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1 Introduction

For better supporting of UL spatial multiplexing (i.e., rank>1), the issues of layer mapping and the number of MCS levels were discussed in RAN1 #55－#56 meeting. Some contributions [1]

 REF _Ref225058206 \r \h 
 \* MERGEFORMAT [2]

 REF _Ref225058208 \r \h 
 \* MERGEFORMAT [3]

 REF _Ref225004718 \r \h 
 \* MERGEFORMAT [4] have discussed about these issues and most companies agreed that 2 CWs should be used in UL-MIMO. However, the problems on CW to layer mapping and how many MCSs will be used have not decided. In RAN1#56 a way forward is agreed in [5]: 
· Same layer mapping as downlink LTE Rel-8

· Maximum of 2 codewords (TBs)

· Spatial bundling of HARQ parameters desirable:

· Single shared downlink ACK/NAK (PHICH); single shared NDI, RV

· Impact on performance (including overhead) to be verified

· Final decision in the next meeting 

· Number of MCS fields:

· FFS: one or two

· Layer shifting in time domain

· FFS: exact shifting pattern

· Possibility to configure with or without layer shifting

In this contribution, we give some discussion on the codeword to layer mapping scheme for UL MIMO.
2 Static Mapping
Scheme 1: Same layer mapping as that for DL SU-MIMO in LTE Rel-8
The mapping method is illustrated in [1].
Scheme 2: Layer shift mapping
A layer shifting mapping scheme is proposed in [1]. In this scheme, when rank is 3 we should consider whether the assumption in R8 DL should be used, which assumes the number of symbols in code stream 2 is twice of the code stream 1. If layer shifting is adopted, the number of symbols on code stream 1 and 2 can be equal, which leads to more equally distribution of symbols on layer 3.
If CW2=2CW1，the mapping scheme will be
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Figure 1 Layer shifting (CW2=2CW1)
If CW2=CW1，the mapping scheme will be
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Figure 2 Layer shifting (CW2=CW1)

The above two schemes have been analyzed in [1], [2], and [3].
Scheme 1:
Pros:

No-layer-shifting allows each code stream to use adaptive MCS which would efficiently improve the transmission performance. 

Cons:

No-Layer-Shifting can not obtain the diversity gain from the different channels where code-streams experienced. In addition, two code streams using different MCS means more overhead.
Scheme 2:
Pros:

Layer shifting would obtain the diversity gain for each code stream, and therefore enhance the performance. One MCS also costs less overhead.

Cons:

Compared with scheme 1 that uses two adaptive MCS, only one adaptive MCS would decrease the performance.
It should be noticed that the increase of UEs and antennas in LTE-A UL would impact the time domain density of UL SRS. Theoretically, this will has more impact on No-layer-shifting case, since the major advantage of using scheme 1 is the better MCS performance of two code streams compared with only one code stream in scheme 2.
3 Dynamic Mapping Scheme
Only the static mapping scheme has been proposed now, however a dynamic mapping method may provide better performance and Qos. 

With one or multiple TTI granularity, we can change the mapping schemes in each TTI.

	Number of layers
	Number of code words
	Codeword-to-layer mapping



	2
	2
	One codeword mapped to the layer that has the best transmission performance; the other codeword mapped to the other layer

	3
	2
	a．One codeword mapped to the layer that has the best transmission performance; the other codeword mapped to the other two layers
b．One codeword mapped to the two layer that has the best ransmission performance; the other codeword mapping to the other layer

	4
	2
	One codeword mapped to the two layers that has the best transmission performance; the other codeword mapped to the other two layers


This proposal estimates the performance of each layer and chooses the mapping method, further provides the mapping scheme index to the UE. The eNB can also suggest the information of transmission performance when they are choosing the precoding matrix, and the UE can obtain it from PMI.  
This dynamic mapping scheme can improve system performance but with a bit high overhead. The performance gain of the dynamic mapping scheme will be investigated in the future. 

4 Conclusion
In this contribution, we briefly analyzed codeword to layer mapping without layer shifting and with layer shifting. Furthermore, we give a dynamic mapping scheme that may get better performance and Qos. We suggest also considering and studying the dynamic mapping scheme for LTE-A UL MIMO. For layer shifting scheme, we also think the number of symbol needs further investigation when rank is 3.
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