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1. Introduction, importance of good coverage
The possibility to provide good coverage is an important feature of a mobile-communication system. Most deployments of current mobile-communication systems are mainly coverage limited, rather than capacity limited, in the sense that the cell density is mainly determined by a requirement to provide a certain service, e.g. a certain data rate, over a given area, rather than by the number of users to be served. Improved coverage thus leads to a possibility to reduce the number of cell sites with an obvious reduction in the deployment cost as a consequence.

Good coverage is especially of importance for LTE due to the very high data rates to be supported. It should then be noted that improved coverage does not just imply larger cells, i.e. reduced cell density. It can equally well be described as the provision of higher data rates with a given cell density.

2. Transmission in narrow lobes

In general, a key component when it comes to provide good downlink coverage is the ability to focus the transmit power in a narrow lobe pointing in the (approximate) direction of the target UE. For a given transmit power this maximizes the power received by the target UE, i.e. improves the coverage. It also minimizes the fraction of the transmit power that ends up in other directions, i.e. in directions where the power does not serve any useful purpose what-so-ever but just cause additional interference and thus has a negative impact on system capacity. 

From a system point-of-view, the possibility to transmit in narrow lobes can be realised in two conceptually different but, in practice, quite similar ways: 

· By means of  higher-order sectorization, i.e. having a larger number of smaller (more narrow) sectors within each site

· By providing the possibility to transmit data in a narrow beam that only covers a fraction of the sector width (“beam-forming”)
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Figure 1 Means for transmission using more narrow lobes in a cellular system
One argument against higher-order sectorization has been that a UE moving between sectors (=cells) imply a cell handover. In UTRA release 6, handovers are under control by RRC located in the RNC even if the handover takes place between cells of the same Node B. Thus a UE moving between sectors imply Iub signalling and higher-order sectorization thus implies higher load on the Iub due to a higher handover rate. The speed by which a handover can be carried out may also be limited by Iub delays
. 

However, for LTE/SAE there is an assumption that radio resource management is (mainly) located at the 
Node B. Thus handover between cells of the same Node B can be handled locally at the Node B without any involvement of the back-bone network and higher-level nodes within the RAN architecture.

Another difference between higher-order sectorization and beam-forming relates to the reference-signal structure to be used for channel estimation. Currently a reference-signal structure with cell-specific reference signals has been defined for the E-UTRA radio-access concept, see [1]. The corresponding reference symbols are assumed to be transmitted over the entire cell area. This makes it difficult to use the reference signals to provide channel estimates that can be used for coherent demodulation of a beam-formed downlink transmission. Thus beam-forming is assumed to require additional, transmission-specific, reference-signals.

Thus our view is that higher-order sectorization is, in most cases, the preferred approach to improve downlink coverage.

3. Impact on reference signals and common channels

To a large, extent higher-order sectorization can be seen as a pure deployment issue that does not have any impact on a future E-UTRA radio-access specification. However, in order to be able to fully gain, in terms of coverage and per-site capacity, from higher-order sectorization, some issues need to be considered.

First we make an implicit assumption that the overall base station transmit power is constant but that it can be dynamically shared between the sectors covered by the base station. This is a reasonable assumption, taking into account modern base-station design. With this assumption, it is obvious that higher-order sectorization provides a tool to improved downlink coverage by the possibility to dynamically allocate more power to a sector where improved coverage is instantaneously needed, e.g. a sector where, at a given time instant, a high-rate data transmissions targeting a UE close to the cell border, is required.

However, in order to fully gain from such dynamic power sharing, it is important to ensure that a substantial part of the overall base-station transmit power must not be statically allocated to each sector.

3.1. Reference signals

Currently there is an assumption that the cell-specific reference signals are transmitted in each downlink sub-frame regardless if any data is transmitted within the sub-frame or not. Clearly this has two drawbacks:

· The reference symbols causes interference to other cells leading to reduced capacity.

· The transmission of reference signals in each sector is a waste of transmit power that would be of better use in another sector where data is to be transmitted

Thus at least from a channel-estimation point-of-view, the cell-specific reference-signals should only be transmitted within a sector if there is downlink data transmission taking place in the sector.

