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1. Introduction

The assumptions from the feasibility study [1] regarding the downlink reference-signal structure are outlined in Figure 1. The downlink reference signal consists of known reference symbols in the first and fifth OFDM symbol and with a frequency-domain reference-symbol spacing of 6 sub-carriers.

According to [1], the downlink reference symbols of Figure 1 are present in each downlink sub-frame. Emphasizing “downlink” is important as LTE is to support operation in both paired and unpaired spectrum, where, in case of unpaired spectrum, TDD is used and thus some sub-frames are assigned for uplink transmission. Clearly, downlink reference signals can not be present in these sub-frames.
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Figure 1 Downlink reference-signal structure according to TR25.814

In this paper we discuss three issues related to the downlink reference-signal structure:

· Whether or not the complete set of reference symbols of Figure 1 should always be transmitted in every sub-frame of every 10 ms radio frame. More specifically we propose the introduction of primary and secondary reference signals where only the primary reference signals are guaranteed to be transmitted in every radio frame.

· The need to support both self-contained (on a TTI basis) and non-self-contained channel estimation, at least in case of FDD duplex arrangement

· The introduction of additional transport-channel-specific reference signals to support multi-cell reception (SFN) and generic beam-forming

2. Primary and secondary reference signals

E-UTRA is to support very high data rates as well as high data rates with very good coverage. Clearly, a key tool to provide very high data rate is the use of small cells including narrow sectors. Similarly, a key tool to provide high data rates with good coverage is the use of narrow sectors. In case of smaller cells, including more narrow sectors, the number of active users per cell will obviously be reduced (for a given overall traffic). Eventually there will be situations where, in some cells, there will be no downlink user-data transmissions (including L1/L2 signaling) simply because there is, at a certain time instant, no UE within the cell to transmit data to.

Transmitting downlink reference signals in order to allow for downlink channel estimation when there is no UE that is to receive any data and thus no UE that needs to carry out any channel estimation, obviously implies 

· unnecessary interference to other cells

· waste of valuable base-station transmit power that could, otherwise, be used in other sectors (with data to transmit) for improved coverage (higher data rates)

At this stage it is important to understand that, especially in coverage-limited situations, the reference-signal fraction may be substantially higher than what is typically expected in (smaller) capacity-limited cells.

Thus, from this point-of-view, it obviously makes sense to transmit downlink reference signals in a cell only when there is data to be transmitted to some UE within that cell. 

However, the downlink reference signals are also assumed to be used as part of the “cell search”, as a minimum for BCH demodulation. Reference signals for this purpose must obviously be transmitted even when there is no UE in the cell.

However, transmitting the full set of reference signals, i.e. the reference-signal structure of Figure 1, in every sub-frame of a radio frame when e.g. the BCH is only transmitted within a sub-set of the sub-frames (from now on we assume that the BCH is transmitted within the two first sub-frames of a radio frame) does, in our view, imply unnecessary overhead. The following should then e.g. be noted

· At initial cell search a UE will not know what sub-frames are assigned for downlink transmission. Thus the UE can anyway not use any other reference symbols than those of the sub-frames in which BCH is assumed to be transmitted in the initial cell search.

· The BCH is assumed to be transmitted with a bandwidth of, as a maximum, 5 MHz. Transmitting reference signals over an entire 20 MHz bandwidth to allow for channel estimation for demodulation of a 5 MHz BCH is obviously waste of resources

Thus we propose splitting the currently defined downlink reference -signal structure into two parts:

· The Primary Reference Signal corresponding to the reference symbols in the first two sub-frames of each 10 ms radio frame and within a frequency band corresponding to the BCH transmission band.

· The Secondary Reference Signal corresponding to the remaining reference symbols

Only the primary reference signal is guaranteed to be transmitted in every radio frame. Thus only the primary reference signal can be used for cell search (including BCH demodulation).

3. Self-contained and non-self-contained channel estimation

As has already been mentioned, in case of TDD operation only a subset of the sub-frames of a radio frame may include downlink reference symbols and exactly what sub-frames that may include downlink reference symbols depends on the exact downlink/uplink allocation. As a consequence, it can not be assumed that channel estimation for demodulation of DL-SCH and L1/L2 control signaling in a sub-frame can always rely on reference symbols in other sub-frames, in addition to the reference symbols of the current sub-frame. In other words, the UE must be able to do channel estimation using only the reference symbols of the sub-frames corresponding to the current TTI. We will refer to such channel estimation as self-contained (on a TTI basis) channel estimation as all reference symbols used for channel estimation for a certain TTI are contained in the sub-frames corresponding to that TTI. 

