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1. Introduction
In order to support LTE-Advanced components such as up to eight layer MIMO and COMP, there seems to be a need for additional reference signals (RS). Although the details of the RS design still require further study, the agreed way forward in [1] gives a rough outline of possible options to consider. There is clearly a need for progressing the issue further and narrowing down the scope and number of options which are still open for consideration. Progress on RS design is important not only on its own for the pending ITU submission, but also since it has substantial impact on several other topics such as DL MIMO [2] and COMP.

2. RS Design Guidelines

The remainder of this section discusses various aspects of RS design in an attempt at arriving in a framework for a RS design that could be viewed as a baseline for further work and refinements. 
2.1. Requirements on Accuracy for Measurements and Demodulation

Reference signals fundamentally serve two purposes – measurement and demodulation. Measurements in the present context refers to the measurement by the UE in the downlink for the purpose of conveying channel state information  (CSI) to the eNodeB via a feedback link.  CSI potentially includes CQI, PMI, RI as in Rel-8 but may also correspond to more direct channel quantization feedback.  Ultimately the feedback signaling is supposed to track the channel variations over time and frequency but in practice sacrifices in terms of the resolution in time and frequency have to be made in order to limit signaling overhead, keeping in mind that quantization errors have a tendency to anyway be masked in estimation noise, receiver/transmitter impairments, non-predictable interference and feedback delay. Thus, it is reasonable to expect that measurements imply rather loose requirements on accuracy. This is in contrast to demodulation where the receiver has to be able to reliably distinguish different points in the signal constellations for each individual resource element belonging to the PDSCH. The possibility to trade-off of frequency-time resolution for overhead reductions is therefore much more limited when demodulation is performed. Separate RS designs for demodulation and measurements therefore appear as an attractive strategy in order to optimize each for their intended use.

Proposal:

· Separate the RS design into measurement RS and demodulation RS

· Relatively sparse RS pattern for measurements and denser for demodulation RS

2.2. Exploiting Low Mobility

Rel-8 already offers high capacity and efficient use of wireless resources for a wide range of scenarios. As we evolve to LTE-Advanced, it is therefore only natural that we have to consider more specific scenarios in order to substantially beat the performance of Rel-8. The exploitation of sufficiently accurate CSI at the eNodeB seems to be a common denominator of many schemes for COMP and DL MIMO. If at the same time signaling overhead is to be maintained at reasonable levels, something has to give in. Relying on the time correlations of the channel and thus striving for accurate coherent channel knowledge primarily in scenarios with low mobility appears as a reasonable compromise. In particular, the design needs to be flexible and not enforce a large signaling overhead in all scenarios just because higher mobility levels cannot be ruled out. Thus, there is an opportunity for reduced RS density in general and in particular for the measurement RS which are not necessary to transmit in every subframe.

Proposal:

· Investigate reduced RS density in general

· Measurement RS not necessarily transmitted in every subframe

2.3. Overhead versus Benefits – “Pay for your Own Benefits”

The UEs in a cell experience different channel conditions and there are hence strong benefits of tailoring the transmission configuration to each individual UE. However, only a small portion of the UEs usually benefit from a certain transmission state. An example of the latter is rank adaptation in a highly loaded network where relative few UEs are able to benefit from higher rank transmissions while the majority of UEs are on the cell edge supporting only a single layer. In this case, the design of the system should make sure that the optimization of the performance of the high rank UEs has a minimal negative impact on the performance of the other UEs. This points towards the principle of letting each UE pay the signaling overhead associated with a transmission configuration only if that UE uses and thus benefits from said configuration. This principle is of rather general applicability and seems to become more important as we evolve towards LTE-Advanced with an increasing focus on optimizing the performance by taking advantage of each UEs particular channel conditions with support of up to 8-layer spatial multiplexing. This clearly speaks in favor of UE specific RS for demodulation, which allows the number of RS to be tailored to the specific needs of each UE. Since the measurement RS pattern is used providing CSI regardless of transmission configuration, it should be applicable to a larger number of UEs and is thus appropriate to make cell-specific. 

