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1. Introduction

In RAN1#68, it was agreed that there would be no enhancement to uplink power control for LTE Rel-11 [1], at least as far as PUCCH/PUSCH is concerned.  With respect to SRS, it was agreed to continue discussion of the need for power control and other design enhancements via email until RAN1#68bis, considering issues such as:

· Support of separation of DL and UL association points

· Relation to the PUCCH/PUSCH PC, especially for scenario 4

· Scenarios where CRS is transmitted in an SFN fashion

In this contribution, we discuss our views on these and other issues.
2. Additional Mechanisms to Achieve Inter-point Orthogonality

Under the current Release 8/9/10 methodology, the dominant source of interference for SRS reception at the serving cell is typically out-of-cell transmissions, since the use of various combinations of time, frequency, and code-division multiplexing largely maintains orthogonality between the SRS transmissions of multiple intra-cell UEs.  In order to better support UL CoMP, it is desirable to obtain accurate channel estimates for a particular UE at each of the reception points in the UL CoMP coordinating set.  However, under the current methodology, the CSI estimation obtained at each of the non-serving reception points is significantly degraded due to a combination of the signal typically arriving at a lower relative power level compared to the UL SRS transmissions that are intra-cell to these secondary reception points, along with the fact that each of the intra-cell SRS transmissions are non-orthogonal to the signal due to their use of a different base sequence.
There does currently exist methods of mitigating this problem under the current Rel 8/9/10 framework.  One potential solution is the use of successive interference cancellation at the secondary reception points, while a second solution is to simply time-division multiplex the SRS transmissions in each of the neighbor cells and use the primary serving cell’s base sequence during the SRS detection and channel estimation at each of the secondary cells in the CoMP coordinating set.
A third solution for enabling interpoint orthogonality employs the use of UE-specific base sequence assignments for SRS transmissions.  While the exact capabilities of such a technique would depend upon the eventual implementation details, one could easily envision the use of two base sequences—one for interpoint orthogonality and one for single point orthogonality—in order to provide the desired interpoint orthognality capability, while also providing the ability to at least partially maintain the existing uplink sounding capacity.  In our view, the TDM multiplexing solution based on the current Rel 8/9/10 specification largely provides the same inter-point orthogonality benefits with no added standardization effort. However, we do see UE-specific base sequence configuration of SRS transmissions as a mean of supporting CoMP Scenario 4, where it would be advantageous to assign different base sequences to UEs in the vicinity of different RRHs for area splitting purpose.
Proposal:

· The ability to configure SRS base sequence indices not based wholly on cell ID is supported.
3. SRS Power Control Enhancements
As discussed via email since RAN1#68, the potential support of separate DL and UL association points, along with the impact of SFN CRS transmission in scenario 4 introduce the possibility that enhancements may be appropriate to the UL SRS power control process.  
Regarding the support of separate DL and UL association points, the two main enhancement options being discussed are:

· Option 1: SRS power control is linked to the power control of PUSCH (as in Rel-10) with an increased range of the power offset value P_SRS_offset

· Option 2: Introduce an additional power control process for DL CoMP in addition to the power control for UL CoMP reception where the additional power control process may or may not be tied to the power control of PUSCH through an offset value.
In our view, the ability to specify the reference signal (e.g., CRS or CSI RS) used for pathloss measurements, along with Option 2, would be the more-desirable approach and should be investigated further.  Similarly, this enhancement would also be beneficial for eliminating the pathloss bias for uplink transmissions due to SFN CRS transmission in scenario 4.
Proposal:

· The use of CSI RS for pathloss measurement should be investigated further.
4. Frequency-Hopping Support for Aperiodic SRS 
In Release 10, aperiodic SRS was supported in order to provide more efficient utilization of the sounding resources.  However, unlike the case of periodic sounding, no support for frequency hopping was provided for aperiodic SRS, consequently resulting in diminished performance for power-limited UEs.  In our view, the potential support of separate DL and UL association points and the need to obtain CSI at additional CoMP coordinating cells has the potential to increase the occurrence of UE power limiting, and frequency hopping should be supported for Release 11. 

Proposal:

· Frequency-hopping should be supported for Aperiodic SRS.

5. Conclusion
In this contribution, we have provided our views on several potential SRS enhancements for Release 11.  Consequently, we propose the following:
Proposals:

· The ability to configure SRS base sequence indices not based wholly on cell ID is supported..
· The use of CSI RS for pathloss measurement should be investigated further.

· Frequency-hopping should be supported for aperiodic SRS.
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