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1   Introduction
The new work item on CoMP [1] includes study of the extent to which specified support is beneficial for UL CoMP operation in homogenous and heterogeneous configurations in the areas of uplink RS, UL power control, UL control channel, and potential timing advance enhancements. This contribution discusses some of the potential enhancements and their standardization impact for Rel-11 considering the four CoMP scenarios agreed in the CoMP SI.

2   Discussion
2.1   Uplink Reference Signals 
Orthogonal DM-RS between UL CoMP UEs in different cells/reception points can improve cell-edge performance. This can be achieved in Rel-10 by cyclic shift (CS) multiplexing (for same BW UEs) and/or OCC orthogonality (for same or different BW UEs). Rel-10 UL DM RS design supports using the same base sequence/sequence-group in different cells (different cell IDs – CoMP scenario 1-3 – with appropriate sequence-shift offset selection) with CS and group hopping pattern coordination (or disabled for OCC between different BW UEs). Rel-10 does not support RS orthogonality between cells with different base sequence/sequence-group assignments due to different cell-specific CS hopping patterns. To enable support for this scenario with OCC orthogonality between cells with different base sequence/sequence-group assignments requires disabling of sequence/sequence-group hopping and coordination of CS hopping patterns. To achieve this CS hopping coordination, UE-specific disabling of CS hopping or UE-specific signalling enabling same CS hopping pattern initialization can be considered. 
Orthogonal SRS between UL CoMP UEs in different cells/reception points can similarly be achieved as for DM-RS via CS, comb, FDM multiplexing as well as TDM multiplexing of the SRS opportunities.

Proposal 1: 

· Rel-10 supports using the same base sequence/sequence-group in different cells to achieve orthogonal RS via CS and/or OCC – Baseline with no specification impact.
· Other proposed enhancements such as UE-specific CS hopping coordination with different base sequence/sequence-group between cells can be considered which are expected to have little specification impact.
2.2   Uplink Power Control 
The Rel-8/9/10 UL power control is based on a combination of open loop downlink pathloss estimate (PL) and closed loop TPC commands. The open-loop downlink PL is determined as the difference of the CRS power and RSRP of the serving cell with the serving cell selection based on the cell with the largest RSRP (including bias). 
For homogenous network CoMP scenario 1 and 2 where all the cells have similar CRS power, cell attachment based on RSRP is optimum from UL pathloss perspective and thus no UL PC enhancement are anticipated for such homogenous CoMP deployement scenarios. 
For HetNet CoMP scenario 3 where the macro cell and low power RRH use different cell IDs, RSRP based attachment is optimum for the DL but may result in excessive UL interference such as to a RRH from a macro cell UE due to smaller UL pathloss to the RRH. Thus, it may be beneficial to consider and support mechanisms for independent DL/UL serving cells or connection points that enable the UE to connect to the best serving cells in both DL (RSRP) and UL (Pathloss) directions. 
For HetNet CoMP scenario 4 where the macro cell and low power RRH use the same cell ID, differences between the macro cell CRS reference power and low power node transmission power can result in a UE located near the RRH to overestimate the pathloss which is based on the signalled macro cell reference signal power. This result in excessive UE transmission power than that needed for reception at the RRH with increased UE power consumption and reduced battery life.
The excessive uplink transmission power in CoMP scenarios 3 and 4 are both caused by overestimation of pathloss and potential mechanisms to compensate for the pathloss misalignment needs to be considered and studied. Potential mechanisms include closed-loop TPC commands (and possible value range extension for fast convergence), UE-specific appropriate Po setting (and possible value range extension), and change of pathloss reference (based on RRH CRS –  scenario 3 – or CSI-RS – scenario 4 ). The support of (extended) TPC command and Po mechanisms have no or little standardization impact while the last mechanism based on changes to the pathloss reference are expected to have a large specification impact. 
Proposal 2: 

· For HetNet CoMP (scenario 3 and 4), study potential mechanisms to compensate for the pathloss misalignment

· Extended value range for TPC command and Po have no or little standardization impact while changes to the pathloss reference is expected to have a large specification impact
2.3 Uplink Control Channel
Rel-10 PUCCH design is sufficiently developed to perform adequately for homogenous network deployment scenarios 1 and 2. For HetNet CoMP scenario 3 with the macro cell and low power RRH using different cell IDs, orthogonal PUCCH resources for macro and RRH UEs can be readily achieved in Rel-10 by using PRB-level FDM, i.e., macro UEs that can cause excessive interference to RRH UEs are on different PUCCH RBs than RRH UEs. For HetNet CoMP scenario 4 where the macro cell and low power RRH use the same cell ID, macro UEs that are not close to an RRH can be assigned the same PUCCH RBs as RRH served UEs to reduce PUCCH overhead (improve resource utilization efficiency) compared to fully orthogonal PUCCH between macro and RRH. In this case, although the macro cell and RRH use the same RS sequence group, the interference at the RRH from the macro UEs may not be significant due to increased pathloss to the RRH. These mechanisms to coordinate PUCCH resources are already supported in Rel-10 and should be considered baseline with any proposed PUCCH enhancement demonstrating benefits over baseline operation.
Proposal 3: 

· Enhancements to PUCCH should demonstrate benefit over Rel-10 supported PUCCH coordination mechanisms.
2.4 Uplink TA, Numerology/Subframe Enhancements
Rel-8/9/10 uplink supports normal and extended CP which is independently configured from the downlink CP. For homogenous network CoMP scenario 1 and 2 with similar Tx power, UL CoMP is expected (with realistic assumptions) to primarily benefit cell-edge UEs which are typically at similar propagation delay distance from the intended reception points (with Joint Reception (JR) CoMP scheme) and thus Rel-8/9/10 TA mechanisms are considered adequate. For HetNet CoMP scenarios 3 and 4 relatively large delay difference (channel delay spread + relative delay greater than normal CP) can occur to intended reception points. For such deployment scenarios, benefits of configuring extended CP can be considered.  It may also be possible with appropriate timing advance to use different uplink-downlink frame timing offset for RRH relative to macro cell.  Receiver enhancements can be employed to combine un-corrupted CP portions (of extended CP) with the useful portion of the symbol to improve receive signal quality and reduce effective CP overhead.
Proposal 4: 
· Extended CP is considered baseline for scenarios with relatively large delay difference between intended reception points. Any proposed enhancements to support JR CoMP operation should consider receiver processing enhancements to improve receive signal quality and reduce effective CP overhead.
3   Conclusions

In this contribution, we discuss some of the potential UL CoMP enhancements and their standardization impact for Rel-11 considering the four CoMP scenarios agreed in the CoMP SI.
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