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1. Introduction

In RAN#58, a study item on small cell enhancements was approved. One of the objectives of the study item is to assess the potential spectral efficiency improvement by reducing the downlink UE-specific reference signal (DMRS) overhead, captured in [1] as follows:

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. 

Subsequently, in RAN1#72, some companies presented their views and initial simulation results [2 - 7] on this issue. In the email discussion after the meeting [8], further discussion and agreement on the evaluation scenarios and assumptions were made. In this contribution, we present our views and simulation results based on the agreed assumptions in [8]. 



2. Discussion

In the small cell scenario, due to the reduced distance between eNodeB and UE, the received signal power at the UE is expected to be higher, resulting in higher SNR at the receiver. The reduced distance also indicates reduced maximum delay spread of the multipath channel. Since the small cell scenario is considered for low mobility/stationary traffic use cases, the Doppler spread of the channel will be smaller. As a result, a relatively flat, slowly varying channel condition is expected in small cells. In such scenarios, potential spectral efficiency improvement can be considered by reducing the reference signal overhead. In Rel-10 DMRS design, 12 REs/PRB pair is used by DMRS for transmission of up to rank 2, and 24 REs/PRB pair is used for transmission of rank higher than 2, resulting in an overhead of 7.14% and 14.3%, respectively. By reducing the DMRS in frequency, time or both for the small cell scenario, DMRS overhead reduction can be achieved. However, such reduction can potentially lead to degraded channel estimation performance, and in turn may even lead to spectral efficiency degradation. 

In order to establish uniform evaluation scenarios between different companies, in [8] it is agreed to use an EPA channel, with a vehicular speed of 3 km/h for evaluation purposes. However, in addition to 2 GHz carrier frequency, 3.5 GHz carrier frequency is considered for small cell deployments. This will result in increased Doppler (5.55 Hz for 2G Hz, 9.72 Hz for 3.5 GHz at 3 km/h). In the evaluation of different DMRS patterns the effect of increased Doppler should be considered.

The Rel-10 DMRS patterns are used for the demodulation of ePDCCH and PDSCH transmission modes 8, 9 and 10. Since ePDCCH contains control information, it needs to be reliably detected. Therefore overhead reduction in the ePDCCH region is not as critical as to ensure system coverage and reliability. The key focus of DMRS overhead reduction, therefore, should be in DMRS based PDSCH transmission. The improved channel conditions in the small cell scenario can also be utilized by employing higher rank transmission (rank up to 8). However, the reduction in DMRS in time domain may make it impractical to use such higher ranks because OCC-4 cannot be applied.

The potential spectral efficiency improvement with reduced DMRS overhead can be attributed to two factors: 

a) By keeping the same payload bit size as achievable with the Rel-10 DMRS overhead, and thereby improving code rates. This in turns can translate into better demodulation performance, and therefore fewer HARQ transmissions and higher throughput. 

b) By keeping the same code rate, and transmitting larger payload bit size, thereby achieving higher throughput.

In the former case, the overall improvement will depend on the trade-off between code rate improvement and channel estimation performance degradation due to reduced DMRS. In the latter case, whether higher payload size can be transmitted or not depends on the possible payload bit sizes. An eNodeB can only select transport block sizes from a finite set of values defined in Section 7.1.7.2 in [9]. Because of the larger granularity between the possible payload bit sizes, for a given PRB allocation, the reduced overhead may not always be translated to a higher payload size. In addition, due to the degraded channel estimation performance with reduced DMRS, the demodulation performance may in turn degrade at higher payload transmission. This can in some cases even decrease the throughput performance. 
Finally, it should be noted that reduced DMRS pattern may complicate scheduling and co-ordination among cells. More specifically the fully orthogonal pairing between Rel-12 DM-RS and Rel-10/11 DM-RS may not be feasible, due to collision between PDSCH and DM-RS on some of the REs. Similar issue arises in intra-cell MU-MIMO when a Rel-10/11 UE is paired with a Rel-12 UE using reduced DMRS. 



