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1. Introduction

This paper describes a downlink reference-signal structure for the OFDM-based E-UTRA downlink. A text proposal for TR 25.814 Section 7.1.1.2.2 is given at the end of the paper. 

The main task of the downlink reference-signal structure is to support channel estimation for coherent detection and channel-quality estimation for link adaptation and channel-dependent scheduling
. The reference-signal structure should be designed so that it can efficiently support advanced antenna solutions such as dynamic beam forming, TX diversity, multi-layer transmissions, etc.

2. Reference signal structure

We propose a reference signal structure consisting of two parts: 

· Primary Reference Signal, being transmitted in the beginning of each 0.5 ms sub frame

· Secondary Reference Signal, being transmitted, when needed, further into the sub frame

2.1. Primary Reference Signal

For several reasons, it is beneficial to have Layer 1 control signaling (corresponding to the HS-SCCH of HSDPA), together with sufficient reference-signal energy to properly decode this signaling, in the first OFDM symbol of the sub frame:

· Potential UE power saving as the downlink scheduling information can be decoded by the UE at an early stage, allowing for “shut-down” of (parts of) the UE receiver for the remaining part of the sub frame if the decoded Layer 1 signaling indicates that there is no shared-data-channel (user data) transmission for the UE in this sub-frame, see Figure 1. Note that this can be seen as a form a “micro-sleep mode”.

· Possibility to begin shared-data-channel demodulation/decoding at an early stage, thereby allowing for more time for the shared-data-channel decoding for a given round-trip time.
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Figure 1
Thus, the primary reference signal consists of known symbols located in the first OFDM symbol of the frame and (frequency-)multiplexed with symbols being used for the L1 control signaling, see Figure 2. 
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Figure 2 Schematic structure of Primary Reference Signal. 

The following should be noted

· Not all Layer 1 control signaling needs to be located in the first OFDM symbol. The critical information, needed to enable power saving, is the information related to downlink scheduling and, possibly, shared-data-channel transport format. 

· The first OFDM symbol may not only carry the primary reference signal and Layer 1 control signaling. Depending on the amount of downlink resources needed for these signals, a smaller or larger part of the first OFDM symbol may also be used for transmission of the shared data channel.

2.2. Secondary Reference Signal

In addition to being used for demodulation of the Layer 1 control signaling, the primary reference signal should also be used for demodulation of user data, i.e. the shared data channel. However, in some cases the primary reference signal may not be sufficient for demodulation of the shared data channel. 

· The primary reference signal may be sufficient for demodulation of the low-rate (QPSK, low-rate channel coding) Layer 1 control signaling but may not provide sufficiently accurate channel estimation in the case when higher order modulation, e.g. 64QAM, is used on the shared data channel.

· In case of very high Doppler, the primary reference signal may not provide sufficient tracking capabilities over the entire sub frame

In these cases, additional Secondary Reference Signals may be transmitted as known Secondary Reference Symbols within the sub frame. As the secondary reference signal is only relevant for UEs that are to receive the shared data channel, no DRX-related power saving is relevant for the transmission of the secondary reference signal and thus the secondary reference symbol can be spread (“scattered”) over the chunks in a suitable (efficient) way. 

Note that there have been RAN1 contributions, e.g. [1] claiming that a primary reference signal according to above should be sufficient for demodulation also for the cases listed above (high-order modulation such as 64QAM and very high mobility). Thus the secondary reference signal should be seen as an assumption for the Study Item. If later studies within the SI can verify that the secondary reference signal is not needed, it should be removed. 

2.3. Support for multiple orthogonal reference signals

Multiple primary reference signals are needed for several reasons:

· Each cell obviously needs at least one primary reference signal. As pointed out in [2], it could be beneficial if cells/sectors of the same Node B could use mutually orthogonal reference signals
.

· In case of dynamic beam forming, each beam needs a primary reference signal for channel estimation
. It is beneficial if beams of the same cell could use mutually orthogonal reference signals. 

· In case of multi-antenna transmission (TX diversity, multi-layer transmission, etc.), there should be one orthogonal primary reference signal per antenna.

Note that these cases are not mutually exclusive, i.e. one could very well envision a cell with multiple dynamic beams where, in each beam, multi-layer transmission is carried out. Thus, in the general case, there could be a need for a relatively large number of orthogonal reference signals although, in most cases, just one or a few reference signal(s) is/are needed.

To create a set of mutually orthogonal reference signals, blocks of reference symbols can be modulated with orthogonal patterns, e.g.

