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1 Introduction
In order to support LTE-Advanced components for uplink including up to 4-layer SU-MIMO, intra- & inter-cell MU-MIMO and frequency-non-contiguous resource allocation, demodulation reference signals (DM RS) should be enhanced, since only 1-layer frequency-contiguous transmission is supported for each UE in Release 8. This contribution points out the issues for uplink DM RS enhancement.
2 Issues related to uplink DM RS design
2.1 Support to SU-MIMO

It is required that the maximum number of layers for uplink SU-MIMO could achieve 4. Since the maximum number of cyclic shifts (CS) is 8 in current specification [1], utilizing different CSs to distinguish different antenna ports is possible, with the maximum supported delay spread of 66.67(s/4=16.67(s. The advantages include nice backward compatibility and good orthogonality.
· For SU-MIMO, different layers could be distinguished with different CSs.

2.2 Support to intra-cell MU-MIMO

For intra-cell MU-MIMO, it is required that good orthogonality be also guaranteed between paired UEs. One concern is the allowed layer number for each UE involved in intra-cell MU-MIMO. 4+4 (i.e. 2 UEs are involved and each UE transmits 4 layers) could make full use of available resources when each UE is equipped with 4 antennas and eNB with 8 antennas. In that case, orthogonal cover code (OCC) [4] is a possible solution to achieve 8 available orthogonal resources since only 6 CSs could be utilized to satisfy the delay spread requirement. Since the deployment of high rank uplink MU-MIMO would increase the system complexity, it may need careful balance between the system performance and extra operations. Consequently, it might be necessary to look into the limited layer number for intra-cell MU-MIMO.
· Different layer(s) for paired UEs could also be distinguished with different CSs. It might be necessary to look into the limited layer number for intra-cell MU-MIMO.
2.3 Support to inter-cell MU-MIMO
The orthogonality between DM RSs for PUSCH from different cells could be supported in current specification, i.e. different cells could be scheduled with selected sequence shift pattern 
[image: image1.wmf]PUSCH

ss

f

 to enable UEs involved in inter-cell MU-MIMO from different cells to use the same sequence group in each transmission, and different CSs are allocated to the UEs for orthogonality. However, the cell-specific setting might affect other UEs not involved in inter-cell MU-MIMO. 
Regarding the above considerations, other options might be studied to achieve inter-cell MU-MIMO orthogonality, e.g. UE- or cluster-specific sequence-shift pattern or IFDMA [3, 4]. The impact to backward compatibility with the solutions should be investigated, and the requirement on the layer number is similar with that for intra-cell MU-MIMO. Since the UEs involved in inter-cell MU-MIMO are usually cell-edge UEs, one or two ports might be sufficient, enabling at least 3 UEs to be multiplexed in the same frequency resource. Thus the current CS number might be sufficient. For better multiplexing freedom, enhancement with e.g. OCC might also be considered.
· UE- or cluster-specific sequence shift pattern or IFDMA might be utilized to better support inter-cell MU-MIMO.
2.4 Support to frequency-non-contiguous resource allocation

In [5], frequency-non-contiguous resource allocation is supported on each component carrier. One issue is the DM RS sequence design. Two options could be easily considered, as shown in Fig. 1, where an example with 2 PRB clusters (1+2 PRBs) is given. In other words, the uplink DM RS might either be generated from only one sequence or multiple sequences. Option 1) might exhibit higher cubic metric (CM) characteristic and Option 2) might have problem to support MIMO. Both performance and CM should be taken to give a comprehensive evaluation.
· For frequency-non-contiguous resource allocation, whether to generate DM RS sequence from one sequence or multiple sequences depends on the performance and CM characteristic.
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Fig. 1 SRS transmission in an uplink MIMO scenario

2.5 Others
As indicated in [6], SRS capacity is likely to become a bottle neck for LTE-Advanced, since the baseline is antenna-specific SRS and maximum 4 SRS resources will be allocated to each UE. One effective way to solve the issue is multiplexing SRS with DM RS, i.e. unused CSs on DM RS could be utilized for sounding uplink channel. It is necessary to investigate the interaction between multiplexed SRS and DM RS and carefully design the allocation of CSs.
· Unused CSs on DM RS could be utilized for sounding uplink channel to improve SRS capacity. The interaction between DM RS and SRS and the allocation of CSs should be carefully designed.
3 Conclusion
This contribution outlines some refinements for uplink DM RS enhancement for LTE-Advanced. The discussions above are summarized as
· For SU-MIMO, different layers could be distinguished with different CSs.

· Different layer(s) for paired UEs could also be distinguished with different CSs. It might be necessary to look into the limited layer number for intra-cell MU-MIMO.

· UE- or cluster-specific sequence shift pattern or IFDMA might be utilized to better support inter-cell MU-MIMO.

· For frequency-non-contiguous resource allocation, whether to generate DM RS sequence from one sequence or multiple sequences depends on the performance and CM characteristic.

· Unused CSs on DM RS could be utilized for sounding uplink channel to improve SRS capacity. The interaction between DM RS and SRS and the allocation of CSs should be carefully designed.
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