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1. Introduction
RAN WG1 has recently made progress in defining the DL RS structure, and a working assumption has been agreed. Figure A1 in the Annex shows the reference symbol structure which was agreed in RAN1#48. 
On the other hand, [1] [2] point out that there is the performance degradation of PDSCH (Physical Downlink Shared Channel) in high-mobility UE.  A 4Tx antenna NodeB is necessary to support high throughput service via 4Tx MIMO. While [1][2]’s results show that if 4Tx NodeB only support 4Tx diversity as diversity scheme, there is severe performance degradation in high-mobility scenarios, which is problematic in cases where NodeBs need to support many high-mobility UEs, e.g., where NodeBs are located along the rail road/high way. In those cases, sector throughput could be reduced because of the performance degradation in high-mobility UE.

Moreover, it was also agreed in RAN1#47 that the eNodeB can control whether to send RS3 and RS4 because a 2-RS structure has an advantage considering the overhead of RS’s [3].
In this contribution, we discuss the advantages of 2-RS structure in the PDSCH’s decoding performance point of view especially in high-mobility UE case. In section 2, we will discuss the other companies’ simulation results in the view point of PDSCH’s decoding performance in high-mobility UE. In section 3, we will discuss the candidate of solution for this high-mobility UE problem.
2. PDSCH decoding performance in high-mobility scenarios
2.1. Consideration of [1][2]’s results
References  [1] and [2] point out that there is the performance degradation of PDSCH in high-mobility UE scenarios. When there is need to apply high rate MCS for the  PDSCH, performance degradation due to the low density of reference symbol of Tx3 and Tx4 will result as depicted in Figure A1.

 For example, [1] shows reduction of sector throughput even in 120km/h case;  thus it is obvious that there is more severe sector throughput reduction in 300km/h case.
Reference [2] shows more than 3dB performance degradation in a  350km/h case even with QPSK and R=1/2 coding. It is also obvious is the performance degradation may prohibit the use of higher order MCS, i.e. 16QAM or 64QAM.

3. Solutions for the high-mobility UE problem
Based on the issues raised in section 2, we can consider solutions such as:
· Increasing the density of reference symbol of Tx3 and Tx4

· Reconsidering/Additional 4RS structure

· Using dedicated pilot channel for 4Tx diversity

· Not using reference symbol of Tx3 and Tx4 for decoding

· Selection of Tx diversity scheme between 2Tx diversity and 4Tx diversity [4]

· Selection of RS structure within one radio frame between the 2-RS and 4-RS structures[5][6]

 “Reconsidering/Additional 4RS structure” means that the channel estimation error of Tx3 and 4 can be reduced by sending reference symbols more densely distributed in time and frequency compared to the current Working assumption (Figure A1).
“Using dedicated pilot channel for 4Tx diversity” means that we keep the RS structure as per the current WA and the channel estimation error of Tx3 and 4 can be reduced by sending an additional dedicated pilot for high mobility UE. And these are different from each other at RS overhead point of view. “Reconsidering/Additional 4RS structure” requires additional overhead all time. But “Using dedicated pilot channel for 4Tx diversity” requires additional overhead only when needed.
By using these schemes, we can reduce the performance degradation in 4Tx diversity at the expense of increasing the RS overhead.
 On the other hand, “Not using reference symbol of Tx3 and Tx4 for decoding” means that UE will not use the channel estimation results of Tx3 and 4 for PDSCH decoding. For example, the NodeB keep RS structure and transmit PDSCH signals from only Tx1 and 2 as shown in [4]. Another example is that the NodeB selects each subframe’s RS structure and  if scheduler allocates high mobility UE to the 2-RS structure subframe, we can solve above cell coverage problems as shown in [5][6]. However in these schemes, it is necessary to define how to select subframe’s RS structure in the specification.

 Moreover ( [5][6]), cell coverage will be reduced in 4-RS structure scenarios because of  PDCCH’s transmission power reduction, interference increase from adjacent cells and high mobility UE performance degradation.
 We prefer the solution of selecting RS structure within one radio frame between the 2-RS and 4-RS structures [5][6] because we can solve high-mobility UE and cell coverage problems at the same time.

 RS structure selection is agreed as conclusion in RAN1#47, and we believe that above scheme meet this. 
4. Conclusions
 In this contribution, we discussed 4-RS and 2-RS structure in the PDSCH(Physical Downlink Shared Channel)’s decoding performance point of view. In section 2, we showed that there is the severe performance degradation of PDSCH in high-mobility UE due to the channel estimation error, and this will cause the sector throughput reduction if NodeBs are along the rail road/high way. In section 3, we showed several solutions as a solution for high-mobility UE problem. And our preference is the scheme that allow the selection of RS structure within one radio frame between the 2-RS and 4-RS structures as described in [5][6]. By using this scheme, we can solve the high-mobility UE problem.
 While, we believe that above solution meet the conclusion of allowing as RS structure selection that was agreed in RAN1#47.
Sharp’s position: 

· The 2-RS structure is easier design solution for the robustness of high mobility performance w.r.t. 4-RS structure.
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Appendix A
Figure A1 shows the reference symbol structure for 4-TX antenna.　This RS structure is agreed as working assumption in RAN1 #48.
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Figure A1 Reference symbol structure for 4-TX antenna (WA)
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