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1. Introduction
A new study item for small cell enhancements was approved in RAN#58 [1]. Spectrum efficiency improvement is one of the focuses of the small cell enhancements, as described in [2],
· 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.

This contribution aims to provide our considerations on UE-specific RS for the small cell enhancement.
2. DMRS overhead reduction
2.1. Channel characteristics of small cells
Small cells could be deployed indoors or outdoors with the purpose of serving UEs moving not too quickly. For indoor UEs, the UE speed is assumed to be 0km/h ~ 3 km/h. In outdoor scenarios, not only low UE speed, but also medium UE speed (up to 30km/h and potentially higher speeds) is targeted [3]. It is reasonable that Doppler frequency spread of the multipath channel of small cells is normally small. On the other hand, the maximum delay spread of the multipath channel of small cells may be small as well, due to the small coverage of LPNs (Low Power Nodes), especially in the indoor environment.
In Rel-12, small cells could be deployed either with or without macro coverage. Even if small cell coverage overlaps with macro cell coverage, small cells and macro cells are able to be deployed on different frequency bands [3]. Without intra-frequency macro cells, the SINR of the downlink channel of small cells could be high [4].
In conclusion, the communication environment of small cells could be better than that of macro cells.
2.2. DMRS overhead reduction
One PRB pair contains at least 12 DM-RS REs which account for about 7.14% in a RB. If the number of layers is more than 2, the percentage of the DM-RS REs will increase to 14.29%. In Rel-9/Rel-10, when legacy DM-RS was designed, macro cells were mainly considered. In view of the high-quality downlink of small cells, as discussed above, it is possible to reduce the DM-RS overhead to achieve higher spectrum efficiency. For example, if a UE is static the DM-RS could be reduced in the time domain.
The orthogonality of legacy DM-RS is to some extent guaranteed by orthogonal sequences. The DM-RS sequence might be shortened if the DM-RS is reduced which could lead to impaired orthogonality. To minimize the loss of the orthogonality caused by the overhead reduction, and maintain backwards compatibility, the DM-RS sequences on the same RE positions irrespective of DM-RS overhead reduction should be aligned. Therefore, the DM-RS sequences should not be changed and reduced DM-RS schemes should be achieved by puncturing the legacy DM-RS pattern. 
The DM-RS overhead reduction is double-edged. On one hand, the reduction can increase the number of REs able to carry PDSCH or ePDCCH. On the other hand, it can also degrade the channel estimation performance. To evaluate considering these two aspects, ‘throughput’ would be a proper metric. ‘MSE’ of channel estimation is probably another useful metric to compare different DM-RS overhead reduction schemes for a given overhead reduction, but does not directly relate to system performance.
Proposal 1: To minimize the loss of the orthogonality caused by the overhead reduction, the DM-RS sequences should not be changed and reduced DM-RS schemes should be achieved by puncturing the legacy DM-RS pattern.
Proposal 2: Take ‘throughput’ as the metric to evaluate DM-RS reduction schemes.
3. DM-RS enhancement without legacy PDCCH
Considering the introduction of EPDCCH, legacy PDCCH might be absent in some subframes in small cell deployment. To improve the spectrum efficiency of small cells, the legacy PDCCH region could be utilized to carry PDSCH or ePDCCH.
In general, it is likely to lead a good performance to uniformly position reference signals in the middle of the REs to be estimated. For example, as discussed in [5], the legacy DM-RS pattern for special subframe configuration 3,4,8 is better than the normal legacy DM-RS pattern. Actually, in the normal legacy DM-RS pattern, the OFDM symbols carrying legacy DM-RS are at the end of each slot (the last two symbols), but its channel estimation performance is still satisfied. This is because the first to the fourth OFDM symbols, which are far from legacy DM-RS and supposedly suffer from the worst channel estimation in a subframe, are utilized to carry legacy PDCCH. The demodulation of the legacy PDCCH does not rely on DM-RS, but CRS.
As discussed before, low mobility is assumed in the small cell discussion in Rel-12. However, taking into account that small cells could be deployed on 3.5GHz which is higher than the assumed 2GHz in Rel-9/Rel-10, the Doppler effect could be visible even with low mobility. Correspondingly, the performance loss caused by poor channel estimation of the legacy PDCCH symbols may not be negligible.
Figure 1 and Figure 2 provide the channel estimation performance of the legacy DM-RS under EPA channel varying with the OFDM symbol indices. In Figure 1, the performance degradation in the legacy PDCCH region gets clear from 25dB with the speed of 3km/h. In Figure 2, the UE speed is assumed to be 30km/h. From 0dB to 30dB, the degradation is always able to be observed. It is also shown that the higher SNR the larger performance loss.
To improve the spectrum efficiency of small cells, a higher order modulation scheme (e.g. 256 QAM) for the downlink could be introduced [2]. The proper SNR region for 256QAM is about from 19dB to 27dB. In the case of 3km/h, although the degradation appears since 25dB, the performance of 256QAM might be damaged. In the case of 30km/h, the performance is probably degraded even if QPSK or 16QAM is adopted. If we can improve the channel estimation performance of the legacy PDCCH symbols without increasing the DM-RS overhead, the spectrum efficiency of small cells could be further improved.
Proposal 3: Increase the spectrum efficiency of small cells by improving the channel estimation performance of the legacy PDCCH symbols.
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4. Conclusions
This contribution aims to provide our consideration on UE-specific RS for small cell enhancement. Based on the above discussion we have the following proposals:
Proposal 1: To minimize the loss of the orthogonality caused by the overhead reduction, the DM-RS sequences should not be changed and reduced DM-RS schemes should be achieved by puncturing the legacy DM-RS pattern.
Proposal 2: Take ‘throughput’ as the metric to evaluate DM-RS reduction schemes.
Proposal 3: Increase the spectrum efficiency of small cells by improving the channel estimation performance of the legacy PDCCH symbols.
References
[1] RP-13xxxx_draft_report_RAN_58_121211_v1.0 “Draft Report of 3GPP TSG RAN meeting #58”, RAN #58.
[2] RP-121764 “New Study Item Proposal for Small Cell Enhancements for E-UTRA and E-UTRAN – Physical-layer Aspects”, Huawei, HiSilicon, CATR, RAN#58.
[3] 3GPP TR 36.932 (V0.2.0) “Scenarios and Requirements for Small Cell Enhancement for E-UTRA and E-UTRAN”.
[4] R1-130172 “Evaluation assumptions for introduction of DL higher order modulation to small cell”, Fujitsu, RAN1#72.
[5] R1-124702 “PSS/SSS collisions with DM-RS”, Huawei, HiSilicon, RAN1#71.
Appendix
Table 1 Simulation assumptions
	Parameters
	Values

	DM-RS ports
	port 7, port 8

	Channel Model
	EPA

	Number of Antennae
	2*2

	System bandwidth
	10MHz

	Channel Estimation
	2D-MMSE

	Precoding granularity
	1 RB

	Carrier Frequency
	3.5GHz

	UE Speed
	3kmph/30kmph
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