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1. Introduction
In this contribution, EUTRA TDD (LCR-Based frame structure) downlink pilot setting scheme is proposed base on the transmit characteristic in TDD mode. According to the analysis of downlink pilot setting manner, we consider that combine the common and dedicated pilot scheme for EUTRA TDD pilot design.
2. Analysis of downlink reference symbols for EUTRA TDD
As mention in [1], 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
Reference symbols are located in the first OFDM symbol and the third last OFDM symbol of every sub-frame assigned for downlink transmission as mention in [1].

In TDD mode, UL and DL signal are transmit in the same bandwidth and UL and DL channel resource allocation is divided by time. In order to optimize the channel resource in uplink, resource is usually divided to some timeslots. And in TDD system there are multi timeslots between a pair of switching points. Figure 1 shows that the resource allocation for LCR-Based frame structure in 5ms radio sub-frame for EUTRA TDD. In figure 1, there is 7 traffic timeslots and 3 special time slots in 5ms radio sub-frame and one pair of switching points is included in 5 ms duration. TS4, TS5, TS6 and TS0(next 5ms radio sub-frame) are DL traffic timeslot. TS1, TS2 and TS3 are UL traffic timeslots.
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Figure 1      5ms radio subframe resource allocation for TDD
From figure 1 we can see that each TS6 is always conjoint with TS0 in the next radio sub-frame. So in this frame structure UL/DL resource is composed by multi consecutive DL timeslots or UL timeslots. For LCR based frame structure EUTRA TDD system, TS0 is always set as DL timeslot and TS1 is always set as UL timeslot.
Current reference signal design in [1] is: there are two reference signals in each downlink subframe and the spacing (in the frequency domain) between reference symbols of the same OFDM symbol is equal. Reference signals are transmitted in the whole system bandwidth using common omnidirectional manner. The downlink reference signal(s) can be used for downlink-channel-quality measurements or downlink channel estimation for coherent demodulation/detection at the UE.
In order to achieve fast frequency scheduling in EUTRA system, common reference signals should be sent in each DL sub-frame in whole system bandwidth whatever DL data should be sent so that better scheduling gain can be obtained. For example in figure 1, DL reference signals should be sent in common manner in all DL timeslot TS4, TS5, TS6 and TS0(next 5ms sub-frame) in whole system bandwidth, thereby UE can measure the whole downlink channel quality. eNode B can select the most appropriate channel for UE DL data transmission according to the scheduling strategy.
For FDD system, the uplink and downlink of the system work in separate frequency domain. Continuous data transmission can be provided in both link directions. Therefore, if reference signals are sent in common manner in all DL sub-frame in whole system bandwidth, UE can measure all downlink channel quality and report to Node B through uplink subframe quickly. Since eNode B can get the latest downlink channel quality information, it can use the most appropriate data format and downlink channel resource for DL transmission. And fast scheduling gain can be achieved and system efficiency can be improved. 
For TDD system, it's another story. For example in figure 1, assuming that DL common reference signals are sent in common manner in all DL timeslot TS4. TS5, TS6 and TS0(next 5ms radio sub-frame) in whole system bandwidth, when UE receive the common reference signals in DL timeslot TS4 it can get the downlink channel quality information base on the measurement on these reference signals. But there is no UL timeslot (the nearest UL timeslot to TS4 is TS1 in next radio sub-frame) at this time, UE can not feedback the DL channel quality information to eNode B. And measurement on the reference signals in TS5 and TS6 is similar. Therefore, the gain of sending common reference signals in whole system bandwidth can not be achieved. Only when UE does the measurement in TS0 in next 5ms Radio frame and report the measurement results to eNode B through TS1. eNode B can send the scheduling signaling in next DL timeslot base on the measurement report and adaptive scheduling can be achieved.
So for FDD system, the delay of UE report DL channel measurement information is mainly decided by single DL subframe length. But for TDD system, it is decided by the whole consecutive DL timeslot length. Due to the TDD characteristic, the delay of DL channel quality information feedback to eNode B is usually not very quickly. In order to reduce this delay, the general method is to add the UL/DL switching points and reduce the duration of a pair of UL/DL switching points.
From the analysis above we can see that for EUTRA TDD system in figure 1, in order to measure the whole system bandwidth DL channel only omnidirectional common reference signals need to be sent in one timeslot of consecutive DL timeslots between one pair of UL/DL switching point. UE measures the channel quality in whole system bandwidth and report the measurement results in the nearest UL timeslot. This will be the same as sending the common reference signals in all DL timeslots.
So considering the intention of reference signals using for DL channel quality measurement, we propose that common reference signals are not needed to send in all timeslots(sub-frames) in whole bandwidth for consecutive  DL timeslots(sub-frames) for TDD and can only be sent in one timeslot.

