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1. Introduction

One objective in the study on small cell enhancements is to discover potential enhancement for improved spectral efficiency. UE-specific RS reduction is regarded as a candidate to improve spectral efficiency. This contribution provides our views on this topic.

2. Discussion on UE-specific RS reduction
UEs served by small cell are expected to suffer from low pathloss and therefore enjoy better channel gain. In addition, small cells have smaller cell coverage compared to typical macro cell. Low mobility UEs work well under small cell while high mobility UE should be prevented from small cell due to potential frequent handover/cell-reselection. As a result, the small cell enhancement should focus on UEs having the following two properties:

1. high SINR

2. low mobility

Based on these two properties, UE-specific RS reduction seems to be a reasonable approach to achieve improved spectral efficiency. UE-specific RS reduction can be implemented in different ways. In the following discussion, we share our views on different methods for UE-specific RS reduction.
2.1 UE-specific RS Reduction on Frequency Domain
Considering that small cells are often deployed in the hotspot area, lower delay spread may be expected in some scenarios (e.g. indoor deployment). In [1], EPA is used as the channel model for evaluation. The delay spread and the maximum excess tap delay of EPA are far lower than other channel models (e.g. EVA, ETU). Lower delay spread leand to larger channel coherence bandwidth. With larger channel coherence bandwidth, reasonable UE-specific RS reduction on frequency domain can bring improvement on spectral efficiency. The possible reduction patterns are depicted in fig.1. The current 3 subcarriers/RB DMRS pattern can be reduced to 2 subcarriers/RB or 1 subcarrier/RB. Although both of these two reduction patterns seem to be possible, it should be noted that DMRS reduction may have some impact on the interference measurement and the implementation of MMSE-IRC receiver. For the same reason, new DMRS patterns which shares different REs from the current DMRS pattern should be prevented.
Observation 1: New UE-specific RS pattern which shares different REs from the current DMRS pattern for UE-specific RS reduction should be prevented. Having either 2 subcarriers/RB or 1 subcarrier/RB UE-specific RS reduction instead of having both options will facilitate the implementation of MMSE-IRC receiver.
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(a) No reduction                    (b) 2 subcarriers/RB                    (c) 1 subcarrier /RB
Figure 1 UE-specific RS reduction on frequency domain
2.2 UE-specific RS Reduction on Time Domain
Considering that small cells are often deployed in the hotspot area, low mobility UEs (e.g. 3 km/h as in [1]) experience more time-invariant channel. With larger channel coherence time, reasonable UE-specific RS reduction on time domain can bring improvement on spectral efficiency. The possible UE-specific RS reduction patterns on time domain is depicted in fig.2. The current DMRS pattern can be reduced to only the first time slot or only the second time slot. However, with UE-specific RS reduction on time domain, the length-4 orthogonal sequence cannot be used on UE-specific RS anymore. As a result, when transmission rank is larger than 4, UE-specific RS cannot be reduced on time domain. However, when more than 4 antenna ports are used, high rate is achieved and it seems not that necessary to have UE-specific RS reduction on time domain. Instead, UE-specific RS reduction on frequency domain can be used. As mentioned above, it is also reasonable to have only one reduction option to facilitate the implementation of MMSE-IRC receiver.
Observation 2: When transmission rank is larger than 4, UE-specific RS cannot be reduced on time domain. However, when more than 4 antenna ports are used, high rate is achieved and it seems not that necessary to UE-specific RS reduction on time domain. Instead, UE-specific RS reduction on frequency domain can be used.
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(a) No reduction               (b) Only the first time slot DMRS     (c) Only the second time slot DMRS
Figure 2 UE-specific RS reduction on time domain
2.3 UE-specific RS Reduction Combined with Multi-subframe Scheduling
In additional to UE-specific RS reduction, using multi-subframe scheduling [2] provides other possibilities for improved spectral efficiency. Considering time-invariant channel, it is also valid to utilize multi-subframe scheduling to reduce downlink control signaling by using one DCI message with the legacy DCI format to schedule PDSCH transmission for multiple consecutive subframes. Multi-subframe scheduling can be combined with UE-specific RS reduction to obtain better channel estimation performance. 
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Figure 3 UE-specific RS reduction combined with multi-subframe scheduling
When multi-subframe scheduling is applied, channel interpolation utilizing UE-specific RS from past subframes can be achieved since the scheduled PRB pairs and the corresponding precoding vectors can be assumed to be the same among the consecutive subframes. Therefore, more precise channel estimation can be achieved and performance loss due to UE-specific RS reduction can be alleviated. Fig.3 shows an example of the combination of UE-specific RS reduction and multi-subframe scheduling. The UE-specific RS in the first subframe is not reduced since there are no UE-specific RS from past subframes can be utilized. The rest subframes can utilize the UE-specific RS REs from past subframes for channel interpolation. More UE-specific RS reduction can be applied on the last several subframes since more past subframes can be utilized for channel interpolation.
Observation 3: UE-specific RS reduction combined with multi-subframe scheduling can alleviate the performance loss due to RS reduction.
3. Conclusion
In this contribution, we provide our views on UE-specific RS reduction for improved spectral efficiency under small cell deployment. We provide three different implemented ways of UE-specific RS reduction: UE-specific RS reduction on frequency domain, UE-specific RS reduction on time domain and UE-specific RS reduction combined with multi-subframe scheduling. These three different ways can be combined or implemented respectively. Some observations are summarized as below:
Observation 1: New UE-specific RS pattern which shares different REs from the current DMRS pattern for UE-specific RS reduction should be prevented. Having either 2 subcarriers/RB or 1 subcarrier/RB UE-specific RS reduction instead of having both options will facilitate the implementation of MMSE-IRC receiver.
Observation 2: When transmission rank is larger than 4, UE-specific RS cannot be reduced on time domain. However, when more than 4 antenna ports are used, high rate is achieved and it seems not that necessary to UE-specific RS reduction on time domain. Instead, UE-specific RS reduction on frequency domain can be used.
Observation 3: UE-specific RS reduction combined with multi-subframe scheduling can alleviate the performance loss due to RS reduction.
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