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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 observations raised by several companies during the related email discussion on the RAN1 reflector [1] and during previous meetings [2-6].
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 different sets of orthogonal SRS resources, typically targeting different sets of reception points. 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 SRS resources. 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
A further aspect to be considered is that SGH is currently jointly enabled/disabled for SRS, DMRS and PUCCH RS. Considering the application of inter-cell DMRS orthogonality, the number of cell-edge UEs disabling SGH is expected to grow, leading to unnecessarily degraded interference randomization for PUCCH and SRS. It is thus convenient to allow independent (de)configuration of SGH for DMRS and PUCCH/SRS. Cell-specific RRC (de)configuration of SGH for SRS/PUCCH seems to be sufficient for most applications.
Proposal
· Enable decoupled configuration of SGH for DMRS and SRS/PUCCH
3 SRS Power Control

For 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
In order to avoid the above problem, the following solutions are identified:
1. Decouple closed-loop power control for SRS and PUSCH;
2. Introduce an additional PC process for SRS and an additional SRS configuration for DL CoMP support. OL PC for the additional configuration is based on CSI-RS.

The main advantage of the solution 2) is that it does not require in principle dynamic signaling of PC corrections. The specification impact of solution 1), on the other hand, is relatively modest.
Considering the deadlines for Rel-11 it may be reasonable to introduce solution 1) in Rel-11 and consider CSI-RS based PC enhancements (for all UL Physical Channels) in a future release.

Proposal:
· Decouple closed-loop power control for SRS and PUSCH.

4 Multiple SRS Configurations

Some companies observed that it might be beneficial to introduce additional SRS configurations, especially in order to support TDD DL CoMP, the main argument being interference and energy consumption reduction. These advantages seem to be available when a UE is configured to transmit sparse high-power SRS (for reciprocity) and significantly more frequent low power SRS (for UL link adaptation). However, it is not clear if sparse transmission of SRS for DL CoMP is actually beneficial for reciprocity.
Another application scenario consists of sparse UL and DL traffic, where the SRS power should be rapidly adapted depending on the direction of the traffic burst. 

Both these applications would be best addressed by adjusting the power for the second periodic SRS configuration to CSI-RS transmitted from the DL transmission point(s). The use case for multiple Type 1 SRS configurations, instead, is not obvious.

In general, it is not clear if the advantages connected to multiple SRS configurations are sufficient to justify standard changes. Fixing SRS power control for the basic applications as discussed in Section 3 appears as a topic with higher priority.
Observation:
· It is not clear if the applications of multiple SRS configurations justify the related standard changes
· Multiple Type 0 SRS configurations seem to be of higher relevance than multiple Type 1 configurations 

Proposal:
· Prioritize basic SRS PC correction as discussed in Section 3
· Consider the introduction of multiple SRS configurations as a lower priority topic
5 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
· It is not clear if the applications of multiple SRS configurations justify the related standard changes
· Multiple Type 0 SRS configurations seem to be of higher relevance than multiple Type 1 configurations 
Proposals:
· Enable UE-specific configuration of SRS base sequences

· Enable decoupled configuration of SGH for DMRS and SRS/PUCCH
· Decouple closed-loop power control for SRS and PUSCH.

· Prioritize basic SRS PC correction as discussed in Section 3
· Consider the introduction of multiple SRS configurations as a lower priority topic
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