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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 part of the 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

· Specification of UL CoMP support shall take into account the work for specifying DL CoMP support

· Specify L2/L3 protocols and procedures to support UL CoMP

· Investigate the extent to which specified support is needed for X2 interfaces and specify the X2 interface support in the identified areas

This paper discusses the enhancement and requirements on UL RS to improve the SRS capacity and reception.
2 Discussion
SRS are used for UL channel state estimation by the serving cell, and also for DL channel state estimation where reciprocity can be assumed – for TDD, and for long-term channel effects in FDD.  
The SRS resources are broadcasted on SIB2 to inform all UEs in the cell to exclude all SRS symbols from their PUSCH rate matching.  Each UE is configured with its own UE-specific SRS resource allocation, transmission comb, duration, frequency position, and bandwidth.    
In UL CoMP, SRS would be used for UL channel state estimation not only by the serving cell but also by all other reception points in the coordinated set.   The SRS from different UEs received at the reception points of the serving cell are orthogonal to each other due to the use of different cyclic shifts of the Zadoff-Chu root sequence.   However, since SRS sequences in different cells are generated based on different Zadoff-Chu root sequences, the SRS signals interfere due to the cross-correlation between two Zadoff-Chu root sequences when they reach other reception points in the neighboring cells in the coordinated set.  If the SRS configurations are fully synchronized among cells, the primary interference is the SRS from the UEs in the neighboring cell.   In order to provide reliable UL channel state estimation for CoMP, interference mitigation for SRS inter-cell measurements needs to be further investigated.  Several alternatives can be considered as follows,
· FDM coordination among cells – If a cell would like to measure SRS from a neighboring cell, the eNB would assign no UEs in its cell to use the intended transmission comb and assign the other value of transmission comb to the UEs of its own cell.  Since different transmission combs are then used between SRS from neighboring UEs and its own UEs, the interference would be minimized.   The FDM coordination could be provisioned in advance to allocate specific SRS resource among cells for inter-cell SRS measurements.  The FDM coordination could also be dynamic through reconfiguration when the eNB intends to measure SRS from UEs from neighboring cells.   
· TDM coordination among cells – eNB could allocate the SRS resources but no UEs in its cell are assigned to those resources for inter-cell SRS measurements.  This would allow the eNB to measure SRS transmissions from UEs from two different cells.  The TDM coordination could be static through provisioning or dynamic through SRS reconfiguration.  
· SRS Interference cancellation – The primary interference for inter-cell SRS channel state estimation comes from SRS transmissions from UEs in the eNB’s its own cell.  The serving cell SRS can be cancelled before detecting the neighboring cell SRS as shown in Figure 1.   The pipeline structure of the SRS cancellation scheme requires minimal additional processing since the serving cell SRS are processed anyway.   The SRS interference cancellation has been shown already in the evaluation of UTDOA technology [3].
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· New SRS design for inter-cell channel state estimation – A new SRS could be designed for inter-cell channel state estimation for UL CoMP.   To minimize the interference of inter-cell SRS measurements, multi-cell SRS orthogonal sequences or an SRS reuse pattern are two of the better alternatives.  Multi-cell SRS could be designed to assign the same Zadoff-Chu sequences to the cells in the coordinated reception set for a given UE.   The challenge of providing a multi-cell SRS sequence is that the propagation delays from a UE to different cells are different and it is difficult to maintain the orthogonality for all cells.  
An SRS reuse pattern is similar to FDM and TDM coordination supported in Rel-10.  
Whatever method is used for SRS configuration for UL CoMP measurements, it is necessary to inform all the reception points for a given UE about the SRS configuration, in order to enable those reception points to make the necessary measurements; it may also be useful to signal the SRS configurations to other eNBs, to help determine whether they should be added to the reception set of a UE or not. This will necessitate suitable X2 signalling.
3 Conclusions

Four different alternatives are discussed to support inter-cell SRS-based channel state estimation for UL CoMP.   
The Rel-10 SRS configurations already allow the eNB to flexibly configure the SRS resources without necessarily assigning UEs to those resources. This can enable both FDM and TDM of SRS in neighbouring cells in order to facilitate the measurement of SRS transmissions from UEs in the neighboring cells.  
The eNB can also use SRS interference cancellation to minimize the interference on inter-cell SRS measurements.   
We therefore think that the current Rel-10 SRS configurations are flexible enough for inter-cell SRS measurements, and no enhancements are needed to support UL CoMP in Rel-11.  
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Figure � SEQ Figure \* ARABIC �1�: SRS interference cancellation
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