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1
Introduction
In this document, we analyze different RS structures in multiple scenarios:
· Nominal Unicast CP = 16.66 µs
· Multiplexed unicast (PDCCH + ACKCH) + MBSFN transmissions

· Unicast or stand-alone MBSFN with 7.5 KHz tone spacing
Throughout this document, we will refer to {4.69, 16.66, 33.33} µs as {short, long, longer} CP.

2
Scenarios
2.1
Long CP Unicast
The current RS structure outlined in TS 36.211 for long CP is identical to that for short CP. This implies that by using the specified RS structure, the channel estimate by any UE will suffer from aliasing if the delay spread is greater than 13 µs. 
Therefore, even if the CP duration spans 16.66 µs, effectively this numerology cannot be used if the unicast delay spread exceeds 13 µs.
To avoid this mismatch between CP duration and channel estimation accuracy, we propose to evaluate the structures outlined in Figures 1 and 2.

Option A is designed for an efficient operation in high doppler scenarios, while Option B is designed with the objective of lower overhead.

2.2
Multiplexed Unicast and MBSFN -- Short CP Unicast + Long CP MBSFN

In this scenario, unicast transmissions entail ACKCH and PDCCH only – there is no unicast data present. Further, as one can expect, the overhead associated with orthogonal RS from multiple Tx antennas can be quite significant for long CP. We assume that the ACKCH and PDCCH span 2 OFDM symbols at most. There are two options, as we outline in Figures 3 and 4. 

In option A1, there is no change in the unicast RS structure. However, the RS overhead is large. In option B1, the unicast RS are absent in the 2nd slot of the 1ms subframe. Given that there is no unicast data in the 1ms subframe, these options are useful in reducing the overheads. However, there is an impact on CQI accuracy and any coherent demodulation in subsequent subframes.

[image: image1.emf]Freq

DL Unicast Pilot Pattern – Long CP – Option A
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Figure 1

Long CP Unicast – Option A
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DL Unicast Pilot Pattern – Long CP – Option B
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Figure 2

Long CP Unicast – Option B
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DL RS Pattern – Unicast + MBSFN – Option A1
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Figure 3

Short CP Unicast + Long CP MBSFN – Option A1
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DL RS Pattern – Unicast + MBSFN – Option B1
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Figure 4

Short CP Unicast + Long CP MBSFN – Option B1

2.3
Longer CP Unicast or MBSFN
The RS overhead in longer CP numerology can be fairly substantial. Option A is designed for 4 stream MIMO with unicast, while Option B is designed with the objective of lowering the overhead with 2 stream MIMO + CDD based diversity from other physical antennas if available. For MBSFN 1 stream CDD based diversity from all antennas is preferred due to the reduced RS overhead.
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DL RS Pattern – Longer CP – Option A
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Figure 6

Longer CP – