in case one TB having just one CB. It is proposed that the described channel interleaver and codeword-to-layer mapping procedure be adopted for Rel-10.
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Figure 6: The FER comparison of two UL spatial multiplexing methods in case of 2-layers with one TB (2 CBs per TB).
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Figure 7: The FER comparison of two UL spatial multiplexing methods in case 4-layers and two TBs (2 CBs per TB).
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