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1. Introduction

In RAN1#66bis, it was agreed to study the following areas in order to support uplink CoMP [1]:

· Potential areas of standard impact in support of UL COMP includes:

· Uplink power control

· Uplink DMRS and SRS

· Uplink control

· Uplink timing

· Impact of legacy UE should be taken into account 

In this contribution, we discuss our views on SRS enhancements for Release 11.  Our views on uplink SRS power control are discussed in a companion contribution [2].
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 can be significantly degraded due to a combination of the SRS signal typically arriving at a lower relative power level at least in a homogeneous network 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 based on virtual cell ID is supported.
3. 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.

\

Numerous contributions have been presented in past meetings that demonstrate the benefits of multi-shot sounding for power-limited UEs.  The main argument against multi-shot sounding is that it requires the eNB to look at future subframes to determine whether the appropriate resource is vacant before triggering the multi-shot transmission, thus increasing eNB complexity.  However, this is not necessarily the case.  Since aperiodic SRS transmissions are scheduled on a subframe-by-subframe basis, the eNB only has to contend with existing periodic assignments in future subframes.  If narrowband frequency hopping is supported for aperiodic SRS using a similar set of parameters as that used for periodic SRS, then the eNB can easily configure each of the 3 or 7 aperiodic configurations to match an existing periodic hopping pattern, and thus, the eNB will know that if the corresponding periodic resource is vacant for the first transmission, then it is also vacant for the remaining N-1 transmissions.  

Proposal:

· Multi-shot aperiodic sounding of duration N is supported.

4. 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 based on virtual cell ID is supported.
· Frequency-hopping should be supported for aperiodic SRS.

· Multi-shot aperiodic sounding of duration N is supported.

5. References

[1] Chairman’s notes, RAN1 #66bis
[2] R1-122728, “Views on SRS power control enhancements”, Research in Motion, 3GPP RAN1#69, Prague, Czech Republic, May 21-25, 2012
[3] R1-104920, “Additional Simulation Results on Aperiodic SRS with Configurable Durations”, Research In Motion, 3GPP RAN1#62, Madrid, Spain, Aug 23-27, 2010.

[image: image1.jpg]


























































































































































2

