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1. Introduction
One of the RAN1 study item objective on small cell enhancements is to reduce overhead for UE-specific reference signals and control signalling to improve spectral efficiency, considering the channel characteristics of small cells with low UE mobility [1]. There was some preliminary discussion on DM-RS overhead reduction in last RAN1 meeting [2], and RAN1 agreed the simulation assumptions to evaluate the benefits of DM-RS overhead reduction in the email discussions [3]. 

In this contribution, we evaluate overhead reduced DM-RS for small cell operation, and provides simulations results. 
2. Discussion
The main motivation to reduce DM-RS overhead is to improve spectral efficiency in small cell deployment scenarios by exploiting small cell channel characteristics, which are expected to change very slowly in time frequency. However, the overhead-reduced DM-RS (R-DM-RS) should also consider the following design aspects.  
· Avoid collision with legacy signals (CSI-RS, CRS, PSS/SSS) and channels PCFICH/PDCCH/PHICH/PBCH)
· Minimize implementation complexity and standardization impacts
· Support TM9/10 transmission modes  

It is also beneficial to design R-DM-RS pattern considering new carrier type (NCT) for small cell deployment. Otherwise, we might end up with multiple DM-RS patterns for legacy carrier type (LCT) and NCT, as illustrated below.  
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Figure 1: DM-RS design for Rel-12 features
Observation 1: It is desirable to have common DM-RS pattern for small cell operation with legacy and new carrier types, if RAN1 agrees to define new DM-RS for small cell operation. 

In legacy DM-RS pattern, 12 REs per antenna port per PRB-pair are used to carry DM-RS, resulting in 7.14% overhead (=12/(12*14)) for normal cyclic prefix (CP). These signals with considerable overhead were designed to have good channel estimation in highly frequency selective channel with high mobile speed, such as seen in typical macro cell deployment. Therefore, the overhead could be reduced in time and frequency considering slowly changing channel characteristics in small cell. The following two DM-RS patterns, as shown in Figure 2 could be considered, which mostly satisfy the design aspects described above. 
· Pattern-1: 8 REs per antenna port per PRB-pair 
· This will provide overhead reduction of 33% (=4/12) and overall gain of 2.4% (=4/(12*14)).
· Pattern-2: 4 REs per antenna port per PRB-pair 
· This will provide overhead reduction of 66% (=8/12) and overall gain of 4.8% (=8/(12*14)).
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Figure 2: DM-RS pattern for small cell operation 
The proposed DM-RS patterns aim to improve the channel estimation in the entire REs in the PRB-pair, thus could improve performance of PDSCH transmission from first OFDM symbol for legacy and new carrier types. It is also expected that Pattern-1 would be more efficient when channel estimation is performed by PRB bundling compared to that of legacy DM-RS pattern.  These DM-RS patterns also avoid collision with PSS/SSS in FDD. However, there would be some collision with some CSI-RS configurations. 
In the proposed DM-RS patterns, maximum 2 OFDM symbols are considered for legacy control channels (PDCCH/PHICH). This is motivated by the following facts:

· Limit control signalling overhead, as it is expected that control signalling capacity would be much lower than that of macro cell (less number of users in small cells). 

· Legacy control channels (PDCCH) expected to suffer from strong interference in small cell deployments, and legacy ICIC techniques (Rel-11) are not efficient for control channels. EPDCCH is more suitable for small cell operation. 

It is possible for network operators to configure number of OFDM symbols for control channels in small cell deployment scenarios. However, it is much beneficial for RAN1 to agree this as design choice for designing small cell enhancement features.   
Observation 2: It is desirable to limit maximum number of OFDM symbols for control channel to either 1 or 2 for small cell operation.
The above patterns (Pattern-1 and Pattern-2) are applicable for FDD and TDD normal sub-frames. For TDD, there are either 1 or 2 special sub-frames per radio frame, depending on the uplink-downlink configuration. The need for new DM-RS patterns for special sub-frames in small cell deployment scenarios should be further studied, once RAN1 decides on new DM-RS design for normal sub-frame in small cell deployment scenarios. Moreover, it is not necessary to design new DM-RS for extended cyclic prefix, since small cell eNB shall support normal cyclic prefix only to provide small cell coverage. 
Observation 3: It is sufficient to consider new DM-RS design to support normal cyclic prefix only.
2.1 Simulation Results

We evaluate the performance of the proposed DM-RS patterns according the agreed simulations assumptions in [3], which are also included in the Annex. We evaluate the performance of QPSK, 16QAM and 64QAM with code rate of 0.3, 0.5 and 0.75 respectively for LTE FDD. The throughput performance results are shown in Figure 3 to Figure 5, and performance gain compared to legacy DM-RS pattern is shown Figure 6. At low SNR region, the legacy DM-RS pattern outperforms the R-DM-RS patterns 1 and 2. On the other hand, Pattern 1 and 2 offers performance gain up to 6% from mid to high SNR range. It should be noted that Pattern-1 outperforms legacy DM-RS pattern (up to 3% gain) for 16QAM and 64QAM over all SNR ranges for the evaluated simulation cases.  

Observation 4: Overhead reduced DM-RS pattern offers throughput performance gain from medium to high SNR range. 
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Figure 3: Throughput performance for QPSK with code rate 0.3 at EPA10Hz (low) 
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Figure 4: Throughput performance for 16QAM with code rate 0.5 at EPA10 Hz (low) 
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Figure 5: Throughput performance for 64QAM with code rate 0.75 at EPA10 Hz (low)
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Figure 6: Performance gain of proposed DM-RS patterns compared to legacy DM-RS (for coding rates of 0.33 (QPSK), 0.5 (16QAM) and 0.75 (64QAM) at EPA 10Hz (low)) 
3. Conclusion

We evaluated performance gain with overhead reduced DM-RS for small cell deployment scenario, and we observe the followings: 
Observation 1: It is desirable to have common DM-RS pattern for small cell operation with legacy and new carrier types, if RAN1 agrees to define new DM-RS for small cell operation. 

Observation 2: It is desirable to limit maximum number of OFDM symbols for control channel to either 1 or 2 for small cell operation.
Observation 3: It is sufficient to consider new DM-RS design to support normal cyclic prefix only.
Observation 4: Overhead reduced DM-RS pattern offers throughput performance gain from medium to high SNR range. 

We propose to consider the above observations (1 to 3) as common principles for further studying suitable DMRS patterns.
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Annex: Simulation assumptions for LTE FDD
	Link level simulation

	Bandwidth
	10MHz

	Number of PRBs for PDSCH
	6 (adjacent PRBs but excluding 6 center PRBs)

	Carrier frequency 
	3.5G

	Channel model and Doppler frequency
	EPA 
- The delay profiles refer to 36.101 Table B.2.1-2
- Maximum Doppler frequency: 10Hz 

	Transmission mode
	TM10

	Cyclic prefix
	Normal

	MIMO configuration
	2x2 with low correlation
-       refer to 36.101 B.2.3.2

	CRS configuration
	Antenna ports 0,1

	CSI reference signals
	2-port NZP CSI-RS with 5ms period
One CSI-IM configured as ZP CSI-RS with 5ms period

	DMRS
	Port 7&8

	PRB bundling
	Off

	eNB EVM
	6%

	Coding rate
	QPSK: 0.33

16QAM: 0.50

64QAM: 0.75

	Rank adaptation
	Fixed (Rank-1)

	PMI
	Random

	Link adaptation
	Off

	HARQ
	On

	UE receiver
	Practical


