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1 Introduction

The SI on multipoint operation [1] targets potential improvements to the UL of LTE based on the following bullet:

· Identify potential standardization impact for UL-CoMP operation and evaluate its performance benefit.
This contribution analyzes and proposes some improvements that should be included in Rel-11 in order to fully support UL-CoMP operations. It complements our more generic contribution on standardization impact of CoMP [5].
2 Enhanced UL Power Control

The path loss term PLc in the open-loop part of the UL PC formula is determined by the CRS associated to the serving DL cell. However, for some UEs the preferred UL reception point(s) does not coincide with the transmission point(s) from which the CRS are transmitted. Such a mismatch typically happens for heterogeneous and CoMP deployments and is influenced by several factors, such as power imbalance between macro/pico cells, limited range extension and imbalance between UL and DL coverage area for certain cells, traffic load at different nodes. In case of heterogeneous deployments, since UL and DL coverage areas typically have irregular shapes the above problem cannot be solved by adjusting the range extension, which would anyway lead to undesirable coupling to DL range extension optimization.

Even though the above problems are common to, e.g., homogeneous CoMP deployments and Scenario 3, PC is challenging also for Scenario 4 where it is difficult to adjust UL PC according to the selected UL reception point(s) for each UE because CRSs are shared over the transmission points within a macro point’s coverage area.

Power control for SRS is based on path loss measurements on the same reference signals set as for PUSCH and the same problems pointed out for PUSCH apply also to SRS PC. However, SRS PC in a CoMP setting appears even more challenging, especially for TDD deployments. Typically, SRS need to be received with sufficient power at all potential DL CoMP transmission points, while PUSCH should typically be received only at UL CoMP reception point(s). By keeping in mind that UL and DL points do not generally coincide due to, e.g., traffic imbalance, processing capacity imbalance and power imbalance between macro, pico nodes and UEs, it appears limiting to tie SRS power control to PUSCH power control.
The above problems may be easily addressed in Rel-11 targeting the roots of such misbehaviors. For example, allowing the eNB to configure the set of reference signals employed by the UE respectively for PUSCH/PUCCH and SRS PC solves the problem with moderate standardization changes.

Additional details about power control enhancements for Rel-11 are provided in [2].

Observations:
· UL PC problems may be solved by enabling configuration of the reference signals used for path loss estimation.

· The set of reference signals for PUSCH/PUCCH PC is independent of that for SRS.
3 Enhanced DMRS Assignment
Rel-11 is expected to support flexible hetnet/CoMP deployments as well as heavier traffic demands compared to Rel-10. The evolution of network equipment (e.g., the increasing number of deployed eNB antennas) and the full support of UL-CoMP increase focus on flexible and efficient MU-MIMO operations. Rel-10 leaves space for improvement especially in multi-cell aspects such as inter-cell orthogonality and scheduling flexibility. 

Orthogonality between UEs belonging to different cells would be highly desirable, e.g., for CoMP Scenario 3 where ideal area splitting is not realistic for tight pico-deployments. Such a potential issue is likely to worsen with increasing cell load and interference.

Another potential issue appears for CoMP Scenario 4 deployments based on shared cell-ID, where DMRS multiplexing capacity based on CS/OCC may be insufficient in case of large (or bursty) network load.

A way to achieve inter-cell orthogonality is the assignment of UE-specific CS-hopping patterns, in order to enable OCC-based orthogonality at cell edge.
An additional aspect is that tying base sequence indexes to the cell-ID leads to a hard and undesirable boundary between RS orthogonality and semi-orthogonality, while a more flexible base sequence configuration possibility would allow convenient transition between orthogonal and semi-orthogonal RSs depending on, e.g., instantaneous traffic and interference conditions.

A simple enhancement for Rel-11 targeting all the above issues is the configuration of one or more additional optional base sequences for each UE. While the configuration of the base sequences may be based on slow RRC signaling, the specific base sequence selected from the subset of configured sequences should be selected in a dynamic fashion, e.g., by UL scheduling grants. This approach has the advantage of simplicity and the potential disadvantage of additional (even though very limited, e.g., 1-bit) signaling overhead.

Alternatively, in case DCI overhead is a concern, the dynamically selected UE-specific base sequence may be implicitly derived from, e.g., the PUSCH BW and starting position in frequency domain.

One application of the above solution is enabling CS/OCC based orthogonality for inter-cell interference and UEs paired on the same BW. At the same time, cross-correlation peaks are avoided for UEs with unpaired BW by assigning them different base sequences.

Another application is enhancement of OCC based orthogonality for MU-MIMO by assigning paired UEs different BWs and avoiding x-correlation peaks as shown in Figure 1 and Figure 2.

In case of high network load the dynamically assigned base sequences may be exploited for increasing DMRS capacity compared to Rel-10 by combining OCC and base-sequence separation.

Additional details about DMRS enhancements for Rel-11 are provided in [3].
Observation:

· UE-specific configuration of CS-hopping patterns is beneficial, especially for Scenario 3

· UE-specific dynamic base sequence assignment is beneficial for all CoMP scenarios.

4 Improvements to Sounding Reference Signals
For the new CoMP evaluation scenarios and especially for shared-ID scenarios the correspondence between cells and reception points becomes inaccurate and even limiting. Furthermore, the coverage borders in the UL and DL may not coincide, e.g., in case of heterogeneous deployments with moderate DL range extensions. A convenient compromise between performance and system load is achieved by dynamically assigning the SRS parameters for exploiting both SRS orthogonality and SRS capacity.

In order to allow flexible configuration of reference signals SRS-related parameters such as, e.g., base sequence index, SRS configuration, frequency hopping pattern, etc., should be configured in a UE-specific fashion.

Additional details about SRS enhancements for Rel-11 are provided in [4].

Observations:

· SRS-specific parameters should be configured in a UE-specific fashion.

5 Summary

This paper initiates the study of OL-MIMO for Rel-11. Based on the discussion the following observations are made:
Observations:
· UL PC problems may be solved by enabling configuration of the reference signals used for path loss estimation.

· The set of reference signals for PUSCH/PUCCH PC is independent of that for SRS.

· UE-specific configuration of CS-hopping patterns is beneficial, especially for Scenario 3

· UE-specific dynamic base sequence assignment is beneficial for all CoMP scenarios.

· SRS-specific parameters should be configured in a UE-specific fashion.
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