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1. Introduction 
In LTE Rel-12, small cell with lower power nodes will be studied.  The main purpose of introducing small cell deployment is to cope with explosion of mobile traffic, especially for hotspot in both indoor and outdoor scenarios. Additional spectrum allocation such as those in 3 GHz bandwidth also makes it more suitable for small cell deployment. At RAN #58 meeting, scenarios and requirements for small cell are concluded in [1], which will be used as scenario and requirement guideline for small cell study for both UTRA and E-URTA in RAN.  Study items for both physical layer and upper layer were also discussed and agreed [2]

 REF _Ref345421014 \n \h 
[3] . 
In [2], the areas that the study should be focused are listed, among which are the possible enhancements to improve spectrum efficiency as stated below
1. 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. 
At RAN1 72 meeting, some contributions [4]-[8] were submitted which provides some initial considerations and views on improving spectral efficiency by reducing DMRS overhead. However, no conclusion was drawn pending the agreement on small cell evaluation methodology and assumptions.  

In this contribution, some aspects on improving spectral efficiency by reducing DMRS overhead are discussed including the examples of DMRS patterns with reduced overhead, the configuration of such DMRS patterns. 
2. Spectral efficiency improvement with reduced DMRS overhead
2.1. DMRS pattern with reduced overhead 
There are a couple of types of RS could be transmitted in small cell, namely, CRS, CSI-RS and DMRS. The CRS could be used to support legacy PDCCH, demodulation of PDSCH for legacy UE and measurement like RRM and RLM.  The reduction of CRS could be the focus of NCT WI,  and not the focus of the study of small cell.  For CSI-RS, as it is transmitted in quite low density, especially in time domain, its overhead is quite small. To further reduce its overhead does not bring much benefit in improving the spectrum efficiency. 
The main focus then in RS overhead reduction would be on UE-specific RS, or DMRS.  There are two reasons that such reduction may bring more benefits and less impact for small cell. 

· As the small cell coverage is small, and mainly targets low mobility UE in both indoor and outdoor, the channel delay spread and Doppler spread are lower compared with macro-cell. That make it possible to reduce the DMRS overhead while still maintain acceptable channel estimation performance

· The DMRS are transmitted in PRBs allocated for a particular UE, therefore, the DMRS reduction would only impact to that particular UE. This is different from CRS and CSI-RS, which would be used by all the UE, and therefore, reduction on those RS may have larger impact.  For example, reduced DMRS could be transmitted in PRB pairs for new UE (Rel-12) while normal Rel-10 DMRS could still be transmitted in PRBs allocated for Rel-10/11 UE. That could allow the support of both new UE and legacy UE in the same subframe without any issue.
The DMRS overhead reduction could be achieved by reusing the current Rel-10 DMRS patterns, while reduce the density in either time, or frequency domain or both.  Alternatively, the new design of DMRS patterns could be considered. To reduce the impact to the system, especially to the UE, and limit the standard efforts, simply reuse current Rel-10 DMRS patterns while reducing its density is preferred. As some examples, Figure 1 shows the DMRS pattern used in TM9, and Figure 2 and Figure 3 show two DMRS patterns obtained by reducing density of DMRS pattern used in TM9 in either  frequency, time or combined. In general, the selection of DMRS patterns is a trade-off between channel estimation performance and overhead reduction. To compare the performance, throughput curves should be used among different DMRS patterns.  It should be noted that different DMRS patterns may provide different performance in different scenarios, depending on factors such as UE mobility, order of modulation etc. Considering that DMRS patterns with reduced overhead targets more towards the small cell deployment, it is therefore preferable to focus more on the scenarios with low mobility and higher order modulation.  Alternative, a number of DMRS patterns could be adopted, each may provide good performance in one or more particular scenarios. Such DMRS patterns could be configured to the UE by the eNB depending on the channel condition, UE mobility and loading requirement.  As DMRS pattern is only limited to PRB pairs scheduled for the UE, using different DMRS pattern won’t impact other UEs. 
Proposal: 
· The selection of DMRS pattern shall be focused on low UE mobility and high order modulation scenarios

· A number of DMRS patterns could be considered and configured to the UE by the eNB. 
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Figure 1: DMRS pattern in TM 9
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Figure 2: DMRS transmitted only in the first slot
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Figure 3: DMRS split between first and second slot
2.2. Other consideration for DMRS design in small cell 

2.2.1. DMRS design in PRB bundling

In Rel-10, PRB bundling is introduced in TM9, which assumes the same precoding would be applied to a number of consecutive PRB pairs. That could allow the UE to apply channel interpolation over DMRS across a number of PRB pairs and thus improve the performance of channel estimation. For small cell, as discussed before that for small cell the RMS delay spread would be small, which lead to more flat channel along frequency domain, therefore more coarse  feedback granularity and resource assignment granularity would be enough, meaning that larger subband size could be used for both channel feedback in uplink and resource assignment in downlink. That is also in line with the observations that for small cell, normally fewer UEs would be supported, but each UE with larger payload. The increase of subband size makes it possible that channel estimation could be conducted across multiple PRB pairs jointly. For example, if minimum 3 consecutive PRB pairs could be assigned to a UE, the channel interpolation could be used on DMRS across these PRB pairs to improve the performance of channel estimation. Such efforts could also benefit the design of DMRS for small cell and DMRS overhead reduction. 

As shown in Figure 4, two PRB pairs could be bundled together assuming the same precoding could be applied within these two PRB pairs. For each PRB pair, a different DMRS pattern with reduced overhead w.r.t to DMRS pattern in TM9 could be used. If these two PRB pairs could be assigned to the same UE,  joint DMRS pattern across two PRB pair could make a more overall balanced DMRS distribution across these two PRB pairs  and thus will improve the overall channel estimation performance over the case if a single DMRS pattern is repeated over PRB pairs. 


[image: image4]
Figure 4: Example of DMRS design with PRB bundling

Proposal:
· PRB bundling could still be supported and it could be considered together with DMRS design for small cell. 
2.2.2. Orthogonal DMRS in different Cells

The small cell could be deployed for hot spot and indoor environment. As the coverage of small cell is quite small, a cluster of small cells could be deployed together to cover a larger area. In addition,  it is desirable that  minimum planning effort is needed  for small cell deployment. Clustered deployment of small cells can lead to large coverage overlaps  among small cells and thus potentially cause strong interference among small cells. As DMRS defined in TM9 are transmitted from the same REs in a PRB pair from all the cells, they could collide with each other which will degrade the channel estimation performance and thereafter the system throughput.  To avoid such degradation, it would be beneficial to use orthogonal REs for DMRS transmission among neighboring small cells.  

For example, as shown in Figure 5, if two different DMRS patterns are used for different cells, they could avoid DMRS collision with each other and therefore lead to improved channel estimation performance.  The DMRS pattern in different cell could be configured for the UE or associated with cell identity. 

[image: image5]
Figure 5: Example of orthogonal DMRS pattern in different cell

Proposal:

· Orthogonal DMRS pattern could be considered for neighbouring small cells. 
3. Conclusions

In this contribution, a number of aspects to improve spectrum efficiency with reduced DMRS for small cell are discussed and our preference at this stage could be summarized as follows
Proposal:
· The selection of DMRS pattern shall be focused on the low UE mobility and high order modulation scenarios

· A number of DMRS patterns could be considered and configured to the UE by the eNB. 

· PRB bundling could still be supported and it could be considered together with DMRS design for small cell. 

· Orthogonal DMRS pattern could be considered for neighbouring small cells. 
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