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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 some potential overhead reduction schemes under small cells.
2
Discussion
In LTE Rel-11, a single downlink control channel only schedules a single PDSCH transmission in one subframe, or a single PUSCH transmission in one subframe (except for TDD configuration #0, where a single UL grant can schedule two uplink PUSCH transmissions). 
For downlink transmissions, if PDSCH/EPDCCH is DM-RS based, DM-RS is present in every PRB to ensure good channel and interference estimations. 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.

On the other hand, the DM-RS overhead in the UL, while also dependent on the CP type and whether the last symbol is available for PUSCH or not, is rank independent . As an example, under normal CP:
· If the last symbol is available for PUSCH, the relative DM-RS overhead is 2/14 = 14% for all PUSCH ranks
· If the last symbol is not available for PUSCH, the relative DM-RS overhead is 2/13 = 15% for all PUSCH ranks
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 overhead reduction techniques for these scenarios. The overhead reduction can be generally categorized as:
· DM-RS overhead reduction for DL and/or UL
· Control channel overhead reduction

We will discuss these two issues sequentially.

2.1
DM-RS Overhead Reduction in Downlink
In this case, 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, interference estimation/suppression
· 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/suppression 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.
· Potential re-design of some features
· The reduction of DM-RS overhead may impact some features in EPDCCH, CoMP, etc., as mentioned earlier.

Given that DM-RS overhead for DL is already rank-dependent, additional overhead optimization has limited benefit. Therefore, we propose:

· Proposal 1: No DM-RS overhead reduction in downlink transmissions.

2.2
DM-RS Overhead Reduction in Uplink
Different from downlink, DM-RS overhead in UL is rank-independent. In particular, for rank 1 and rank 2 PUSCH transmissions, the DM-RS overhead is either 14% or 15% (normal CP), depending on whether the last symbol is available for PUSCH or not. This is in comparison with the 7% DM-RS overhead for rank 1 and rank 2 PDSCH transmissions.
While reducing DM-RS overhead in UL, single-carrier waveform property has to be kept. One possible way of doing so is to enable DM-RS and UL-SCH data multiplexing in the same symbol, as illustrated below, where to enable orthogonal multiplexing between DM-RS and UL-SCH, some cyclic prefix for data can be inserted in between.
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Figure 1 Possible DM-RS and UL-SCH data in one symbol

With this approach, DM-RS overhead can be reduced approximately by half, or 7% to 7.5%, which is twice the amount of reduction if a similar reduction factor is adopted for DL DM-RS overhead reduction. This overhead reduction can be limited to low rank PUSCH transmissions (rank 1 and/or rank 2), such that the same or similar rank-dependent DM-RS overhead as in DL can be realized in the UL as well.

As a result, we propose:

· Proposal 2: Consider some DM-RS overhead reduction in uplink transmissions.

2.3
Control Overhead Reduction 

As discussed earlier, presently a single control channel can only schedule a downlink or uplink transmission in a subframe, except for the TDD configuration #0 case. 
Each control channel transmission consumes certain resources, e.g., 2 CCEs or 72 REs, equivalent of half a PRB pair for some DCIs and some UEs. However, it is worth noting that at least for distributed control channel transmissions (legacy PDCCH or EPDCCH), the actual dimensional loss due to a control channel transmission can be much larger. As an example, consider a single control channel transmission, one would need:
· 1 control symbol for legacy PDCCH, a 7% overhead for normal CP

· At least 2 PRB pairs for distributed EPDCCH, a 4% overhead in 10MHz

Control channel overhead reduction can be realized via:
· Multi-subframe scheduling, i.e., one control channel schedules DL/UL transmissions over two or more subframes

· Cross-subframe scheduling, i.e., one subframe may contain two or more control channels scheduling DL/UL transmissions over two or more subframes

The first approach results in better control channel savings, but at the expense of slight loss in scheduling flexibility (assuming no significant change in DCI format design). The second approach does not reduce individual control channel overhead directly, but brings more statistical multiplexing gain for control channels. 

Note that since in small cells the number of scheduled UEs is often small, the control overhead reduction is expected to be achievable by addressing the limitation in control resource granularity rather than trying to optimize the control payload.  For example, when there is a single grant for a UE in good channel conditions, the overhead is always 1 PRB pair, irrespective of the message size, so a more compact format will not achieve the gain achievable by multi-subframe or cross-subframe scheduling. 
Both approaches can be for further study as possible optimizations for small cells, especially if MCSs over multiple subframes are not drastically different and if the load at small cells is small. The gain can be in the order of low single digit %  at the expense of some standardization efforts. 
Therefore, we propose:

· Proposal 3: Consider some control overhead reduction (e.g., multi-subframe scheduling, cross-subframe scheduling, etc.) for small cells.

3
Conclusions 

In this contribution, we discussed some potential overhead reduction techniques in the context of small cells, and propose that:
· No DM-RS overhead reduction in downlink transmissions.

· Consider some DM-RS overhead reduction in uplink transmissions.

· Consider some control overhead reduction (e.g., multi-subframe scheduling, cross-subframe scheduling, etc.) for small cells.
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