3. Evaluation Results

In this contribution, we evaluated 5 DMRS patterns, including the Rel-10 pattern, shown in Figure 1. The simulation assumptions are provided in the Appendix. In Figures 2(a) and 2(b), the spectral efficiency for different DMRS patterns are shown, where channel estimation is based on the DMRS from a single PRB pair and the DMRS from the PRB pairs in an RBG bundle respectively. In Table 1, the relative spectral efficiency percentage changes over the Rel-10 DMRS patterns are presented. As can be observed from both the figures and the tables, in low to medium SNR region, spectral efficiency achieved using Rel-10 pattern is higher than the patterns with reduced DMRS overhead. In the high and very high SNR region, the spectral efficiency improves using reduced DMRS overhead patterns. In addition, channel estimation using DMRS from the bundled PRB pairs achieves higher spectral efficiency. However, the achievable spectral efficiency improvement is not very significant. 
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(a) Rel-10 Pattern
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(b) Pattern 1
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(c) Pattern 2
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(d) Pattern 3
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(e) Pattern 4

	Figure 1: DM-RS Patterns
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(a) Without PRB Bundling
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(b) With PRB bundling

	Figure 2: Spectral efficiency evaluation for different DMRS patterns 


Table 1: Relative percentage spectral efficiency improvement compare to Rel-10 pattern
	 
	Pattern 1
	Pattern 2
	Pattern 3
	Pattern 4

	
	w/o Bundling
	w Bundling
	w/o Bundling
	w Bundling
	w/o Bundling
	w Bundling
	w/o Bundling
	w Bundling

	Low SNR region

-10dB to 5dB
	-5.82
	-0.43
	-12.84
	-2.79
	-2.73
	0.04
	-4.64
	-0.23

	Medium SNR region

5dB to 20dB
	-0.54
	2.22
	-5.20
	1.51
	0.43
	2.06
	-0.42
	2.58

	High SNR region

20dB to 30dB
	1.45
	2.18
	0.35
	2.86
	1.38
	1.48
	4.04
	4.45

	Very high SNR region

30dB and above
	-0.48
	-1.07
	0.59
	2.06
	1.61
	1.60
	2.17
	2.18


It should be noted the gain noticed at high SNR region may not be feasible if practical impairment (e.g. EVM) is incorporated.  In Table 3 in Appendix, we presented geometric distribution of users for different SINR region from system level analysis. As can be observed, at high and very high SINR region, the percentage of users are relatively low compare to the low and medium SINR region. Therefore, it can be expected that the gains currently observed from link level simulations may only translate to a much lower system-level throughput gain, if at all.


4. Conclusion

In this contribution, we discussed the impact of reduced UE-specific reference signal (DMRS) in the small cell scenario. We also presented evaluation results and compared the spectral efficiency with the Rel-10 DMRS pattern. Based on the discussion and evaluation results, no significant benefit is observed in introducing reduced UE-specific reference signal for small cells.

The achievable spectral efficiency improvement using reduced UE-specific reference signal is not significant.
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Appendix

Table 2: Simulation Assumptions

	Parameter
	Assumption

	Bandwidth
	10MHz

	Carrier frequency 
	3.5GHz

	Channel model 

and Doppler frequency
	EPA-10 Hz, 3km/h

	Transmission mode
	TM10

	MIMO configuration
	2x2 with low correlation

	CRS configuration
	Antenna ports 0,1

	CSI reference signals
	2 port NZP CSI-RS with 5ms periodicity 

(transmitted in SF 0 and SF 5)

	DMRS
	Port 7, 8

	Rank adaptation
	On (between Rank 1 and Rank 2)

	PMI
	Based on UE measurement and feedback

	Link adaptation
	Yes

	HARQ
	Yes, total up to 4 transmission

	UE receiver
	MMSE

	Channel estimation
	MMSE-2D (with and without PRB bundling)

	Metric
	Spectrum efficiency [bps/Hz]

	Overhead assumption
	Transmission occurs in SF 1,…,4 
  and  6,…,9

2 PDCCH symbols;

2-port CRS;

2 DMRS ports;

	Feedback granularity
	6PRBs

	PRB bundling size
	1 (in case of no PRB bundling)

3 (in case of PRB bundling)

	EVM
	0%


Table 3: Geometric distribution of users (%) at different SINR range

	 
	Sparse Outdoor
	Dense Outdoor
	Denser Outdoor
	Clustered Outdoor
	Denser Clustered Outdoor
	Sparse InH
Scenario 2b
	Dense InH
Scenario 2b

	Low SNR Region

-10dB to 5dB
	20
	40
	45
	45
	48
	20
	50

	Medium SNR Region

5dB to 20dB
	45
	52
	53
	50
	50
	60
	48

	High SNR Region

20dB to 30dB
	20
	6
	2
	4
	2
	15
	2

	Very High SNR Region

30dB and above
	15
	2
	0
	1
	0
	5
	0
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