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1 Introduction

This contribution focuses on SRS enhancements targeting both UL and DL CoMP support. Improvements to configuration flexibility and power control are both addressed by this paper, also taking into account the discussion in RAN1#68bis in Jeju [1]:
R1-121859           Way forward on SRS power control, 
· Rel-11 UE supports an aperiodic SRS PC process tied to a PUSCH PC process.

· Rel-11 also supports one aperiodic SRS PC process with separate UE-specific setting for the following parameters:

· Open-loop parameters (reference transmit power and path loss compensation factor a) 

· Reference of pathloss 

· CSI-RS based pathloss estimation is supported.

· TPC command f(i)

· Semi-static power offset
R1-121882           Way forward on SRS power control Enhancement
· SRS PC is linked to PUSCH PC (mechanism as in Rel-10) with an increased range of the power offset value P_SRS_offset(m), where m = 0,1,...,N-1 

· The combination of an aperiodic SRS with one power level, and a periodic SRS with another power level, is used to serve DL and UL measurement purposes, respectively.

· This is achieved by the network RRC signaling of power offset values (if N=2 is supported as in Rel-10)

· Link between periodic SRS PC with either DL or UL case depends on network implementation 

FFS: aperiodic SRS PC are combined for DL and UL needs via link between the power offset value P_SRS_offset and SRS parameter set and N>2 

Conclusion:  

Continue discussion.  Companies are encouraged to come up with a harmonized proposal, based on the commonality identified between these two WFs. 
2 SRS Configuration Flexibility
Especially for hetnet deployments, different UEs may target different reception points for UL CoMP operations. Considering support for both joint reception at different points and UL point selection (typically at the reception point associated with lowest path-loss), it seems preferable to let the network configure various sets of orthogonal SRS resources and assign different UEs to each set. The different sets may be multiplexed, e.g., in time domain, in frequency domain or by different combs. Within each set, CS and comb may be employed to orthogonalize UEs. In order to enable the above application, it is desirable to assign SRS base sequences in a UE-specific fashion.
Another application where UE-specific SRS base sequences are beneficial is for CoMP scenario 4, where assigning different base sequences to UEs close to their respective reception point may enhance the overall SRS network capacity by area splitting gain. The complexity of coordinated assignment of SRS parameters between macros and picos would also be reduced by enabling differentiation of SRS base sequences and consequently enhanced inter-SRS interference reduction.

Proposal
· Enable UE-specific configuration of SRS base sequences
3 SRS Power Control

For UL link adaptation purposes, SRS coverage is in principle the same as for PUSCH. Therefore, the current power control mechanism based on transmitting SRS with the same power level as PUSCH, possibly adjusted by a semi-static power offset, seems to be sufficient for link adaptation purposes.

On the other hand, SRS should support DL CoMP TDD applications where the potential DL transmission points may experience significantly larger path loss than UL reception points. It can be observed that path loss may vary dynamically and independently for the DL and UL links for the same UE. While the UL path loss variations are compensated by the PUSCH closed loop PC mechanism, the network has no means to dynamically adjust SRS power control and follow channel variations. A particularly challenging scenario is described in Figure 1, where a UE served in the UL by the pico and in DL by the macro is moving towards the pico node. The network dynamically reduces the PUSCH power, in order to avoid excessive interference and optimize UE power consumption, with the consequence that SRS coverage at the macro node is lost. 
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Figure 1: Example of DL CoMP application where legacy SRS PC is ineffective.
Observation:
· Legacy SRS power control is not suitable for reciprocity-based DL CoMP applications
During RAN1#68bis in Jeju, two ways forward [2][3] were proposed, both targeting the above problem. Besides addressing the same problem, another common aspect is the recognition of the advantage of additional freedom in PC for SRS as compared to PUSCH. While [2] attempts to address the root of SRS PC problems by enabling correct path loss estimates for open loop PC (based on CSI-RS), combined with an SRS specific TPC process, [3] proposes the extension of the semi-static power offset for SRS, as compared to PUSCH. Furthermore, [3] proposes the introduction of additional PC offsets (if N>2), even though it is not clear how such additional offsets would be associated to existing SRS configurations. A meaningful disadvantage of [3] is the inability to achieve fast PC fluctuations, independently if such fluctuations are needed because of abrupt changes in path loss (as it often happens in urban deployments, even at pedestrian speed) or because of interference variations. Furthermore, the specification impact might not be negligible if N>2 is agreed for [3].
Based on the above considerations, [2] appears as a clearly preferable solution. However, considering the limited time left for standardization of Rel-11 and that CSI-RS based path loss estimates seems to be the most controversial point, the following way forward seems reasonable:

1. Introduce Type 1 SRS specific closed-loop TPC;
2. Consider CSI-RS based PC enhancements (for all UL Physical Channels) in a future LTE release.

Proposal:
· Introduce Type 1 SRS specific closed-loop TPC
· Consider CSI-RS based PC enhancements (for all UL Physical Channels) in a future LTE release
4 Summary

This paper addresses UL SRS enhancements in Rel-11. The following observations and proposals are drawn:
Observations:
· Legacy SRS power control is not suitable for reciprocity-based DL CoMP applications
Proposals:
· Enable UE-specific configuration of SRS base sequences

· Introduce Type 1 SRS specific closed-loop TPC
· Consider CSI-RS based PC enhancements (for all UL Physical Channels) in a future LTE release
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