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Introduction
In RAN#58, the following objectives were agreed as part of the Small Cell SI:
· Study potential enhancements to improve the spectrum efficiency, i.e. achievable user throughput in typical coverage situations and with typical terminal configurations, for small cell deployments, including
· Introduction of a higher order modulation scheme (e.g. 256 QAM) for the downlink.
· Overhead reduction for reference signals, control signals and feedback in downlink and uplink based on existing channels and signals. 
Currently, the overhead of UE specific reference signals is at least 7% for ranks 1 & 2 and 14% for higher ranks. However, such high overhead is not necessary in some small cell scenarios especially for UEs with high geometry. Further, it is also being considered to introduce higher order modulation schemes like 256-QAM to increase spectral efficiency. These are two opposing objectives as 256-QAM modulation scheme requires greater channel estimation accuracy and reducing the UE specific reference signals do not help. Further, small cell deployments are intended for both indoor and outdoor scenarios which may have different power delay and Doppler profiles. As a result, any uniform reduction of UE specific reference signals may not be desirable in all scenarios.
In this contribution, we propose adaptive solutions in which the PDSCH and UE Specific reference signals are mapped adaptively based on the modulation scheme and/or deployment scenario. If the adaptation is based on the modulation scheme, no explicit signaling is required for the UE.
Adaptive Reference Signals
The current design of UE-Specific reference signals involves a fixed mapping of PDSCH and reference signals in a PRB pair as shown in Figure 1.  The high level principle of the proposed design is to have an adaptive and UE-specific mapping of reference signal and data symbols.
Here the adaptation can be
· Modulation Scheme/MCS dependent
· Geometry dependent
· Scenario dependent (Antenna correlation, traffic load, interference control).

The level of adaptation can be either semi-static or dynamic.
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[bookmark: _Toc349028808]Figure 1:  Current UE Specific Reference Signal and PDSCH Mapping for Ranks 1-2

In the current LTE design for TM 8, 9 and 10, the channel estimation within any PRB pair is based on 12 DMRS pilots resulting in a pilot overhead of 7.14% and 14.28% for ranks1-2 and ranks 3-8 respectively. It is well known that QPSK modulation scheme do not have the same channel estimation accuracy requirement as that of 256-QAM.  In the following, we provide examples of how the overhead can be reduced for lower order modulation schemes with little impact to performance.  

Example 1:
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      QPSK and 16-QAM                                                 64-QAM and 256-QAM
Figure 2:  Adaptive UE Specific Reference Signal and PDSCH Mapping for Ranks 1-2






Example 2:
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      QPSK and 16-QAM                                                 64-QAM and 256-QAM
Figure 3:  UE Specific Reference Signal and PDSCH Mapping for Ranks 1-2


The exact design can be optimized based on performance in targeted small cell scenarios. In the following, we provide an example of adaptation based on the deployment which impacts the delay spread of the channel. For example, if the channel is supposed to be less frequency selective, some of the overhead can be removed as shown below.  

Example 3:
[image: ]
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Figure 4:  Adaptive UE Specific Reference Signal based on Channel Delay Spread

Note that the UE needs to be explicitly signaled about the reference signal configuration for this example.
Signaling
For the modulation scheme dependent adaptation, there is no requirement of explicit signalling since DCI carries the modulation scheme information. For other cases, we need to signal the reference signal configuration. For example, a set of PDSCH-reference signal mapping patterns can be created and semi-statically configured. The exact pattern used for the PDSCH mapping can be dynamically indicated. 
For both explicit and implicit signaling, since the signaling is for all the allocated PRBs the reduction in overhead is large and the signaling entails little or no overhead.
Conclusion
In this contribution, we propose solutions for reducing the overhead of UE specific reference signals without compromising performance. Since the small cell deployments consider a variety of scenarios including indoor and outdoor deployments and higher order modulation schemes, any uniform reduction of UE specific reference signals may not be desirable in all scenarios. We provided examples of adaptive reference signal patterns in which the overhead is dependent on the modulations scheme or the type of deployment. For the modulation-scheme dependent reference signal, the adaptation can be done dynamically without any new signaling.
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