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1. Introduction
In the RAN1 #47 meeting, in contribution [1] different mappings of codewords to layers have been discussed. In this contribution, we investigate the effect of layer mapping on the performance of transmission of 4 layers and suggest a general fixed layer to codeword mapping for LTE DL SU-MIMO.
2. Layer to codeword mapping for Rank<4
For SU-MIMO transmission we try to utilize the maximum number of the 2 available codewords for layer transmission as effectively as possible. As a consequence, we try to use as many codewords as possible for our transmission, meaning that 2CWs are being utilized for transmission of more than a single layer. 

Therefore, the resulting layer to codeword mapping for rank<4 is rather straightforward: For a single layer a single codeword is transmitted, for two layers two codewords with a single layer each are transmitted and for 3 layers, the first codeword contains a single layer whereas the second codeword consists of two layers.

3. Layer to codeword mapping for Rank=4 

When considering the number of layers there are two basic possibilities on how to do the layer mapping: Either transmitting 2 codewords with two layers each (which we denote as 2+2 in the sequel) or one layer on one codeword and the remaining 3 layers on the second codeword (which we denote with 1+3). 
In order to investigate the performance difference between these two different possible layer to codeword mappings, we performed link level simulations according to the following simulation assumptions:

Table 1 Link Simulation Assumptions
	Parameter
	Value

	DL Modulation
	QPSK, 16-QAM, 64-QAM

	Coding for data channel
	29 MCS levels as in [2]

	Slot/Subframe duration
	0.5 ms / 1ms

	Transmission BW
	10MHz

	Usable subcarriers
	600

	CP Length 
	73 samples

	Number of OFDM symbols per TTI
	10 (data) + 4 (pilots + overhead) 

	RB size
	600 tones, 1 subframe

	Turbo-Decoding
	Max-Log, 8 iterations

	HARQ
	Symbol-level Incremental Redundancy, 3 retransmissions

	MCS selection
	Dynamic based on CQI feedback

	Carrier Frequency 
	2 GHz

	Channel model
	Urban Micro

	Antenna Configuration
	4x4

	UE speed
	3 km/h

	CQI delay 
	4 subframes

	Channel Estimation
	2D-Wiener Filter (within one subframe) 

	Receiver
	MMSE


Simulations have been performed with layers ordered according to their strength as well as with unordered layers. The simulation results have shown that pairing the stronger layers within one codeword and the weaker layers within the second codeword has a small performance advantage compared to random pairing (no ordering). We show the best pairing for the 2+2 and 1+3 results in the following graphs, where the layers have been ordered in descending channel quality when comparing the 2+2 and 1+3 layer to codeword mapping. These results for the MMSE receiver can be found in Figure 1. 
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Figure 1:   Performance comparison of 2+2 and 1+3 layer mapping (4 layers mapped to 2codewords) compared to using 4 codewords with the LMMSE receiver. 
As can be seen from the results, there is just a small difference between the three schemes in the highest G factor area (exactly in that area, where 4 rank transmission makes sense – note in this simulation rank adaptation has not been taken into account). Nevertheless, it seems that the 2+2 layer to codeword mapping slightly outperforms the 1+3 mapping. As a consequence, we think that the 2+2 mapping seems to be a reasonable way to do the fixed mapping of layers to codewords. 
In summary, we suggest the following mapping of layers to codewords to be adopted for LTE DL SU-MIMO as given in Table 2:

Table 1 Suggested layer to codeword mapping
	
	Rank=1
	Rank=2
	Rank=3
	Rank=4

	CW1
	Layer 1
	Layer 1
	Layer 1
	Layer 1 & 2

	CW2
	-
	Layer 2
	Layer 2 & 3
	Layer 3 & 4


4. Advantages of a fixed layer to codeword mapping

Fixed layer to codeword mapping brings some advantages related to control signaling & UE feedback. In case of a flexible layer to codeword mapping, where e.g. the eNodeB decides the mapping of codewords to layers, the actual layer to codeword mapping needs to be somehow signaled to the terminal via L1/L2 control signaling. Obviously this is not needed for fixed codeword mapping. Fixed mapping also has an advantage related to uplink feedback reporting. Assuming a fixed layer to codeword mapping, the terminal just needs to feed back the CQI of each codeword instead of the CQI of each layer! In case of full CQI reporting for each codeword or layer, the CQI overhead would increase by 100% for rank4 and 50% for rank3 transmissions. 

Also in case of utilization of CQI and relative CQI, fixed mapping gives some advantage. Some UL overhead can again be saved in case of individual relative CQIs for each of the layers 2 to 4 by reporting just a single relative CQI for the second codeword instead of 2 or 3 in case of rank3 or rank4 transmissions. 
It has been suggested in [1] to utilize a single average relative CQI, where the relative CQIs are linearly averaged. This averaging introduces errors of the quality descriptions for each individual layer in the end, due to its fixed assumption of a linear relationship of the CQIs of the k-th layer according to 
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. With a fixed layer to codeword mapping and one CQI for each codeword this would be not the case. 
5. Summary and Conclusion

In this contribution, we consider fixed layer to codeword mapping for DL LTE MIMO.  In case of the utilization of two codewords for rank=2, 3 and 4 transmissions, there is just the possible two cases for rank4 transmission: 2+2 and 1+3. The presented simulation results indicate that the 2+2 setup slightly outperforms the 1+3 setup. Considering the advantages in UL feedback and DL control signaling, we suggest adopting the following fixed layer to codeword mapping for LTE DL SU-MIMO: 
	
	Rank=1
	Rank=2
	Rank=3
	Rank=4

	CW1
	Layer 1
	Layer 1
	Layer 1
	Layer 1 & 2

	CW2
	-
	Layer 2
	Layer 2 & 3
	Layer 3 & 4
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