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1
Introduction
With the densification of small cells, it is likely that some UEs may be very close to one or more small cells and hence may have good channel conditions. In this contribution, we will investigate potential DL DM-RS overhead reduction under small cells.
2
Discussion
In LTE Rel-11, for downlink transmissions, if PDSCH/EPDCCH is DM-RS based, DM-RS is present in every PRB to ensure good channel estimation and/or interference estimation. The assumption of DM-RS presence in every PRB also forms the basis for designing many other features, e.g., EREG/ECCE construction for EPDCCH, rate matching for CoMP, etc. The number of REs for DM-RS depends on the CP type and subframe type. Additionally, DM-RS overhead for PDSCH is rank dependent. One typical example is:

· For rank 1 and rank 2 PDSCH transmissions in regular downlink subframes with normal CP, there are 12 DM-RS REs per PRB pair. This translates into roughly 12/(12x14) = 7% overhead.

· For rank 3 and higher PDSCH transmissions in regular downlink subframes with normal CP, there are 24 DM-RS REs per PRB pair. This translates into roughly 24/(12x14) = 14% overhead.

In Rel-12, with the densification of small cells, it is likely that some UEs may experience good channel conditions due to close proximity to one or more small cells. As a result, there are motivations to consider potential DL DM-RS overhead reduction techniques for these scenarios. 
It is possible to consider decimated DM-RS transmissions over time and/or frequency. In particular,
· The presence of DM-RS may be limited to a subset of PRBs among the PRBs assigned to the PDSCH/EPDCCH, and/or,

· The presence of DM-RS may be limited to a subset of subframes among the multiple subframes assigned to the PDSCH/EPDCCH.
It is also possible consider DM-RS density reduction within a PRB pair as well.

For rank 1 or rank 2 PDSCH transmissions, the dimensional gain of DM-RS overhead reduction for PDSCH is strictly less than 7%, since there has to be DM-RS in some PRBs/subframes. As an example, if DM-RS is present in 50% of allocation PRBs/subframes, a 3.5% dimensional gain can be achieved, or 0.15dB.

For rank 3 and higher PDSCH transmissions, the dimensional gain is less than 14%. However, in this case, the performance impact of DM-RS overhead reduction can be much more significant than rank 1 and rank 2 PDSCH transmissions. Thus, extra care has to be taken if DM-RS overhead reduction is enabled for higher rank PDSCH transmissions. 
On the other hand, DM-RS overhead reduction has the following drawbacks:

· Degraded channel estimation and interference estimation
· Although it is possible that channel conditions can be more or less stable over several subframes, interference conditions may change over subframes and/or PRB pairs, depending on neighbouring cells’ scheduling decisions, load conditions, etc. Utilizing DM-RS in one subframe (or one PRB pair) for another subframe (or another PRB pair) can be risky and will lead to degraded channel and interference estimation/suppression performance.

· Note also that depending on the coordination among cells, it is possible that DM-RS in one cell would collide with data transmissions in another cell, complicating interference estimation and suppression.

· The loss in channel and interference estimation has to be much smaller than the dimensional gain (e.g., 0.15dB for ranks 1 and 2 PDSCH transmissions) in order to benefit from DM-RS overhead reduction.
· Impact on interference suppression/interference cancellation

· In Rel-12, network assisted interference suppression/interference cancellation is being studied. Absence of DM-RS in some PRB pairs and/or subframes, or additional intra-PRB DM-RS overhead reduction would complicate interference suppression/cancellation operations.
· Impact on EPDCH
· In Rel-11, EPDCCH design is based on the presence of 24 DM-RS REs in each PRB pair. Reduced DM-RS overhead may impact EPDCCH design.

· Impact on CoMP and UE implementation
· Cells involved in CoMP operation for a UE may be of different types (e.g., macro vs. small cells) and may have different DM-RS overhead reduction operations (e.g., one cell without DM-RS overhead reduction, and one cell with some DM-RS overhead reduction). As a result, a UE under CoMP may have to be indicated the specific DM-RS pattern in use for rate matching purpose for a particular PDSCH transmission. 

· In such a case, a UE has to dynamically apply different DM-RS patterns across subframes, which complicates UE implementation.
Given the above challenges and the fact that DM-RS overhead for DL is already rank-dependent (hence limited benefit for any DL DM-RS overhead reduction), we propose:

· Proposal: No DM-RS overhead reduction in downlink transmissions.

3
Conclusions 

In this contribution, we discussed potential DL DM-RS overhead reduction in the context of small cells. DL DM-RS overhead reduction may have impact on various functions, such as channel estimation, interference estimation, interference suppression/cancellation, EPDCCH, CoMP, etc. In addition, given that DL DM-RS overhead is already rank-dependent, the benefit of further reducing DM-RS overhead is rather limited (e.g., at most 0.15dB for rank 1 and rank 2 PDSCH transmissions if DM-RS overhead is reduced by half).  Therefore, we propose:
· No DM-RS overhead reduction in downlink transmissions in Rel-12.
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