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1. Introduction
Spectrum efficiency improvement is one of the focuses of the study item on small cell enhancements [1] and has been discussed in the last RAN1 meeting [2]. The proposals mainly focused on three aspects, i.e., high order modulation, UE-specific RS and control signaling overhead reduction. In this paper, downlink DM-RS overhead reduction is discussed. Some candidate patterns for the purpose of reducing DM-RS density in both the time and frequency domain are proposed and initially evaluated.
2. Discussion
As discussed in [3]-[5], the radio communication environment of small cells could be expected to be better than that of macro cells. On one hand, the coherent channel bandwidth in small cells may be larger than that in macro cells. On the other, the variation of the channel state of small cells is slower than that of macro cells in time domain. Hence, it is possible to reduce the DM-RS overhead to achieve higher spectrum efficiency. As analyzed in [4] and [6], the DM-RS overhead could be reduced by reducing density in either time domain or frequency domain.
2.1. DM-RS overhead reduction in frequency domain
The reduced density of DM-RS in one small cell may co-exist with the full DM-RS in other cells on the same PRBs. If a small cell and a macro cell are co-channel, the small cell UEs with reduced DM-RS and the macro UEs with full DM-RS could be intra-frequency interferer to each other. Besides, although some small cell UEs may have a good channel condition and thus expect higher spectrum efficiency by reducing DM-RS, some other UEs which experience deep fading should also be managed to connect to a small cell. Such cases include for example an outdoor UE is served by an indoor small cell, or a UE and its serving small cell locate in different rooms. Those small cell UEs need full Rel-10 DM-RS pattern to guarantee the performance of channel estimation. When DM-RS overhead reduction schemes are investigated, the impacts on other intra-frequency UEs which are utilizing the full DMRS pattern should be considered.
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 density is reduced which could lead to impaired orthogonality between full DM-RS UE and reduced DM-RS UE. 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 shortened DM-RS sequences should be achieved by puncturing the legacy DM-RS sequences.
Besides, the position of reduced DM-RS should also be aligned with the legacy DM-RS to minimise the interference with data. If the new positions of reduced DM-RS are totally different from the legacy DM-RS positions, DM-RS REs of full DM-RS UEs may collide with data REs of reduced DM-RS UEs. Such collision could decrease the SINR on the DM-RS REs of full DM-RS UEs and correspondingly damage the reliability of channel estimation based on full DM-RS. Therefore, the DM-RS pattern should be reduced by puncturing the Rel-10 DM-RS pattern, and the punctured REs used for PDSCH.
Proposal 1: The DM-RS overhead reduction should be achieved by puncturing the Rel-10 DM-RS.
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(c)
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(d)
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Figure 1 Candidate patterns for DM-RS overhead reduction in frequency domain
We mainly discuss the schemes where the DM-RS is reduced to 6 REs or 8 REs per RB. The original DM-RS pattern is shown in Figure 1(a). According to the principle discussed above, the possible DM-RS patterns of 6 DM-RS REs per RB are given in Figure 1(b) and Figure 1(c). The second row in Figure 1 gives the candidate patterns of 8 DM-RS REs per RB. Although pattern (c) is actually a scheme to reduce DM-RS in time domain, we still place it in Figure 1 for the convenience of comparison with pattern (b).
It is also noted that reduced DM-RS pattern by puncturing Rel-10 DM-RS is helpful to keep the orthogonality/semi-orthogonality between the reference signal sequences of full DM-RS UEs and reduced DM-RS UEs, but the orthogonality between DM-RS REs within one RB provided by OCC would be compromised. For example, in pattern (b), a despreading operation in either time or frequency domain may not be applied, because the DM-RS REs are punctured in a zigzag way. The same problem may exist in patterns (c) and (d) as well. The CDM codes may need to be re-designed to keep the orthogonality of DM-RS REs within one RB if necessary.
2.2. DM-RS overhead reduction in time domain
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Figure 2 DM-RS overhead reduction in time domain
