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1 Introduction

In previous RAN plenary meeting, the study item on the physical layer aspects of small cell enhancement was approved [1]. In [1], the study should be focused on the following areas:

· Define the channel characteristics of the small cell deployments and the UE mobility scenarios identified in TR36.932, as well as the corresponding evaluation methodology and metrics.
· Study potential enhancements to improve the spectrum efficiency.

· Study the mechanisms to ensure efficient operation of a small cell layer composed of small cell clusters.
· Physical layer study and evaluation for small cell enhancement higher-layer aspects.

Following objectives are included in SI for study on potential enhancements to improve the spectrum efficiency, i.e. achievable user throughput in typical coverage situations and with typical terminal configurations, 

· 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 this contribution, we focus on the evaluation of overhead reduction for DM-RS with low UE mobility. The performance gain of DM-RS reduction would be heavily influenced by channel conditions. Thus, it is desirable that the effect of DM-RS reduction is discussed with sufficient evaluation results. As an initial evaluation of DM-RS reduction for small cell environment, we will discuss potential performance gain of DM-RS overhead reduction for low-speed UEs when the existing link-level evaluation assumptions and channel models are applied.
2 Effect of DM-RS reduction
Low-speed UE is considered as one of main targets of small cell scenario. Because of the channel characteristic with low UE mobility, it is expected that reduction of DM-RS density leads potential enhancement of the data transmission performance for low-speed UEs. So, to decide the effectness of DM-RS reduction, the performance gain obtained from DM-RS reduction for low-speed UEs should be evaluated.
2.1 Evaluation result for DRS in Rel-8

In Rel-8, the performance of various DRS patterns/denisity were evaluated with 5 to 48 DRS REs per PRB for beamforming using antenna port 5. According to the result in [2], in low SNR range, data transmission performance tends to be improved as RS density is increased even with less coding gain. It is because higher RS density achieves better channel estimation accuracy. On the other hand, in high SNR range, the optimal performances are achieved with RS density range of 8 REs ~ 12 REs per RB. It is because the increased number of data RE affects to the data transmission performance, whereas the RS density less influences to the channel estimation in high SNR range. In particular, for low UE mobility and high SNR environment, the performance of DRS with 8 REs per RB is better than that of DRS with 12 REs per RB, but the difference is not outstanding.
2.2 Initial evaluation result for DM-RS reduction

As an initial attempt to see any potential benefit of DM-RS reduction, we evaluate the effect of DM-RS reduction (using antenna port 7 – 14 pattern) for low-speed UE with the existing link-level evaluation assumptions and channel models. The detailed simulation assumptions are specified in Table 2 in the Annex. Two DM-RS patterns, legacy DM-RS pattern and reduced DM-RS pattern in Figure 1, are evaluated in this simulation. Reduced DM-RS in this simulation has 8 REs per RB whereas legacy DM-RS has 12 REs per RB for one antenna port. Performances of PDSCH transmission with these two DM-RS patterns are simulated for 6 cases summarized in Table 1. Each simulation case in Table 1 has different antenna configuration, rank, and MCS. The perforamance results of legacy DM-RS pattern and reduced DM-RS pattern for each case are shown in Figure 2. 
In this simulation result with low UE mobility, Case A, and B are operated in low SNR range. So, as expected, legacy DM-RS pattern shows better performance than reduced DM-RS pattern. Other simulation cases, Case C, D, E, and F use larger MCS value (and thus a large transport block size relatively), and are operated in high SNR range. For these simulation cases, Figure 2 shows that DM-RS with 8 REs per RB has better performance compared to legacy DM-RS. However, the performance gap between two DM-RS patterns is not significant.
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(a) Legacy DM-RS pattern                       (b) Reduced DM-RS pattern

Figure 1. Legacy DM-RS pattern and reduced DM-RS pattern for evaluation
Table 1. Simulation scenarios for the evaluation of DM-RS reduction
	
	Case A
	Case B
	Case C
	Case D
	Case E
	Case F

	Tx antenna
	4
	1
	4
	4
	4
	4

	Rx antenna
	2
	2
	4
	4
	4
	4

	Rank
	1
	1
	4
	4
	4
	4

	MCS
	4

(QPSK)
	4

(QPSK)
	4

(QPSK)
	7

(QPSK)
	12

(16QAM)
	14

(16QAM)
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Figure 2. PDSCH transmission performance for legacy DM-RS and reduced DM-RS
3 Evaluation of DM-RS reduction for small cell
In Rel-8, the effect of DRS density to data transmission performance were evaluated. In addition, we also simulated the performance gain of reduced DM-RS for low-speed UE with the existing link-level evaluation assumptions and channel models. Accroding to the results shown in Sec 2, low-speed UE can get slight performance gain from DM-RS reduction in high SNR region, yet it is still questionable whether this gain can justify the necessity of introducing a new DM-RS pattern. 
With extensive simulation results from Rel-8 and our initial results, we think that the effect of DM-RS reduction is already examined to certain extent at least with existing link-level evaluation assumptinos and channel models. 
Observation 1: In past studies and our initial results, it is difficult to expect the significant performance gain from DM-RS reduction for low-speed UE with the existing link-level evaluation assumptions and channel models.
Thus, the study of RS reduction in small cell SI shall focus on new cases which have not been evaluated before. There might be some differences between channel environments and deployment scenarios of legacy cells and small cells. For example, channel properties with a new frequency band (e.g., 3.4GHz) might offer unique characteristics compared to existing channel models. Moreover, prior to extensive simulation work, potential cases where RS reduction would bring significant gains should be first discussed. 
Observation 2: Potential cases to bring signifiant gains by RS reduction first needs to be identifed.
4 Conclusion
In this contribution, the evaluation result of DRS in Rel-8 is introduced and the effect of DM-RS density reduction for low-speed UE is evaluated with existing link-level evaluation assumptions and channel model. Also this contribution discussed the considerations for evaluation of DM-RS reduction in small cell. This contribution can be summarized as follows.

Observation 1: In past studies and our initial results, it is difficult to expect the significant performance gain from DM-RS reduction for low-speed UE with the existing link-level evaluation assumptions and channel models.
Observation 2: Potential cases to bring signifiant gains by RS reduction first needs to be identifed.
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6 Annex
Table 2. Evaluation assumptions

	Parameter
	Value

	System bandwidth 
	1.4 MHz 

	Carrier frequency 
	2 GHz 

	Channel profile 
	EPA 3km/h 

	Transmission mode 
	TM9 

	Antenna configuration 
	1 x 2, 4 x 2, and 4 x 4

	Rank 
	1 and 4

	PDSCH RBs 
	Full RBs 

	CSI feedback 
	Ideal 

	Channel estimation 
	Frequency domain: MMSE with PRB bundling

Time domain: Subframe average 
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