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1 Introduction 

The CoMP study item was closed and a new work item was approved in RAN#53 in [1].  The UL CoMP work item includes the following objectives:
· Study the extent to which specified support is beneficial for UL CoMP operation in homogenous and heterogeneous configurations studied in the CoMP study item. The areas for study include: 

· Enhancements and requirements on uplink reference signals to improve the DM-RS and SRS capacity and reception

· …
· Specify the UL CoMP support for the enhancements that are found to be beneficial

This paper discusses the enhancement and requirements on UL RS to improve the DM-RS capacity and reception.
2 Discussion
In UL CoMP, DM RS are used for UL channel estimation by the serving cell as well as all other reception points in the coordinated set.  There is no interference problem for channel estimation if multi-cell PUSCH resources are allocated for an UE for SU-CoMP for joint processing.  However, the gain of UL SU-CoMP is not that attractive since radio resources of multiple cells are allocated for an UE.  
The more attractive UL CoMP scheme is MU-CoMP, where multi-cell radio resources are shared by multiple UEs and multi-cell MIMO decoding is used for interference management between different Tx antennas from different UEs.  Since DM RS sequences are generated based on different Zadoff-Chu root sequences between different cells, the DM RS signals may interfere due to the cross-correlation between two Zadoff-Chu root sequences.  The channel estimation of MU-CoMP using DM RS is critical for the performance.    

We consider two possible alternatives for DM RS enhancement as follows:
· New DM RS design for inter-cell demodulation –To minimize the cross-interference between DM RS from different cells in the reception set, DM RS sequences for all UEs in co-scheduled resources in multiple cells could be generated from different cyclic shifts of the same Zadoff-Chu sequence, instead of using different root sequences.  This is similar to Rel-10 single cell SU-MIMO DM RS generation, but with coordination of the root sequence across multiple cells.  
· Iterative Interference cancellation – The DM RS interference generated by UEs from multiple cells could be cancelled iteratively.  Iterative DM RS interference cancellation estimates the channel of the strongest DM RS first.  The DM-RS are then cancelled from the original received signals, which contain DM RS from UEs transmitted from different cells.  The interference cancelled signals are used for channel estimation of the second strongest DM RS signals and the outputs of channel estimation of second strongest users are fed back for cancellation.  The procedures are repeated until the channel estimation of the weakest DM RS signals is done.  The whole procedure could be repeat again from the strongest DM RS until the MSE of the channel estimation meets the desired performance requirement.  Error! Reference source not found. shows an example of iterative DM RS interference cancellation for two distinct DM RS sequences.  
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Figure 1: Iterative interference cancellation

3 Performance Evaluation

Simple link level simulations of DM RS channel estimation are performed to compare two different alternatives.  The first alternative is a Zadoff-Chu sequence shared by all UEs of different cells in the cooperative set.   Each UE is assigned a different cyclic shift similar to Rel-10 SU-MIMO.  The separation of multi-CS DM RS is achieved through DFT, time domain filtering, and IDFT.  The second alternative is the iterative interference cancellation.  The mean square errors of channel estimation results are shown in Figure 2 and Figure 3, which show MSE of channel estimation results of 1 RB resource allocation for MU-MIMO in TU channel model with 120 Km/hr and ITU VA channel model with 30 Km/hr, respectively.  From the results of Figure 2 and Figure 3, we can see that the iterative interference cancellation could reduce the channel estimation errors significantly in comparison to a shared Zadoff-Chu sequence for MU-CoMP.  
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Figure 2: MSE of channel estimation results of iterative IC scheme and shared Zadoff-Chu sequence for multi-cell MU-CoMP in TU channel model with 120 Km/hr
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Figure 3: MSE of channel estimation results of Iterative IC and shared Zadoff-Chu sequence for MU-CoMP in VA channel model with 30 km/hr
4 Conclusions

The possibilities for UL DM RS enhancement to support UL CoMP have been discussed.  
For SU-CoMP, no DM RS enhancement is needed since no multi-user DM RS interference exists.   
For MU-CoMP, two alternatives were discussed in Section 2: the use of a single Zadoff-Chu root sequence shared by UEs from different cells, and  an implementation-based solution using the Rel-10 DM RS generation with iterative interference cancellation. Simulation results show that the MSE of channel estimation using iterative interference cancellation could be minimized and performs better than that of a single Zadoff-Chu sequence shared by UEs from different cells.  
We therefore propose that DM RS enhancement for UL CoMP is not needed in Rel-11. 
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