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1 Introduction

In RAN1 #72 meeting, small cell enhancement SI was regarded as one of the most important topics in Rel-12 and received intensive discussion on applicable scenarios and corresponding enhancements. During the meeting, many spectrum efficiency enhancement techniques, such as higher order modulation, DL/UL DMRS overhead reduction and control signalling enhancement, are considered to be possible study points in small cell scenarios thanks to the flat channel condition. 

In[1], initial analysis and evaluation results are provided for DL DMRS overhead reduction and control signalling enhancement, which shows 5% throughput gain for rank=1 transmission via DMRS RE reduction. This contribution gives further analysis on the feasibility of DL/UL DMRS overhead reduction and provided evaluations based on the agreed evaluation assumptions in [2]. 
2 Small cell scenarios and channel characteristics

The considered scenarios for small cell study are depicted below, which include four deployments [2]:

· Scenario #1- Co-channel deployment of the macro cell and outdoor small cells
· Scenario #2a- Separate frequency deployment of the macro cell and outdoor small cells
· Scenario #2b- Separate frequency deployment of the macro cell and indoor small cells
· Scenario #3- Indoor small cells without macro coverage
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Figure 1. Small cell deployment scenario for evaluation

Densely and sparsely deployed small cell cases are considered for different scenarios, which cause different interference levels and fluctuations and may require different enhancement techniques. It is further recommended in [3] that spectral efficiency enhancements should be evaluated in sparse cases, which are scenario 2b and 3 as in the simulation assumptions [2]. Therefore, it is assumed that the spectrum efficiency enhancement techniques in this contribution would be firstly studied in sparse scenarios and could be extended to dense scenarios if interference tolerable.

The characteristics of small cell deployments include:

· Small delay spread: maximum delay is less than 300ns in ITU-InH scenario and less than 800ns in ITU-UMi scenario according to Table A1-9 ~ Table A1-13 in [4]. This results in flat frequency channel in large bandwidth.

· Low mobility: stationary or walking speed. This result in small Doppler shift and slow time fading.

· The number of users: small number of users in small cell coverage.

· Interference level and fluctuation becomes less constraint in sparse deployment considering the reduced transmission power and the sparsely located small cells; interference level increases in dense deployment, and the interference fluctuation would depend on the packet arriving rate and service time of the UE. 
3 Techniques for overhead reduction

3.1 Evaluation of Downlink DMRS density in small cell
In this section, we evaluate the performance of reduced downlink DMRS density with small cell channel condition (low speed and small delay profile channel). The DMRS pattern for 12 RE/RB and 4RE/RB is shown in Figure 2.
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Figure 2. Downlink DMRS pattern for 12 RE/RB and 4RE/RB

In the simulation, the control region occupies 2 OFDM symbols and 2 CRS ports are assumed. Based on the above overhead assumption, the upper bound of downlink DMRS overhead reduction gain is 8/120 =6.67%. The PRG size is assumed as 1PRB or 3 PRBs according to section 7.1.6.5 in [5] . Other detailed simulation assumptions are shown in the Appendix [2]. The spectrum efficiency with different downlink DMRS densities is shown in Figure 3, while the relative gain of 4RE/RB DMRS over 12RE/RB DMRS is shown in Figure 4.
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Figure 3. Downlink spectrum efficiency vs SNR
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Figure 4. Downlink spectrum efficiency gain of 4RE/RB DMRS over 12RE/RB DMRS
Based on the results, it is observed with 3 PRBs per PRG , that downlink DMRS overhead reduction could provide about 5% gain in middle and high SNR range, i.e. 8dB ~18dB.  In low SNR range, i.e. when SNR is smaller than 2dB, the downlink DMRS overhead reduction has no gain due to the inaccurate channel estimation with large noise. In very high SNR range, i.e. when SNR is larger than 16dB, the gain decreases because the higher channel estimation accuracy requirement in high MCS counteracts the improvement brought by downlink DMRS overhead reduction. If the case of rank> 2 is considered, the potential gain of downlink DMRS reduction is expected to be even larger. 
On the other hand, if the channel estimation is made per PRB (1 PRB per PRG case), no performance gain and even some loss is observed with DMRS reduction, due to the smaller number of samples used for noise filtering.  
Observation 2:

· In middle to high SNR range, downlink DMRS overhead reduction could provide 5% throughput gain in downlink.
3.2 Evaluation of Uplink DMRS density in small cell
In this section, the performance of reduced uplink DMRS density is evaluated with the same channel assumptions as section 3.1. Other detailed simulation assumptions are shown in the Appendix [2]. The whole bandwidth is allocated to the UE. The reduced DMRS pattern as well as legacy one is shown in 5.
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Figure 5. Uplink DMRS pattern for 2 symbol/subframe and 1 symbol/subframe
As shown in Figure 5, the upper bound of uplink DMRS overhead reduction gain is 12/144 =8.33%. The spectrum efficiency of different uplink DMRS densities is shown in Figure 6, while the relative gain of 1 symbol/subframe DMRS over 2 symbol/subframe DMRS is shown in Figure 7.
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Figure 6. uplink spectrum efficiency vs SNR

[image: image7.png](5] weg

SNR [dB]





Figure 7. Uplink spectrum efficiency gain of 1 symbol/subframe DMRS over 2 symbol/subframe DMRS 
Based on the results, it is observed that uplink DMRS overhead reduction could provide around 6% gain in middle and high SNR range, i.e. 4dB ~16dB.  In low and very high SNR range, the uplink DMRS overhead reduction has less or even no gain with the same reason as DL DMRS reduction. 