Proposal:

· UE specific RS for demodulation

· Cell specific RS for measurements

2.4. Range of Applicability – Single Design Methodology

LTE-Advanced is envisioned to support both higher order COMP as well as higher order MIMO with support of up to eight layer spatial multiplexing. Within COMP a number of different techniques are possible and the preferred technique may very well depend on the scenario and type of communication capabilities between the sites, ranging from remote radio heads over fiber being fed coherent I/Q data from a central node of processing to support joint processing to slower types of coordination between separate eNodeBs over X2 interface. Standardizing a scheme in detail for each and every scenario and application not only appears like a formidable task from a standardization point of view, but also risks limiting the implementation flexibility and capability to cope with unforeseen deployment types, antenna configurations and issues out in field. Allowing the UE specific RS to be precoded makes the transmission method transparent to the UE and thus offers maximal implementation flexibility and a wide range of applications. This would build on the already accepted concept of precoded UE specific RS already present in Rel-8. In addition, it would provide natural support of a number of antenna configurations, including closely spaced pairs of cross-polarized antennas allowing dual-layer beamforming.

Proposal:
· Precoded UE specific RS for demodulation for wide applicability

2.5. Impact on Rel-8 UEs

It is important that LTE-Advanced is designed in such a manner that features can be introduced in a gradual manner without significant negative impact on Rel-8 UEs which will be present in the system for many years to come. 

Proposals on dividing the resources into one part serving LTE-Advanced UEs and another part serving Rel-8 UEs have been made in order to avoid collisions of RS intended for LTE-Advanced with resource elements used for PDSCH serving Rel-8 UEs. Such a strategy however appears to impose a rather undesirable resource split not suited to the highly dynamic traffic patterns encountered in practice, and should thus to a great extent be avoided. The dense RS patterns needed for demodulation would have a major impact on Rel-8 UEs is they were made cell specific. In contrast, UE specific demodulation RS can easily be introduced without affecting Rel-8 UEs since the RS are contained inside the PDSCH allocated to the LTE-Advanced UE of interest. The measurement RS is relative sparse and only needs to be transmitted relatively infrequently due to the possibility of exploiting time correlation of the channel. Thus, if it is deemed necessary to design measurement RS so that PDSCH transmissions of Rel-8 are to some extent hit by interference from this new RS, the sparseness and the long transmission periodicity of the measurement RS would substantially reduce the negative impact on Rel-8 UEs.

Observation:

· UE specific RS for demodulation easy to introduce without negative impact on Rel-8 UEs

· Negative impact from measurement RS can be made small by exploiting sparseness and large coherence time of low mobility scenarios 

2.6. Long-term Impact on LTE-Advanced UEs due to support of Rel-8 UEs
Just as any negative impact of LTE-Advanced features on Rel-8 UEs should be kept small, it is also important to make it possible to keep any negative impact due to maintaining support for Rel-8 UEs to a minimal level in scenarios in which LTE-Advanced features such as COMP are clearly favorable over more conventional transmission techniques and where all, or at least a clear majority of UEs, support the desired LTE-Advanced features. Such an absence of Rel-8 UEs may be the case if frequency bands specific to LTE-Advanced UEs are introduced. In addition, as time passes and Rel-8 UEs are slowly phased-out, it allows LTE to be further optimized in scenarios which are fundamentally friendly towards LTE-Advanced features. In such scenarios, cells could for example be configured for only a single cell-specific Rel-8 RS in order to maintain support of BCH and PDCCH, and PDSCH could rely solely on the new RS design for LTE-Advanced. Note however, that benefits of LTE-Advanced components are likely to be heavily scenario and deployment dependent and thus Rel-8 based technologies are expected to remain useful also in the long-run. 

Proposal:

· Possibility to minimize overhead associated with support of Rel-8 UEs in order to in the long run optimize LTE for scenarios in which LTE-Advanced components are particularly beneficial

3. Conclusions
This contribution outlines some guidelines for the design of reference signals for LTE-Advanced targeting the need to establish a more concrete framework for the further work. Based on the discussion on guidelines above, it is therefore proposed to agree on 

· Sparse cell specific measurement RS and a denser precoded UE specific RS

as a baseline framework for the RS design.
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