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1. Introduction
Reference signal overhead reduction is one potential enhancement to improve spectrum efficiency in this study item. Herein we assess the performance potential by reducing the downlink DMRS overhead. 

2. Discussion
The overhead of the DL DMRS is currently 6 REs per RB for transmission rank 1 and 2, and 12 REs per RB for ranks greater than 2. Assuming one OFDM symbol control region, 2 CRS ports and a normal cyclic prefix, the overhead of DMRS is 7% for rank 1-2 and 14% for ranks greater than 2, which are strict upper bounds of the gain for DMRS overhead reduction. If the DMRS overhead is reduced by, for example, 50% (i.e., every second RS symbol is removed), then at most 3.5% throughput gain is achievable for rank 1-2. 

Observation: 

· The upper bound on spectrum efficiency improvement is 7% (for rank 1-2) and 14% (for rank>2) in case of DMRS overhead reduction. 

In practice the gain is even lower, since worse channel estimation performance will further degrade the throughput.
2.1. Candidate DL DMRS with Reduced Overhead
Herein we consider two different reduced density DMRS patterns, Pattern 2/3 and Pattern 1/3, see Figure 1.
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Figure 1 Illustration of the two reduced overhead DMRS pattern considered
As the naming suggests, the two patterns reduces the overhead to 2/3 and 1/3 of the current DMRS pattern, respectively. 
2.2. Link Level Performance Evaluation
To assess the performance potential of reduced density DMRS patterns, we performed link level simulations in accordance with the agreed simulation assumptions [1]. The potential performance gain of Pattern 2/3 and Pattern 1/3 over the current DMRS pattern is shown in Figure 2 for various PRB bundling sizes.
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Figure 2 Gain over reference pattern for various PRB Bundling Sizes
As observed in the Figure 2, the PRB bundling size greatly impacts the performance achieved with a reduced density DMRS pattern—the larger reduction, the more sensitive to the PRB bundling size. It is intuitive that when the density of the reference signals is decreased the channel estimation becomes more dependent on the ability to coherently filter across a wider bandwidth. 
Observations:

· The performance is highly dependent on the PRB bundling size

· With current PRB bundling sizes the gain with reduced DMRS patterns is at most 2.5%

· The larger the overhead reduction, the more sensitive to decreasing PRB bundling size

· For a 2/3 reduction of DMRS overhead a substantial loss (as large as 10%)  is seen when no PRB Bundling is applied 

· PRB bundling is a prerequisite for DL DMRS reductions, which is problematic for example in TDD systems operating without PMI feedback.
Pattern 1/3 seems inappropriate due to the highly non-robust behavior. Indeed, for currently maximum supported PRB bundling size of 3, Pattern 2/3 has more or less identical performance as Pattern 1/3, but show significantly more robust behavior. 

On the other hand, the potential performance gain of Pattern 2/3 (and of Pattern 1/3 with current PRB bundling sizes) over the current DMRS pattern is only 2-3%, which makes it difficult to motivate further efforts on this topic.
Proposal:
· DL DMRS overhead reductions are not considered further for LTE Rel-12.
2.3. Other Aspects Impacted by a Reduced DMRS Density

A common implementation choice is to estimate the interference for demodulation, based on the REs of the DMRS. By canceling the DMRS a UE can measure the PDSCH interference as the residual interference on these REs. DMRS based interference estimation has the significant advantage over CRS based interference measurements that it does not suffer from pessimistic interference levels from colliding CRS from empty neighboring cells. Moreover, in new carrier types DMRS based interference measurements may be the only option of choice. 

However, if the density of the DMRS pattern is reduced the accuracy of a DMRS based interference measurement is also degraded—an effect that we did not account for in the above performance evaluation. Moreover, since the channel estimation accuracy is reduced the UE will not be able to cancel the DMRS with the same accuracy, whenever the DMRS pattern density is reduced. This reduced DMRS cancellation accuracy will further bias the measured interference level.
Observations:

· The interference estimation for demodulation is often based on DMRS REs

· Reducing the DMRS density directly impacts the number of interference measurement samples

· The reduced channel estimation accuracy further affects the impact of the residual contribution of the cancelled DMRS on the interference measurement
3. Conclusions
Herein we have assessed the performance of reduced density DL DMRS patterns and observed the following:

Observation: 

· The larger the overhead reduction, the more sensitive to decreasing PRB bundling size

· With current PRB bundling sizes the gain with reduced DMRS patterns is at most 2.5%

· For a 2/3 reduction of DMRS overhead a substantial loss (as large as 10%)  is seen when no PRB Bundling is applied 

· PRB bundling is a prerequisite for DL DMRS reductions, which is problematic for example in TDD systems operating without PMI feedback.

· The interference estimation for demodulation is often based on DMRS REs

· Reducing the DMRS density directly impacts the number of interference measurement samples

· The reduced channel estimation accuracy further affects the impact of the residual contribution of the cancelled DMRS on the interference measurement

Proposal:

· DL DMRS overhead reductions are not considered further for LTE Rel-12.
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