A possible scheme to reduce DM-RS overhead in time domain is shown in Figure 2. The granularity of time domain overhead reduction could be equal to or larger than a subframe. In this scheme, the DM-RS in odd subframes are punctured. UE could derive the channel state of odd subframes from that estimated in even subframes. If UE could get priori information of whether eNB will schedule it or not in the next subframe, e.g. UE is scheduled in multiple N consecutive subframes, the channel state of subframes without DM-RS such as subframe #1 could be obtained by the interpolation of other adjacent subframes with DM-RS such as subframe #0 and subframe #2 to achieve satisfied channel estimation performance. However, it would introduce latency because the channel estimation of subframe without DM-RS can only be performed after the subframe with DM-RS which would increase the processing time of the receiver. For the case that a UE is dynamically scheduled by eNB by single subframe level, it could only utilize the channel state estimated in the latest subframe with DM-RS, e.g. by extrapolation which could damage the channel estimation performance.
Note that the above difficulties would not apply to pattern (c), presented in section 2.1 
Therefore, the DM-RS overhead reduction in time domain should be carefully investigated with the consideration on both channel estimation performance and processing time of the receiver.
Observation 1: The DM-RS overhead reduction in time domain beyond one set of DM-RS per subframe may decrease the reliability of channel estimation and/or increase the processing time of the receiver.
3. Initial evaluation
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Figure 3 MSE performance
The simulation assumptions are listed in Appendix A. Figure 3 provides MSE performances. Over the whole SNR range, the original pattern shows the best MSE performance, with 1-2dB gain over the 8-RE patterns and 2-3dB gain over 6-RE patterns. Between the 6-RE patterns and 8-RE patterns, there is a performance gap of about 1-2 dB. In the low SNR region, there is no obvious difference between the 6-RE patterns or among the 8-RE patterns. In high SNR region, a difference of less than 2dB among 6-RE patterns or among 8-RE patterns could be observed.  [image: image10.emf]0.0 
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Figure 4 Spectrum efficiency performance
The spectrum efficiency performance is shown in Figure 4. It seems that all the patterns, except pattern (e), have almost the same performance under the channel of EPA 3km/h. Compared with the original pattern (a), about 1 dB gain is achieved by these patterns at high SNRs. It seems that the MSE differences between some of the patterns do not have much impact on the spectrum efficiency. The detailed assumptions in the Link Level Simulator for DM-RS overhead reduction were not extensively discussed here, but some more channel models might need to be considered to more fully investigate the performance aspects of reduced DM-RS patterns.
Observation 2: All the patterns considered (except pattern (e)) have almost the same spectrum efficiency performance under the channel of EPA 3km/h. Compared with the original pattern (a), about 1 dB gain is achieved at high SNRs.
4. Conclusions
This contribution provides our considerations on DM-RS overhead reduction in small cells. The simulation results of some candidate DM-RS patterns for overhead reduction in frequency domain are also provided. Based on the above discussions we have the following proposals and observations:
Proposal 1: The DM-RS overhead reduction should be achieved by puncturing the Rel-10 DM-RS.
Observation1: The DM-RS overhead reduction in time domain beyond one set of DM-RS per subframe may decrease the reliability of channel estimation and/or increase the processing time of the receiver.
Observation2: All the patterns considered (except pattern (e)) have almost the same spectrum efficiency performance under the channel of EPA 3km/h. Compared with the original pattern (a), about 1 dB gain is achieved at high SNRs.
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Appendix A: 
Table 1 Simulation assumptions
	Parameters
	Values

	Carrier frequency
	3.5GHz

	System bandwidth
	10MHz

	Channel model
	EPA, 3kmph

	CP length
	Normal CP

	Location and number of PDSCH RBs
	Fixed(#0~#5), 6PRBs

	Transmission mode
	TM9

	Number of Antennae
	2*2

	Antenna correlation
	Low 

	Rank
	Adaptive rank selection

	Number of PDCCH symbols
	3

	Overhead assumption
	No PSS/SSS/PBCH

	DM-RS ports
	port 7, port 8

	Channel Estimation for DM-RS
	2D-MMSE(no combinations in time domain or in frequency domain)

	CSI feedback
	Ideal

	HARQ for PDSCH
	No HARQ

	Modulation and coding scheme for PDSCH
	Adaptive MCS

	Precoding
	Adaptive precoding 

	Feedback delay
	5 ms
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