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1. Introduction

The work for the “Coordinated Multi-Point Operation for LTE” (CoMP) study item was concluded in RAN1#66 meeting. Although UL CoMP can be supported based on the current Rel-10 specifications, certain areas that can improve the efficiency of UL CoMP deployments were identified during the RAN1#66 meeting. A high-level description of the possible changes for UL CoMP was captured in [1]. 
In this contribution, we present our views on the potential standardization impact for UL CoMP from the perspective of enhancing the reference signals, power control, control signaling, and timing advance schemes for uplink transmission. 
2.  Enhancements to Uplink Reference Signals
For effective UL CoMP operation, it is imperative that the serving and the coordinating points obtain reasonably accurate channel estimates. Two aspects towards this enhancement that we envisage are improving the multi-cell orthogonality of the DM-RS sequences, and increasing the DM-RS user capacity, for both PUSCH and PUCCH reception.
The first issue should be addressed to ensure acceptable channel estimation performance at the serving and coordinating points. According to Rel-10 specifications, some multi-cell orthogonality for DM-RS can be achieved by using planned sequence assignment, for example with semi-static disabling of sequence group hopping (SGH) and assigning the same base sequence to all three cells belonging to a site. However, this would require careful coordinated planning and also introduce some scheduling constraints to ensure that co-scheduled users in different cells are assigned different cyclic shifts (CS). Further, one of the detrimental effects of this approach is that it would cause DM-RS user capacity limitatations, leading to significant scheduling restrictions, especially when considering up to four-user MU-MIMO and/or CoMP Scenario 3 (heterogeneous network deployments with different cell IDs for macro cell and low power RRHs). 
According to Rel-10 specifications, the base sequences for DM-RS and SRS are derived from the cell ID. This would adversely affect the reference signal user capacity for CoMP Scenario 4, wherein the macro cell and the low power RRHs share the same cell ID. The option of supporting user-specific configuration of base sequences should be considered to address this issue.Some of these issues and potential solutions regarding DM-RS design for UL CoMP are presented and analyzed in further detail in [2, 3]. 
To address the need for improved multi-cell orthogonality for SRS, solutions for enhancing DM-RS to provide improved multi-channel orthogonality should be considered with appropriate modifications for SRS. While it may be easier to address the SRS user capacity concerns without changes to the specifications by relying on aperiodic SRS, this may not be a desirable approach for UL CoMP as it would increase the overhead from SRS significantly. Hence, simple extensions to the current SRS design by means of increasing the number of cyclic shifts and/or increasing the level of comb structure should be considered to increase SRS user capacity.
3. Enhancements to Uplink Power Control

Enhancements to the uplink power control mechanism (including the derivation of the pathloss for UL CoMP, and means to ensure sufficient UL signal quality with minimal intra- and inter-cell interference) to support multi-cell reception should be studied. Higher layer signaling to set the uplink power control according to single-cell or CoMP scenarios may be considered. For CoMP Scenario 4, means to improve the pathloss estimation (for instance, simultaneous transmission of CRS by the macro cell and low power RRHs or using other reference signals) should be investigated [4]. Apart from power control for PUSCH transmission, to ensure accurate reception of SRS at the coordinating points, potential enhancements to the power control scheme for SRS should also be studied as part of the CoMP WI.
Based on the analysis in [5], it can be seen that the uplink interference control algorithms that are only based on the pathloss value, such as the FPC used for Rel-8/9/10, are not sufficient for heterogeneous network deployments in general, and leave a lot of room for further study and improvements.
4. Enhancements to Uplink Control Signaling

Potential enhancements to the current PUCCH design should be studied to address two issues: i) high interference levels at the coordinating point for JR CoMP (especially for CoMP Scenario 3 with high CSI payload) that can be expected to severely limit the performance gains from JR CoMP, and ii) inefficient resource utilization for PUCCH if orthogonal PUCCH resources are to be provided within a cell (especially for CoMP Scenario 4).
5. Enhancing the timing advance mechanism for Uplink CoMP
It is well known that the detection performance suffers significantly when the delay spread of the uplink signals fall outside the cyclic prefix (CP). This may be a cause for concern for certain UL CoMP schemes and deployments with large cell sizes. Good timing alignment of the uplink signals becomes imperative to support JR CoMP if signals received at different points are combined first and then decoded jointly. To obtain the maximal gains from UL CoMP, enhancements to the uplink timing advance mechanism (that require minimal standardization efforts) to facilitate efficient JR CoMP, should be studied. 
For the case of CS/CB UL CoMP, the timing advance problem can be handled without any specification change as long as the propagation delay information regarding the link between the UE and the selected CoMP reception point (can be obtained via an aperiodic SRS transmission if required) is available at the serving point (the point transmitting the PDCCH to the UE). 
6. Conclusions

In this contribution, we provide our views on the potential standardization impact of UL CoMP. In our opinion, it is of utmost importance that enhancements (to address the above issues), that require minimal standardization efforts and do not adversely affect Rel-8/9/10 UEs, are identified and adopted to support UL CoMP efficiently in Rel-11. 
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