For other DL timeslots, only dedicated reference signals used for DL data coherent demodulation/detection are needed. Since dedicated reference signals are based on UE specific, it can be sent in many manners. For Example, when there is no data sent in some DL timeslots, no reference signals need to be sent in these timeslots. When rank adaptation MIMO technique is used, since data transmitted to different UEs in the same timeslot can use 2×2 MIMO or 4×4 MIMO, 2 or 4 reference signals in the different time/frequency sub-band can be sent according to the data transmission scheme. In addition, when eNode B send the data using beamforming, precoded reference signals ban be used to reduce overhead and improve system efficiency.
And for TDD systems, UE only need to measure downlink channel quality with reference signals of one downlink timeslot within one pair of uplink/downlink switching points. Since one UE only need to feedback one measurement result, resources used for uplink control signaling is reduced and system efficiency is improved. 
For EUTRA TDD system, common reference signals can be used for DL channel quality measurement and partly DL data coherent demodulation/detection and dedicated reference signals can be used for DL data coherent demodulation/detection. This has following advantages:

· Common reference signals need only be sent in one timeslot in whole bandwidth for consecutive DL timeslots for channel quality measurement. Overhead can be reduced and system efficiency can be improved.
· UE need only measure common reference signals in one timeslot of consecutive DL timeslots between one pair of switching points. Therefore UE complexity and power consuming can be reduced.
· Since there is no need to send common reference signals on every DL timeslots, adjacent cell interference can be decreased and system performance will be improved.

· UE need only feedback one channel measurement result within on pair of switching points, uplink control signaling overhead is reduced.
The main disadvantage of this scheme is that reference signals will not be sent if no data need to be sent in some timeslot and bandwidth. Therefore, timeslot (subframe) interpolation can not be used when doing channel estimation so that the performance of channel estimation will be impacted. Bur for TDD system, due to the timaslot burst characteristic, in order to do accurate channel estimation reference design in each timeslot is "self-contain", i.e. interpolation is not used between timeslots to do channel estimation. So this reference signal scheme will not impact TDD very much.
3. Impact on the control channel

In current control signaling scheme discussion, control signaling can be distinguished as shared control channel, such as Cat.1 for downlink scheduling information and dedicated control channel，such as Cat.2/3 for downlink scheduled information. For shared control channel, its information should be received by each UE in the cell. So it must be sent using common omnidirectional reference signals.
As discussed in section 2, using both common and dedication reference signals for TDD downlink. Since common reference signals only need to be sent in one timeslot in whole bandwidth for consecutive DL timeslots between one pair of UL/DL switching point, the information in shared control channel can be sent in this timeslot to reduce the reference overhead.

Shared control channel consist some important information such as resource allocation information, this information need to be sent to UEs as quickly as possible. In TDD system, downlink timeslot resource scheduling is always scheduled base on channel quality feedback in uplink. So the most appropriate way for shared control channel is to allocate the downlink channel resource in the first DL timeslot after consecutive UL timeslots. For example in figure 1, if channel quality information is feedback in UL timeslot TS3, shared control signaling can be sent in TS4 since there is no more uplink feedback information in this UL/DL switching duration.
So in one pair of switching point duration, common reference signals can be sent in the downlink timeslot adjacent to the uplink/downlink switching point, for example the TS4 timeslot in figure 1. Shared control signaling sent in TS4 timeslot not only indicates channel resource allocation for the present timeslot but also for TS5, TS6 and TS0 within the same switching point duration. When UE receives the shared control signaling it can do coherent demodulation/detection for control signaling through common reference signals in TS4. Therefore, combining the common and dedicate reference signal scheme will not impact the transmission of control signaling and efficiency. For TDD system, UE need read downlink shared control signaling only once in consecutive downlink timeslots to get the resource allocation scheme for all timeslots.  
With this method, eNode B does not need to send the control signaling in each DL timeslot. All control signaling for consecutive downlink timeslots can be sent in one downlink timeslot. Thus the control signaling overhead is saved and resource efficiency is improved. Meanwhile the system performance will not be reduced. 
4. Conclusions

In this contribution, aiming to the characteristic of LCR based frame structure for EUTRA TDD, we have analyzed the downlink reference signal transmission scheme.  From the analysis results we can see that combination of common and dedicate reference signal scheme for TDD system can improve the resource efficiency and will not impact the performance of system. Therefore we propose that the downlink reference signal design for EUTRA TDD can use following rules:
· Using combined common and dedicated scheme in one pair of UL/DL switching point. Common reference signal used for channel quality measurement only need to be sent in one downlink timeslot.

· Within one pair of UL/DL switching points, common reference signals used for channel quality measurement are suggested to be sent in the downlink timeslot adjacent to the UL/DL switching point.
· Shared control signaling especially signaling used for downlink channel resource allocation can be sent in the same timeslot together with common reference signal used for channel quality measurement to reduce the overhead.

· Dedicated reference signals can be sent in all downlink timeslots within one pair of switching points. It is mainly used for coherent demodulation/detection for different UEs.
· According to the different data transmission method, dedicated reference signals can be sent with different methods. For example, dedicated reference signals need not be transmitted in timeslots with no downlink data.

We propose to capture this method for EUTRA TDD (LCR-based frame structure) as text in TR 25.814.
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