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1 Introduction
This paper discusses enhancements for UE specific control signaling. First, we highlight some advantages of control signaling based on DMRS. Second, we shortly introduce the DMRS based control channel R-PDCCH, which could be a good starting point for UE specific control channel. Finally, we discuss some areas, in which potential enhancements of such a control channel could be further studied. 
2 Control signaling based on DMRS
There is a general trend in LTE to go from transmissions based on cell-specific reference signals (CRS) towards UE-specific reference signals (DMRS). The paradigm shift allows for larger flexibility with respect to the application of precoders and with respect to deployment of antennas. It enables both MU-MIMO and advanced CoMP techniques where precise nulls need to be formed in order to counteract intra- and inter-cell interference. Furthermore, DMRS overhead scales proportionally to its actual usage, i.e. DMRS for higher rank transmissions are only added if higher rank transmissions are actually applied. All those advantages led to the introduction of DMRS based data transmission on the PDSCH. However, the same advantages would apply to control channels such as the PDCCH. 

A DMRS-based PDCCH could increase PDCCH capacity, which is especially useful in networks using advanced multi-antenna transmissions, where plenty of UEs are scheduled per subframe due to frequency-selective scheduling and/or MU-MIMO. Another type of application, which would benefit from increased PDCCH capacity is machine-2-machine communication, where a multitude of devices trigger many small PDSCH transmissions per subframe. In scenarios with distributed antennas DMRS-based data resources can be spatially re-used while the re-use potential for CRS-based control resources is much more restricted. Such deployments include classical deployments with geographically separated antennas, indoor- as well as heterogeneous deployments. 
The control region size in MBSFN subframes is limited to at most two OFDM symbols. Control channel capacity needs may therefore also increase in the future due to more extensive use of MBSFN subframes for transmitting PDSCH. Such use of MBSFN subframes may be particularly popular in conjunction with CoMP and MIMO. Another feature that drives the demand on control channel capacity is cross-carrier scheduling where a single carrier may need to maintain control channel resources for many carriers.
Data rates and coverage can be increased with an increasing number of antennas, e.g. by means of beamforming. The PDSCH enjoys such enhancements, but currently PDCCH coverage remains the same since the PDCCH does not exploit the potential of large antenna arrays. This is especially interesting for TDD networks, where up to 8 Tx antennas might be common. 

Frequency domain inter-cell interference coordination (ICIC) is only applicable to data channels since the regular PDCCH spans across the entire system bandwidth. UE specific control signaling would allow for frequency domain ICIC of control channels, which would be useful in macro deployments but which would be especially useful in heterogeneous deployments using cell-range expansion. 

3 Relay Physical Downlink Control Channel

Fortunately, a DMRS based control channel already exists in LTE Rel-10: the Relay PDCCH (R-PDCCH), which was introduced in order to support inband relaying ‎[1]. In the time domain the R-PDCCH is received in the “data region” of the subframe, while in the frequency domain transmissions of the R-PDCCH occur in a set of semi-statically allocated resource blocks. From a latency perspective it is beneficial to locate transmissions of downlink assignments as early as possible in the subframe, hence they are transmitted in the first slot while less time critical uplink grants are transmitted in the second subframe. 

Coding, scrambling and modulation for the R-PDCCH follow the same principles as for the PDCCH. However, the mapping of the R-PDCCH to time-frequency resources is different. In the DMRS based variant of the R-PDCCH multiple R-PDCCHs are not cross-interleaved in a single RB but one R-PDCCH is mapped to one set of resource blocks where the number of resource blocks (1, 2, 4 or 8) depends on the aggregation level. An example R-PDCCH transmission is shown in Figure 1. 
[image: image1.emf]
Figure 1 Example of R-PDCCH transmission (aggregation level 1, no cross-interleaving)
4 Areas for further studies
The DMRS based variant of the R-PDDCH is a very good starting point for the design of a UE specific control channel. In principle, the R-PDCCH could be transformed into an enhanced PDCCH (E-PDCCH or ePDCCH) without modifications and directly be applied to serve UEs. However, there are some areas, where potential enhancements could be further studied.

Relaying in LTE Rel.10 targeted fixed relay nodes (RNs) where the characteristics of the eNB-RN radio channel are rather static. Propagation conditions on the eNB-UE link are more challenging with mobile UEs. The radio technology used for the PDCCH and the R-PDCCH is the same; the main difference is the resource mapping of the two control channels. By configuring distributed RBs on which the R-PDCCH is transmitted frequency diversity can be obtained by using higher aggregation levels. One could study whether sufficient frequency diversity can be obtained with low aggregation levels.
The number of UEs per cell is definitely larger than the (expected) number of deployed RNs per cell. So when looking at the resource mapping one could optimize the resource utilization. For instance, in the time domain a UE specific control channel could utilize more OFDM symbols since switching times does not need to be considered. 

RNs operate their own cell(s) with multiple UEs each. Traffic from/for multiple UEs is aggregated before being transmitted on the eNB-RN interface. Due to the aggregation, RN traffic is less bursty and more symmetric than UE traffic. A regular UE will receive control signaling less often and it is less likely that it receives an UL grant and a DL assignment simultaneously. So one could study if the separation of UL grants and DL assignments in different slots is still beneficial for a UE specific control channel. 
5 Proposals

Based on the above discussion we propose the following:

1) Use the DMRS based variant of the R-PDCCH as starting point for a UE-specific control channel 
2) Study potential enhancements of the UE specific control channel in the above mentioned areas
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