Observation 3:

· In middle to high SNR range, uplink DMRS overhead reduction could provide around 6% throughput gain.
3.3 The ratio of UEs potentially benefiting from DMRS reduction
The geometry for UEs with the different small cell deployments is given in Figure 8. From the figure, we could see that above 80% UE experience SINR higher than 5dB in Scenario #2a, #2b and #3(sparse), especially in indoor and sparse scenarios, who would potentially benefit from DMRS overhead reduction. For low-geometry UEs, it is still possible for them to benefit from DMRS overhead reduction in low-load network as the experienced SINR will be significantly improved.
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Figure 8.  Geometry of small cell UEs in different small cell deployments
3.4 Specification and implementation impact of DMRS overhead reduction
For downlink

If DL DMRS overhead reduction is supported, at least one new DL DMRS pattern with lower overhead needs to be specified and related DMRS sequence and PDSCH mapping should also be specified. DMRS overhead reduction should be configurable, considering the UE’s initial access still needs legacy DMRS pattern. On the other hand, DMRS overhead reduction only benefits the UEs with middle to high SNR in certain channel conditions. Therefore, signalling for indicating DMRS overhead reduction needs to be defined.
The inter-cell interference measurement based on DL DMRS might be affected with reduced DMRS, and the exact impact on system performance would need further investigation. It is reasonable to assume the impact might not be serious in sparse deployment case. Besides, adopting large size of PRB bundling or using IMR to assist interference measurement could further help to reduce the impact. Anyway the UE could fall back to legacy DMRS configuration when the interference level and fluctuation is intolerable.
Reducing the DMRS overhead may modify the channel estimator structure if the DMRS pattern is redesigned. Reusing the legacy pattern as much as possible is preferred as it could make the best use of the channel estimator structure and reduce the possible modification.
For uplink,

Similar specification impact can be expected for UL DMRS reduction as DL case, including new pattern/sequence and related configuration signaling. Besides, if the UL DMRS reduction is simply removing one DMRS OFDM symbol, a straightforward issue is that the OCC pairing is affected. Some specification work may be needed to address this issue.

From eNB implementation point of view, similar to downlink analysis, the inter-cell interference measurement could use the remaining one-slot DMRS and the impact of reduced DMRS might be small considering that the UEs in DMRS overhead reduction mode would experience relatively high SINR and are robust to interference estimation mismatch. 

Reusing the legacy UL DMRS pattern while removing one of the slots would have trivial impact on eNB channel estimation structure since the legacy eNB should anyway implement separate channel estimation on two slots for middle to high-speed UEs.
Based on the above evaluation and analysis, it is observed 
Observation 4:
· If DL/UL DMRS overhead reduction is supported, the following specification impacts are expected 
· DMRS overhead signaling 
· DL/UL DMRS pattern design and sequence design
· OCC design for UL DMRS
4 Conclusions

In this contribution, we provide evaluations and analysis on performance of DMRS density reduction. The observations are summarized as follows:
· In middle to high SNR range, DMRS overhead reduction could provide around 5%, 6% throughput gain in downlink and uplink respectively;

· If DL/UL DMRS overhead reduction is supported, the following specification impacts are expected
· DMRS overhead signaling 
· DL/UL DMRS pattern design and sequence design

· OCC design for UL DMRS
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Appendix

Table 1. Simulation assumptions for DMRS overhead reduction
	
	Downlink
	Uplink

	Bandwidth
	10MHz

	Carrier frequency 
	3.5G

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

	Transmission mode
	TM10
	TM2

	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
	UL DMRS

	Rank adaptation
	On 

	PMI
	Based on UE measurement and feedback
	Based on eNB measurement

	Link adaptation
	On

	HARQ
	On

	receiver
	MMSE-IRC

	Channel estimation
	Practical

	Interference estimation
	Practical

	PDP estimation
	Practical

	Received timing delay (us)
	0

	Frequency offset (Hz)
	0

	Cyclic prefix
	Normal

	UE speed
	3km/h

	Overhead assumption
	2 PDCCH symbols;

PBCH/PSS/SSS;

2-port CRS;

2-port CSI-RS with 5ms period

One CSI-IM configured as ZP CSI-RS with 5ms period

1 or 2 DMRS ports;
	UL DMRS;

SRS

	Metric
	Spectrum efficiency [bps/Hz]


