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1 Introduction
According to CoMP WID [1], the following objectives should be fulfilled in CoMP work item:
· 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

This contribution investigates possible enhancements related to uplink DM RS.

2 Discussion on enhancements for DM RS
In the Rel-8/9 or Rel-10 DM RS design, UEs in the same coverage adopt the same sequence group, and UEs from different cells adopt different sequence groups. Since the cross-correlation between different groups is low, the inter-cell interference (ICI) is low. In order to further randomize the ICI, CS hopping was introduced, i.e. the CS values for DM RS symbols in different slots are different. 

The ICI is low enough for single-cell reception, but is still high for a CoMP scenario. Consider the example in Fig. 1, where CoMP UE1 receives PDCCH from cell1, but transmits uplink data to both cell1 and cell2; UE2 only transmits or receives signals to/from cell2, and is scheduled with overlapped PRBs as CoMP UE1. CoMP UE1 can enjoy performance gain with the additional link to cell2 receiver. However, the quality of the additional link is much worse than the link to cell1 since that pathloss is usually larger and frequency domain scheduling mainly considers channel condition related to the serving cell (i.e. cell1). The impact from frequency domain scheduling may be solved by optimizing the scheduler but the impact to the channel estimation accuracy (i.e. UE2’s signals interferes with CoMP UE1’s signals at cell2 receiver) is difficult to solve with the current specification because different cells usually adopt different groups of sequences. 
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Fig. 1 An example for the necessity of inter-cell orthogonality for DM RS in CoMP scenario
In order to solve the issue, CDM way was proposed for inter-cell DM RS orthogonality [2]. In Rel-10 design, different layers/UEs can be distinguished with different CSs or OCCs, and these CDM solutions may be utilized to enable inter-point DM RS orthogonality. The CS solution requires that an eNB can schedule different UEs to adopt the same base sequence but different CS values. The OCC solution requires that an eNB is able to configure the same CS hopping-patterns for different UEs. Hence in order to support inter-cell DM RS orthogonality, UE-specific base sequence and UE-specific CS hopping pattern may be introduced. Similar analysis was also presented in [3-6].

In scenario 4, one UE may be served by a single point in uplink transmission, and multiple points share the same cell ID. According to Rel-10 design, the base sequence is cell-specific. If Rel-10 design keeps unchanged, different UEs in different points’ coverage will use the same base sequence to generate uplink DM RS, which causes great interference. Hence another benefit for UE-specific base sequence is that UEs in different points’ coverage can generate UL DM RS with different base sequence group, so as to reduce the inter-point interference, as shown in Fig.2.
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Fig. 2 An example for inter-point interference in CoMP scenario 4
Proposal:

· Introduce UE-specific base sequence and UE-specific CS hopping pattern to support inter-cell DM RS orthogonality and reduce inter-point interference.

One of the impacts to introduce CS or OCC to support inter-cell orthogonality is that the benefits from SU-MIMO & enhanced MU-MIMO or that from uplink CoMP may be affected and scheduling complexity for limited orthogonal code resources may also be too high to implement. For example in Fig. 1, when both OCCs are allocated to UE2 and UE3 by the cell2 scheduler, there is no OCC resource available for CoMP UE1 for inter-cell orthogonality. Note that uplink CoMP should provide additional gain to the Rel-10 system. Considering this issue, IFDMA may be considered for further enhancement, so as to increase DM RS orthogonal resources for both SU-MIMO, MU-MIMO and uplink CoMP. Analysis for IFDMA can also be found in [7-8].

Proposal:

· Consider IFDMA as a tool to increase orthogonal resources for co-existence of SU-MIMO, MU-MIMO and uplink CoMP.

In Rel-10, UE-specific disabling sequence/group hopping (SGH) was introduced to enable MU-MIMO with unequal bandwidth allocation when cell-specific SGH is on. In Rel-11, the requirement to mitigate ICI is much higher than in Rel-10 (see examples for different CoMP scenarios above), especially for the links from CoMP UE to its cooperative cells, where the received signal power is weak and the interference is high. For better optimization in ICI randomization, a new subframe-level SGH scheme may be introduced in Rel-11. Such research has been started with several detailed designs [9], where DM-RS sequence obtained from Rel-8 SGH in the first slot is used also for the second slot. The detailed design may be discussed for better optimization.

Proposal: 

· Consider subframe-level SGH to improve inter-cell interference randomization.

3 Conclusions
This contribution discusses issues related to uplink DM RS due to the introduction of CoMP technique. It is proposed to

· Introduce UE-specific base sequence and UE-specific CS hopping pattern to support inter-cell DM RS orthogonality and reduce inter-point interference.

· Consider IFDMA as a tool to increase orthogonal resources for co-existence of SU-MIMO, MU-MIMO and uplink CoMP.

· Consider subframe-level SGH to improve inter-cell interference randomization.
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