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1 Introduction
For LTE operation, single-stream beam-forming with one dedicated reference signal has been agreed. The dedicated reference signal (DRS) pattern for normal CP has been adopted in [1], for both FDD and TDD. In this contribution we present a DRS pattern for extended CP case. 

2 DRS pattern for extended CP

The Common Reference Signals (CRS) and Dedicated Reference Signal (DRS) for extended CP are shown in Figure 1. PDCCH  spans the first three symbols in time, hence DRS are placed in the remaining nine symbols. Four symbols with DRS in time per subframe are needed (two in each slot) to allow local and distributed transmission of PDSCH with high reliability. In slot # 0, allowing three symbols for PDCCH, the last three symbols may contain DRS and it is proposed that the DRS placement in time could be in symbols # 3 and # 5. In frequency domain, there is one sub-carrier allocated to DRS every 6 sub-carriers. Note that higher granularity in frequency is not possible in symbol # 3 due to collision with CRS. In slot #1, the DRS placement in time is in symbols # 1 and 4, with same granularity in frequency as in slot #0. Hence, a total of 8 DRS per Physical Resource Block (PRB) per TTI are available for extended CP. Previous results in [3] show that 8 DRS are enough. More insights on the benefits of the proposed pattern are presented in the next section. 
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Figure 1 CRS pattern for extended CP
3 Collision with P/S-SCH and P-BCH

In [2], the collision between P/S-SCH, P-BCH and DRS is investigated in the case of normal CP. Similar issues happen for the extended CP case as the above mentioned channels also collide with the dedicated pilots. As proposed in [2], the solution is not to transmit DRS specifically in the symbols where collision happens. In figure 2 both P/S-SCH, P-BCH and the DRS pattern from figure 1 are presented for FDD and TDD. It can be seen that the design of DRS has a minimum collision, however, for example P-BCH collision cannot be avoided. 
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Figure 2. Left: FDD - Arrangement of P/S-SCH and P-BCH and DRS for extended CP.

Right: TDD - Arrangement of P/S-SCH and P-BCH and DRS for extended CP.

Considering the proposed 8 DRS pattern for extended CP, to avoid collision only 4 and 6  DRS per PRB per TTI are available in FDD and TDD respectively. As in normal CP case [2], this means that BF operation in mid 6 PRBs in subframes containing P-SCH and P-BCH can be supported albeit with some marginal to mediate  performance penalty for TDD and FDD, respectively, and it is up to eNB scheduler to take this performance degradation into consideration. Distributed transmission mode in this case may be problematic as only one DRS in slot #1 available for PDSCH detection.
4 Conclusions

In this contribution we have presented a dedicated reference signal pattern for extended CP. The proposed design is applicable for both FDD/TDD and  takes into account the recommendations made in [1]. 
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