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1 Introduction

The main enhancement to the UL DMRS design in Rel.10 was the introduction of OCC (and the UE-specific disabling of sequence hopping in the PUSCH) in order to support MU-MIMO among UEs with different PUSCH transmission BW and avoid performance losses at high SINRs for SU-MIMO with 4 Tx antennas.  
Additional UL DMRS enhancements should be primarily motivated from Rel.11 specific applications such as UL CoMP transmissions to multiple cells or Transmission Points (TPs) in homogeneous/heterogeneous networks.  
This contribution provides a brief overview of the tools available for UL DMRS transmissions up to Rel.10 and their applicability for the UL CoMP scenarios in Rel.11, and of related improvement options and specification implications.

2 UL DMRS Enhancements
For UL CoMP or for operation in heterogeneous networks without FFR (i.e. if PUSCH transmissions rely only on power control), UEs sharing the same resources in different cells or TBs should have sufficiently differentiable (preferably orthogonal) UL DMRS to allow for sufficiently accurate channel estimation. 
Inter-cell UL CoMP (CoMP scenarios 3)
Inter-cell UL CoMP can be implemented either with different CAZAC sequences or the same CAZAC sequences allocated in the CoMP cells, depending on how to set the cell-specific parameter 
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, different CAZAC sequences are used in the CoMP cells. On the other hand, when the UL CoMP cells coordinate 
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, the same CAZAC sequences can be used in the CoMP cells. In neither cases, orthogonal UL DMRS cannot be achieved through the use of different CS or different OCCs, owing to the cell-specific cyclic shift hopping which relies on cell ID.  
When cyclic shift hopping is turned off for the CoMP cells in which different CAZAC sequences are allocated, orthogonal DMRS can be achieved only through the use of different OCCs. As long as up to two UEs are multiplexed, the DMRS orthogonality with OCCs can be achieved even when PUSCH BWs partially overlap.
When cyclic shift hopping is turned off for the CoMP cells in which the same CAZAC sequences are allocated, orthogonal DMRS can be achieved through the use of different CS as well as different OCCs. Orthogonal DMRS with CS can be achieved with more stringent scheduling restriction: identical PUSCH BWs must be allocated to orthogonalize DMRS through the use of different CS. Having the same CAZAC sequences may not be always beneficial for DMRS interference. For example, the cross-correlations of the UL DMRS sequences may become significantly high particularly when partially overlapping PUSCH BWs are allocated to the UEs in the CoMP cells. To mitigate this interference issue, some companies proposed to further study interference randomization techniques during early Rel-10 discussions [1]. 
Intra-cell UL CoMP (CoMP scenario 4)
For intra-cell UL CoMP, as the same CAZAC sequence group is used across the cell or across TPs by definition, perfect DMRS orthogonality can be achieved by the legacy mechanism even without introducing the CS hopping turnoff. However, similarly to inter-cell UL CoMP with the same sequence group, some additional mechanism could be needed to support sufficiently differentiable UL DMRS for the general PUSCH BW allocation case.
UL single-TP scheduling without inter-TP coordination

UL single-TP scheduling may still be useful for at least some UEs, mainly to reduce scheduling complexity. When the same CAZAC sequences are used for all the CoMP TPs, the cross-correlations of DMRS sequences may become significantly high, either when the PUSCH BWs are partially overlap, or when the PUSCH BWs are identical and the same CS are assigned. 
Figure 1 illustrates the UL DMRS multiplexing cases overviewed above, especially when the same CAZAC sequences are used for all the CoMP TPs. 


[image: image4.emf]UE4

UE1

UE5

UE2

PRB 

allocations

UE1UE2

The same CAZAC sequence is used 

for all the TPs.

Identical BW alloc 

è

Orthogonal DMRS

CS0CS3

UE1UE2

Partially-overlapping BW alloc 

è

High X-corr

UE3

UE3

CS6

UE3

UL CoMP 

MU-MIMO

UE4UE5

Identical BW alloc 

CS0CS3

UE4UE5

Partially-overlapping BW alloc 

è

High X-corr

UL single-TP 

Scheduling

(no coordination)

Orthogonal 

DMRS

UE4UE5

CS0CS0

Perfectly

correlated


Figure 1 UL DMRS analysis in CoMP scenarios 3 and 4
If an additional orthogonal dimension is desired for multiplexing UL DMRS, due to the time dimension through the use of OCC being limited to 2 UL DMRS and the code dimension through the use of CS being generally inapplicable, the frequency dimension through the use of IFDMA may be considered. Evaluation results to determine whether the degree of orthogonality provided by OCC is adequate are also needed. IFDMA may also be considered as a general enhancement and not necessarily be associated only for UL CoMP. Although the specification/implementation impact will likely not be too significant (IFDMA is already supported for SRS transmissions), the benefits for IFDMA should be carefully considered as interference suppression is reduced by 10log10(RPF) where RPF represents the number of combs, leading to worse channel estimation particularly for cell edge UEs for which channel estimation accuracy is most critical and UL CoMP is mostly applicable.

To mitigate the interference issue caused from using the same CAZAC sequences for multiple TPs, interference randomization can be considered as a low-complexity alternative. For example, to naturally achieve interference randomization in the heterogeneous network setting, we may consider assigning UL CAZAC sequences based on a configured CSI-RS pattern for some Rel-11 UEs in the network. 
3 Conclusions

This contribution considered the need for any UL DMRS enhancements in Rel.11. While the tools provided up to Rel.10 are useful to accommodate the application scenarios considered in Rel.11, some investigation is needed for supporting more orthogonal DMRS in UL MU-MIMO CoMP while still preserving the possibility of simple interference randomization. 
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