However, there are also other uses of the downlink reference signals, not related to channel estimation for coherent demodulation of downlink data transmission: 

· The reference signals are assumed to be used for UE channel-quality measurements that are the basis for uplink CQI reports.

· There are proposals for using the reference symbols as part of the cell-search procedure, see [2].

Using valuable transmit power for the transmission of reference symbols for UE channel-quality measurements is obviously a bad idea when there are no UEs making any measurements, e.g. because there are no UEs within the sector. However, even if there are UEs within the sector, providing reference symbols in every sub-frame just for channel-quality estimation may be highly in-efficient in many cases. Thus it makes sense to be able to reduce the reference-symbol overhead, e.g. by transmitting reference symbols only in a fraction of the sub frames.

However, even if there are no UEs in the cell, clearly there may be UEs in neighbour cells searching for the cell. There may also be UEs powering-on within the cell. Thus, assuming that the reference signals are used as part of the cell-search procedure, a certain amount of reference symbols may be needed even if there is, at a given time instant, no UEs within the cell. 

Thus we propose that the activity of the reference signals currently described in section 7.1.1.2.2. of [1] can be controlled in the sense that the reference-signal structure of Figure 7.1.1.2.2-1 in [1] is not necessarily transmitted in every downlink sub-frame but, in the general case, only in a sub-set of the downlink sub-frames.

One could e.g. envision that, as a minimum, one sub-frame per 10 ms radio frame carries the downlink reference symbols (preferably the sub-frame in which the BCH is transmitted). Depending on the activity in the cell (downlink data transmission, downlink L1/L2 signalling, downlink channel-quality measurements, etc.), the fraction of downlink sub frames in which the reference symbols are transmitted could then be increased, up to a maximum of every downlink sub frame. 

When actual data transmission is carried out, the reference-signals are transmitted in every sub-frame in which data transmission takes place. Obviously a somewhat higher reference-signal energy may be needed in this case, compared to continuously transmitted reference signals, as the UE cannot necessarily rely on interpolation between sub-frames. However, at low per-sector load, this is obviously well compensated for by the avoidance of transmitting reference-signal energy for channel estimation when there is no UE that is doing any channel estimation. Also note that the situation when the UE can not use the reference symbols of preceding sub-frames for channel estimation will anyway occur in case of TDD mode-of-operation. Thus this will not imply any additional UE complexity. 

3.2. Broadcast channel

In addition to minimizing the overhead due to reference signals it is also important to minimize the power needed to be allocated to other common channels. The BCH (Broadcast Channel) transport channel is used to transport the BCCH logical channel, i.e. network/cell-specific system control information. The BCH is a typical broadcast channel in the sense that it has to be possible for all users in a cell to decode the BCH. Furthermore, performance-enhancing techniques such as link adaptation and Hybrid ARQ can not be used for the BCH. However, in contrast to broadcast traffic (MBMS), where the same information is typically transmitted in all cells in a certain area and thus soft-combining of neighbour cells can be carried out, the BCH carries cell-specific information and soft combining of multiple cells is thus not possible. As a consequence, the BCH will require an un-proportionally (relative to its data rate) high transmit power. For that reason, it is important to do what can be done, in terms of e.g. transmit diversity, to improve the link performance of the BCH. However, it is also important to minimize, to the extent possible, the amount of data to be transmitted on the BCH, due to the inherent relative in-efficiency if that channel. This means that only data that really needs to be continuously broadcast should be carried by the BCH. Certain system information that, at first thought, may be typical “BCH” information, may e.g. be more efficiently transmitted as dedicated information on the DL-SCH, thus enabling benefits of link adaptation, channel-dependent scheduling, and Hybrid ARQ for such information. It should also be considered to what extent multi-cell reception can be applied to the part of the “BCH” information that is not cell specific but rather network specific.

A text proposal for 25.814 Section 7.1.1.2.2, related to the discussion on reference signals in Section 3.1 above, is provided in [3].
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� This depends on the exact implementation of the Iub interface.
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