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Discussion / Decision
1.
Introduction
In this contribution, we discuss on enhancements for improving the spectral efficiency in small cells as suggested in SID [1]:
· 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.

· Enhancements and overhead reduction for UE-specific reference signals and control signaling to better match the scheduling and feedback in time and/or frequency to the channel characteristics of small cells with low UE mobility, in downlink and uplink based on existing channels and signals. 

In particular, we discuss on methods to decrease the overhead due to uplink reference signal (RS) sequences. 
2.  Uplink RS Overhead Reduction in Small Cells
Small cells are characterized by a number of specific radio propagation properties. Since the cell radius of small cells is typically much smaller than the radius of macro cells, the radio propagation loss is also much smaller in small cells. Similarly, it appears that the delay spread of the channel is also much smaller in small cells and, hence, the coherence bandwidth of the channel is correspondingly larger. In addition, it may be safe to assume that the vehicular speed of UEs served by small cells is relatively small. All these channel properties stemming from the geometry of small cells may be utilized in increasing the spectral efficiency of the network employing small cells.
One efficient method to increase the spectral efficiency is to reduce the overhead due to reference signals. In uplink, due to limited vehicular speeds of UEs and increased coherence bandwidth of the radio channel, the density of RS may be reduced both in time and in frequency. Maybe the most straightforward approach is to drop the second DM RS symbol in a subframe when circumstances are appropriate. However, such a dropping scheme and related control mechanism should be carefully designed so that a fallback to existing scheme and, for example, a successful multi-user (MU) pairing with legacy UEs can be guaranteed. 

We studied the feasibility of dropping the second DM RS in a subframe via system level simulations. The simulation model was built to comply with the assumptions proposed in [2-3]. In addition, we made the following additional assumptions: proportional fair (PF) scheduler, realistic channel estimator
 as well as covariance matrix estimator in the case of IRC for demodulation purposes via DM RS and for frequency selective scheduling and link adaption purposes via SRS, 1 Tx and 2 Rx (cross-polarized) antennas, adaptive bandwidth and modulation and coding set (MCS) selection, and incremental redundance HARQ. Both MMSE-IRC and MMSE-MRC receivers were considered in simulations. Additionally, 8% EVM on transmitted signal was modeled. In particular, we simulated the cell edge and cell average throughput values in dense scenario 3 with finite buffer FTP traffic model. Decision on dropping one of the DM RS symbols for a UE was made on basis of selected modulation scheme according to link adaption algorithm. In particular, if the selected modulation scheme for a UE was 64 QAM then the second DM RS symbol was dropped and used for PUSCH instead, otherwise the both DM RS symbols were transmitted by the UE. It should be noted however that this is by no means an optimal decision algorithm and therefore other options should also be studied in going forward. The additional REs on PUSCH were used to increase coding.
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Figure 1. SINR cdf for dense scenario 3.

In Figure 1, SINR cdf is shown for MMSE-IRC with 2 DM RS.  According to the shown simulation results, SINR distribution faced on dense scenario 3 is high enough to expect gains from DM RS reduction. The throughput gain obtainable via dropping one of the DM RS symbols for UEs with high enough SINR were observed to vary in range of 3% - 17%  both for 5%-tile and average UE throughputs, depending on the assumed receiver as well as on the offered load (ranging from 96 Mbit/s to 160 Mbit/s). Coding gain achieved with DM RS dropping was observed to shift allocated MCS distribution upwards towards higher MCS values. For example, step from MCS 27 to MCS 28 increases TB size about 15% to 20%, depending on exact PRB allocation. Use of larger TB sizes reduced packet transmission times, reducing in turn the number of UEs to be simultaneously scheduled. Average number of simultaneously scheduled UEs was reduced about 4% for 96 Mbit/s offered load, allowing for wider PRB allocations. Wider PRB allocations improved also 5%-tile UE throughput.  
Observation 1: According to initial simulation results, the dropping of the second DM RS symbol in a subframe for UEs with high SINR gives high enough gain to justify more thorough evaluation.
Proposal 1: Feasibility of dropping the second DM RS symbol in a subframe and associated control mechanics should be further studied.
 In addition, the density of RS may possibly also be reduced in frequency but, in that case, a careful analysis is needed to guarantee that the achievable gain in spectral efficiency is properly balanced with the efforts to standardize the feature. In regard to DM RS and SRS signals in an uplink subframe structure, the channel properties of small cells may open up new possibilities in accommodating the DM RS and SRS signals fully or partially into the same time-frequency resources. Again, such approaches should be carefully analyzed so that the gain is properly balanced with the required efforts in standardization and that the backwards compatibility is always guaranteed. In overall, there seems to exist interesting opportunities in reducing RS overhead in small cells but more analysis and performance simulations are  needed in going forward. 
3.  Summary
In this contribution, we shortly discussed about possibilities to reduce the overhead due to uplink reference signals in small cells. We conclude that promising approaches can be recognized but more analysis and performance simulations are needed in going forward. Specifically, we made the following observation and proposal:
Observation 1: According to initial simulation results, the dropping of the second DM RS symbol in a subframe for UEs with high SINR gives high enough gain to justify more thorough evaluation.
Proposal 1: Feasibility of dropping the second DM RS symbol in a subframe and associated control mechanics should be further studied.
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� In simulations, normal link simulation modeling was embedded to the system simulator. 





