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1. Introduction
In the last RAN WG1 meeting, the DL RS Working Assumption was changed in order to enhance the performance for a 4-Tx LTE system in case of a eUE velocity of 350 km/h, by relocating the WA RS symbols of the 3rd and 4th Tx antennas from OFDM symbol 1 to OFDM symbol 2 [1]. This also reduces the effects of RS power overboosting
 [2]. In this contribution, we show that the Reduced-Latency DL RS structure as we propose for FDD since March 2006 [3] already covered these items, while in addition providing reduced latency of up to 2 OFDM symbols for both the control and user data.
2. Channel estimation for the control channel
It is assumed that the control channel is positioned in the first 3 OFDM symbols of each subframe. The current DL RS according to the WA foresees RS symbols in the 1st and 2nd OFDM symbols in each slot [4], as proposed in [1]. However, in [1] it is revealed that at an eUE velocity of 350 km/h and using the WA RS, it is necessary to use also the RS in the 5th symbol.

As known, the RL RS is domesticated in the 3rd and the last OFDM symbol of each slot [5], which means (at least for FDD) that it is available immediately before the first OFDM symbol in each slot (this could also be expressed by saying that the RL RS is in the “0th” and the 3rd OFDM symbols in each slot).
According to the working assumptions, in each 2-slot subframe the control channel precedes the data channel and it needs to be decoded prior to the data channel. The Cat.1 control data would indicate to the eUE whether the subframe contains data for the eUE, while frequency/layer/MCS scheduling is indicated in the Cat. 2 and Cat.3 control data. Thus, as soon as the Cat.1 control data is received and decoded, and it indicates that the subframe does not contain data for the eUE in question, the eUE can stop buffering the received signal and conserve energy. It is assumed here that Cat.1 control data may be concentrated in the first OFDM symbol in each subframe. In that case, the microsleep could be even further extended. However, even when the eUE always has to read all categories of the control channel, the RL RS enables the eUE to enjoy a longer microsleep until the start of the next TTI.
Using the RL RS,
· even at 350 km/h, the channel estimation for the Cat.1, Cat.2 and Cat.3 control channel can be started immediately after the reception of the 3rd OFDM symbol, providing a latency reduction of 2 OFDM symbols in comparison to the WA RS;

· even at 350 km/h, the channel estimation for the Cat.1 control channel when concentrated in OFDM symbol 1 will be sufficiently served by the 2-Tx or 4-Tx RL RS in OFDM symbol 1 (i.e., the last OFDM symbol in the previous subframe), maximizing the micro-sleep period;

· the control channel data in the 2 first OFDM symbols do not suffer any degradation from RS overboosting as they are not co-located with the RL RS.
Note that these arguments are based on the RL RS being exact the same as it has been proposed from the first introduction one year ago [3], thus RL RS actually showing a higher stability than the WA RS. 
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Figure 1
3. Channel estimation for the data channel
With the 4-Tx WA RS having been modified to occupy the 2nd OFDM symbol for antennas 3 and 4 in each slot, after the reception of the data the eUE receiver has to wait up to 2 further OFDM symbols (which means an increase of 1 OFDM symbol compared to the pre-St.-Louis WA RS) before the channel estimation and the further data signal processing can be started. This cannot be avoided even at medium eUE velocities, as the time distance between RS symbols for antennas 3 and 4 amounts to a complete slot (contrary to the RS symbols for antennas 1 and 2, which appear twice each slot).

Using the RL RS, the data enjoys immediate processing after its reception with optimal channel estimation, independently of the eUE velocity.

4. TDD/FDD
Note that the RL RS unfolds the above benefits especially in the FDD signal. Having a look at TS36.211, it seems that there are some aspects for TDD only (including a complete "alternative frame structure") for which no commonality with FDD is foreseen. FDD and TDD being very different techniques, each with own characteristics and peculiarities, it seems only logical that both schemes should be equipped with RS structures which are optimal for each scheme on itself as far as justifiable. From an implementation point of view, the eventual difference between (TDD) WA RS and (FDD) RL RS comprises only RS timing at OFDM symbol granularity and FDD/TDD commonality really stays preserved to a very large extent. It should be reconsidered, whether a beneficial feature should be refused to FDD only because it does not bring clear benefits to TDD.
5. Summary and Conclusion
As discussed in this document, for FDD, in comparison to the current Working Assumption RS, the Reduced-Latency RS
· reduces data latency by 1 OFDM symbol for the 2-Tx case and by 2 OFDM symbols for the 4-Tx case;
· reduces signalling/control latency by up to 2 OFDM symbols;
· effectively reduces the effects of RS power overboosting;
· does not need to wait for RS symbols at 1 or 2 OFDM symbols after the end of the (signalling/control or user) data even at 350 km/h;

it is proposed to adopt the RL RS at least for FDD. 
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� Note that "overboosting" is used here to express RS power boosting which exceeds the implicit 3 dB and 6 dB boosting which occurs when the Tx mode changes from 1 Tx to 2 Tx and to 4 Tx, respectively, as the T/F positions for RS symbols on one Tx antenna are not used on the other Tx antennas).
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