Such channel estimation can then obviously be used with no additional complexity also in case of operation in paired spectrum with no TDD component. The use of such channel estimation also in this case has obvious benefits as it implies that the downlink reference symbols of each sub-frame do not need to be transmitted over the entire cell in each sub-frame.

However, in many cases there will obviously be reference signals available also in neighbor sub-frames. This is true in case of FDD as well as TDD. Thus the key question is if, in addition to self-contained channel estimation, UEs should also be expected to be capable of, when possible, using reference symbols also in other (mainly previous) sub-frames when doing channel estimation for a certain TTI. We call this non-self-contained channel estimation as, in this case, channel estimation for a certain sub-frame is based also on reference symbols contained in sub-frames corresponding to other TTIs. 

It should be noted that non-self-contained channel estimation needs to be flexible in the sense that

· exactly what sub-frames can be used for channel estimation may depend on the UE speed etc.

· in case of TDD, what sub-frames can be used for channel estimation depends on the exact DL/UL allocation as well as the exact sub-frame number

However, due to the benefits of non-self-contained channel estimation when reference symbols of neighbor sub-frames are available, we believe that, at least in case of an FDD-based duplex arrangement, it should be assumed that UEs are capable also of non-self-contained channel estimation, in addition to self-contained channel estimation. Our reason for not being as clear on non-self-contained channel estimation in case of TDD is the additional “complexity” due to varying DL/UL allocations in case of TDD. 

4. Transport-channel specific downlink reference signals

The reference-signals currently defined in RAN1 are assumed to be transmitted “over the entire cell area” (cell-specific reference signal).

Comment: The term “entire cell area” is obviously not fully defined. Probably the best way to define “cell area” is as the coverage area of the BCH. That a reference signal is transmitted “over the entire cell area” then simply implies that it can be assumed to be directly useable for BCH channel estimation.

Beam-forming of a transport channel typically implies that the cell-specific reference signals cannot be assumed to be directly useable for channel estimation for the transport channel. One way to enable beam-forming of such a transport channel is to provide additional, transport-channel-specific, reference signals which can be directly used for channel estimation for the specific transport channel.

Actually, most participants in RAN1 discussions already seem to assume that such transport-channel-specific reference signals are to be supported for E-UTRA. A multi-cell MCH transmission based on “SFN” will, from a UE point-of-view, appear as a single downlink transmission over a channel being the aggregation of the channels of the MCH transmission of each cell. In order to carry out channel estimation for this “aggregated” channel, most participants in the RAN1 discussions seem to assume that additional MCH-specific reference signals are transmitted, also by means of SFN, from all cells involved in the MCH multi-cell transmission. From a UE point-of-view, these reference signals will appear as a single reference signal that has propagated over a channel that is the same as the aggregated channel of the multi-cell MCH transmission but different from the channels of any of the cell-specific reference signals. Thus, in all practical respects, the MCH transmission can be seen as a “beam-formed” transmission with a corresponding transport-channel-specific (beam-specific) reference signal. 

In order to allow for generic beam-forming also for DL-SCH, we propose that this concept of transport-channel-specific reference signals, if adopted for MCH, is extended also to other transport channels, more specifically to the DL-SCH. The transport-channel-specific reference signals should be confined to the resource blocks to which the corresponding transport channel is mapped.

5. Summary and recommendation

The downlink reference structure is split into two parts

· The primary reference signal corresponding to the reference symbols in the first two sub-frames of each 10 ms radio frame and within a frequency band corresponding to the BCH transmission band.

· The secondary reference signal corresponding to the remaining reference symbols

Only the primary reference signal is guaranteed to be transmitted in every radio frame. Thus only the primary reference signal can be used for cell search (including BCH demodulation).

For channel estimation for demodulation of DL-SCH and L1/L2 control signaling, the UE should be capable of self-contained channel estimation. In addition, at least in case of an FDD-based duplex arrangement, the UE should also be capable of non-self-contained channel estimation.

The concept of transport-channel-specific reference signals is adopted for MCH and DL-SCH transmission.
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