· ON/OFF patterns, in practice creating multiple mutually orthogonal reference signals by means of FDM,

· orthogonal codes, such as OVSF codes,

· phase rotations [2].

Regardless of what method is being used, patterns of length N  (N sub carriers) are needed to create N mutually orthogonal reference signals. In the case when a large number of reference signals are needed, there may not be sufficient sub carriers in the first OFDM symbol to create these signals, especially in case of a radio channel with high frequency-selectivity. In that case, we propose that the primary reference signal could extend to the next, i.e. the second, OFDM symbol of the sub frame. 

Similar to the primary reference signal, multiple orthogonal secondary reference signals may also be needed. These should then be created in a similar way as above, i.e. by means of orthogonal patterns. 

For simplicity, it as proposed that the secondary reference symbols, when being transmitted, are punctured into the corresponding chunks.

2.4. Channel-quality estimation

In addition to being used for channel estimation, the primary reference signal should also be used for channel-quality estimation for downlink link adaptation and channel-dependent scheduling. Note that there seems to be little reason to use also the secondary reference signal for channel-quality estimation. If the channel is highly time selective, the channel variations would anyway not be possible to track by the transmitter, due to feedback delays.

3. Conclusion

This paper has presented a structure for the E-UTRA downlink reference signals. It is recommended that this structure is captured in the TR according to the text proposal below. 

It should be noted that the proposed reference-signal structure is a relatively flexible scheme that is proposed as an assumption for the Study Item at this stage. Based on future SI studies it may be possible to conclude that some of the proposed features are not required and the corresponding functionality should then be discarded.

Examples: 

· Later studies may show that the number of symbols in the first OFDM symbol is sufficient to support the required maximum number of primary reference signals. In that case, the possibility to extend the primary reference signal to the second OFDM symbol is not needed.

· Later studies may conclude that the primary reference signal is sufficient also for high-order modulation such as 64QAM and the highest anticipated E-UTRA mobility. In that case the secondary reference signal would not be needed.

4. References

[1]
R1-05714, “E-UTRA Downlink Pilot Requirements and Design”, Motorola

[2]
R1-050704, “Orthogonal Common Pilot Channel and Scrambling Code in Evolved UTRA Downlink”, NTT DoCoMo

--- Text proposal 25.814, Section 7.1.1.2.2  ---

7.1.1.2.2
Downlink reference-signal structure

The downlink reference signal(s)can be used for at least  

· Downlink-channel-quality measurements

· Downlink channel estimation for coherent demodulation/detection at the UE

· Cell search and initial acquisition

The downlink reference signal structure consists of known reference symbols, inserted into the time/frequency grid according to known patterns. The density of reference/pilot symbols in the time/and frequency domain should be sufficient to handle the highest time and frequency selectivity expected for E-UTRA. The use of an adjustable pilot density in order to adapt to different channel properties (time/frequency selectivity) should also be considered.




 

The downlink reference-signal structure consists of two types of reference signals, the Primary Reference Signal and the Secondary Reference Signal.
Primary reference signal

The primary reference signal consists of known primary reference symbols, located in the first OFDM symbol of each sub-frame. Primary reference symbols can be combined into orthogonal patterns in order to create multiple mutually orthogonal primary reference signals. Such orthogonal reference signals can be used to separate cells/sectors of the same Node B, dynamic beams, and antennas in case of multi-antenna transmission. In the case that there are not sufficient amount of resources (sub-carriers) to create the required number of orthogonal reference signals, the primary reference signal may be extended to include also symbols of the second OFDM symbol of the sub-frame.

Note that the primary reference symbols may not need to be at the same position in the frequency domain for each sub frame. Frequency hopping between consecutive sub frames may be applied to the primary reference symbols. 

Secondary reference signals

The secondary reference signal consists of known secondary reference symbols punctured into the chunks transmitted to a certain UE. Similarly to the primary reference signal, secondary reference symbol can be combined into orthogonal patterns in order to create multiple mutually orthogonal secondary reference signals. 

Secondary reference signals are only transmitted when the shared-data channel is being transmitted in a given chunk. 

Similarly to the primary reference signal, the secondary reference signal may frequency-hop between consecutive sub frames.

� The reference-signal structure could also be used as (part of) the signal needed to support acquisition and cell search.


� We regard fixed beams as essentially the same as a cell/sector. Thus the same is true also for fixed beams of the same cell.


� We assume that dynamic beam forming should be possible also for the Layer 1 control signaling.


� This assumes explicit feedback of channel-state information
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