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1 Introduction
In RAN 58 meeting, a new SI for physical layer of small cell enhancement was approved. The following study was mentioned in the SID:

· 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

· Enhancements and overhead reduction for UE-specific reference signals and control signalling 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. 

Based on the SID approved in RAN 58, we share our view and evaluation result on uplink DMRS overhead reduction of small cells.

2 Low Density DMRS Pattern
In the small cell SI, one main object is to reduce the overhead through better adaptation to the channel characteristics of small cells. That means we should analyse the channel property of small cells.  

According to the scenarios and requirements for small cells, the small cell nodes could be deployed indoors or outdoors and small cell enhancement should target both outdoor and indoor small cell deployments. For indoor UE, only low UE speed (0 – 3km/h) is targeted. For outdoor, not only low UE speed, but also medium UE speed (up to 30km/h and potentially higher speeds) is targeted.  Because small cells can be deployed everywhere and are mainly for UEs with low mobility, the channels will show some properties as follows:
·  While the channel characteristics in time domain change slowly because of low mobility, they may change fast in frequency domain because of all kinds of possible multipath power distributions, though the multipath delay is relatively short.
·  The interference fluctuation is not too drastic at certain time because most UEs are with low mobility and deployed in the low density small cell. 

Before LTE Rel-12, uplink DMRS are present in two OFDM symbols within each subframe as in Fig.1.  Theoretically, the minimal time correlation for medium UE speed (up to 30km/h) is more than 0.8 in two subsequent subframes, it’s obvious that the current uplink DMRS RB location is too dense in time domain for most small cell scenarios.  So, a simple method is directly adopting lower density DMRS pattern to reduce overhead. Fig.2 shows an example which eliminates the second DMRS in one subframe and uses it to transmit data.
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Figure1. Current LTE Uplink DMRS Pattern
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Figure2. Simple Overhead Reduction on LTE Uplink DMRS Pattern
 
In order to avoid interference between advanced UE data/DMRS and legacy UE DMRS/data, an improved resource allocation scheme achieved by network can be used. In this case, the overall frequency resource is separated into two partitions dynamically, in terms of the number of current advanced / legacy UEs in the network; thus, advanced UEs can be scheduled within one partition, and legacy UEs can be scheduled within the other partition. 
3 Simulation Results 

In this section, according to the simulation assumptions in Appendix, we simulate and compare the link performance of the Rel-11 uplink DMRS pattern (see Fig.1, normal CP case) and the lower density DMRS pattern (see Fig.2, normal CP case). 
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(a)                                                                                    (b)
Figure3.  DMRS performance at 3km/h speed
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(a)                                                                                 (b)
Figure4.  DMRS performance at 30km/h speed
From above simulation results, we can see a remarkable throughput increase when adopting lower density DMRS pattern. The main reasons include two factors, one is that the channel estimation can still keep enough precision under the given mobile speed; the other is the channel coding gain increase because larger TBs will be transmitted.
Looking closer, when allocated RBs number is fixed, the throughput increase more at lower speed scenario, as the channel estimation precision can be kept and almost entirely not affected by reduced the DMRS density; when UE speed is fixed, the throughput improvement ratio will become less at 20 RBs scenario, because channel coding gain will reduce for the same amount of overhead saving. A common feature without dependence on the RB number and speed is that the throughput increases more at high SNR region, because channel estimation will contribute less to the total performance.

Unfortunately, the simple overhead reduction in time domain as in Fig.2 will lead to one problem: OCC can’t be used any more as before. As a result, MU-MIMO function and interference suppression will be affected. Therefore, in order to deal with the above problem, some simple schemes still can be used, for example, combining the above low overhead DMRS pattern with the current OCC functionality as in Fig.5. In this case, OCC can be used within two subframes depending on the continuous two-subframe scheduling from network. Moreover, all the configuration and control information on original or pre-Rel-12 OCC and even UL DMRS almost can be remained unchanged. Thus, this scheme doesn’t have a big impact on system and standardization. Similar schemes exist that will also solve OCC problem if DM-RS density reduction is applied.
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Figure5. Low overhead DMRS pattern with OCC functionality
 
4 Conclusion 

In this contribution, we have described a simple scheme and evaluated its performance. Simulation results obviously show that reducing uplink DMRS overhead can increase throughput. Based on the discussion, we propose: 
Proposal 1: DM-RS density reduction need to be studied for small cell enhancement. 
Proposal 2: OCC functionality need to be studied with reduced DM-RS density pattern. 
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Appendix

Table Link Level Simulation Assumptions for Uplink DMRS Overhead Reduction
	Duplex
	FDD,UL

	Bandwidth
	10M

	CP Type
	Normal CP

	Carrier Frequency
	2.0G

	Channel Model
	SCME, NLoS, EPA

	UE Speed
	3km/h, 30km/h

	Channel Estimation
	Real Estimation

	Ant. Config.
	2Tx   4Rx

	Space Correlation
	Low

	Polarization
	Cross Polarization

	Link Adaption
	RI、PMI and MCS Adaption

	Resource Allocation
	5RBs or 20 RBs

	Resource Hopping
	No Hopping

	DMRS Pattern
	As Fig.1 and Fig.2

	HARQ Process
	8

	HARQ Maximum Retransmission 
	4

	HARQ Combination
	IR

	DMRS Estimation
	No Joint Channel Estimation in multiple subframes

	Receiver Type
	MMSE
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