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1. Introduction

In LTE UL transmission based on single antenna, single cyclic shift (CS) based DM-RS is defined. To support UL MIMO transmission for LTE-A, one potential way is to apply multiple CS resources keeping backward compatible uplink sub-frame design. Considering multiple CS utilization for UL MIMO, one of important consideration points would be how to allocate CS resources efficiently. In addition, how to signal or define OCC to a UE could be an issue if OCC is introduced. In the contribution, we described some DM-RS design guidelines for UL MIMO in LTE-A. 
2. Consideration on DM-RS for UL MIMO transmission
· Cyclic shift allocation 
In the RAN1 #57 meeting, it was decided that cyclic shift (CS) separation is the primary multiplexing scheme [1]. To support UL MIMO transmission in LTE-A, the orthogonality using CSs among layers could be a considerable criterion so that channel estimation performances for multiple layers can be ensured. In CDM approach using CSs, it is desirable that the different CSs between layers have far distances as much as possible to minimize inter-layer interference in channel estimation for each layer resulting from delay spread of channel.

As detailed options to indicate multiple CSs to a UE, three options can be summarized [2, 5];
Option 1. Multiple CS fields for multiple layers
Option 2. One CS field for a reference layer (eg. layer 0) and one gap field of increment indication for other layers
Option 3. Only one CS field for indication reference layer (eg. layer 0) and predefined CS allocation for other layers
All the options described above can fulfil the important criterion which is large separation of CSs among the layers by means of implicit predetermination or explicit signalling. Therefore, there is no difference among three options in perspective of channel estimation performance. On the other hands, Option 1 and Option 2 require additional overhead of absolute or relative CS values in comparison of Option 3. In that sense, Option 3 is preferable for CS allocations in UL-MIMO.
As a detail for Option 3, the CS separation in layer-by-layer can be predefined as 12/N so that the CS separation can be maximized, where N is the number of layers. When N is provided by four which is the maximum rank, the CS separation becomes 3(=12/4) as seen in Figure 1. With this approach, the same overhead as Rel-8 can be maintained while all CS values can be optimized. 
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Figure 1. Example of CS resource separation within 12 elements
· Orthogonal cover code (OCC)
In [2]-[7], it is proposed that OCC in addition to CS separation is introduced to further reduce inter-layer interferences. The several contributions showed that the introduction of OCC has a benefit to further suppress interference. In addition, the orthogonal multiplexing for non-equal bandwidth in MU-MIMO can be supported by using OCC depending on the decision of DM RS generation for non-contiguous allocation [8]. If the base sequence of DM RS is generated according to the whole allocation size and split into clusters, the orthogonal multiplexing between users cannot be achieved as long as OCC is not introduced. Further, the introduction of OCC has a benefit to potentially increase the multiplexing capacity from 12 to 24. Therefore, to employ OCC for DM RS across slots is preferable.
· Configuration of CS and OCC
In our view, the separate transmission modes for SU/MU-MIMO may not be necessary in LTE-A. Therefore, the common configuration rule for CS and OCC might be necessary.
As for CS configuration, only one CS field is need since the CS distance in layer-by-layer can be predefined. It means that the 3-bit CS value in DCI format can be reused to configure CS. It is noted that the CS values according to the layers can be defined in conjunction with OCC application.
As for OCC configuration, the following two ways can be considered;

· Option A: One bit signalling for UE specific OCC index in DCI format in addition to predefined 3-bit CS value is provided. (total four bits)
· Option B: OCC is predefined in combination of predefined 3-bit CS value in order to make possible maximum CS distance between layers as well as non-equal bandwidth multiplexing between UEs. (total three bits)
For both options, to reduce inter-layer interference in SU-MIMO as well as to enable non-equal bandwidth users to be multiplexed in MU-MIMO can be achieved. Assuming the used CS distance is two which is likely to be used in large delay spread environment such as TU channel, Option A has the multiplexing capacity of 12 (=6x2) while Option B has that of 6. The total supportable number of layers for SU/MU-MIMO is equal to the multiplexing capacity. Although the conclusion for maximum total number of layers has not been decided, we think that up to eight layers (eg. two four- layers UEs) may be supported for UL-MIMO. Therefore, Option A with one bit signalling for UE-specific OCC seems to be reasonable for OCC configuration. 
3. Summary

In this contribution, we described some consideration aspects of DM-RS design for UL MIMO transmission in LTE-A. Based on the discussion above, our baseline proposals are as follows:
· Predefined CS values according to the number of layers in order to maintain maximum CS separation among layers.

· It can be predetermined by a function of the number of layers. (eg. d=12/N, d: CS gap in layer-by-layer, N: # of layers
· The configuration of three bit indicator for CS value from Rel-8 can be reused.
· OCC introduction

· OCC for the suppression of inter-layer interference can be also predefined in conjunction with predefined CS value.
· UE specific OCC with one bit to enable the different UEs to be multiplexed can be signalled via DCI format.

References

[1]
R1-092274, "MIMO AH summary", Samsung.

[2]
R1-094508, “Views on UL DM-RS”, Panasonic

[3]
R1-094651, “Performance of uplink  MU-MIMO with enhanced demodulation  reference signal structure”, Nokia Siemens Networks, Nokia
[4]
R1-094763, “UL DM RS Multiplexing for SU-MIMO”, Texas Instruments

[5]
R1-094785, “Consideration on DM-RS design for UL SU-MIMO in LTE-A”, LG Electronics
[6]
R1-094870, “DM RS in support of UL spatial multiplexing”, Qualcomm Europe

[7]
R1-094911, “UL RS Enhancement for LTE-Advanced”, NTT DOCOMO

[8]
R1-100658, “CM Increase for PUCCH/DM RS in Non-contiguous Allocation”, LG Electronics

































































































































PAGE  
4

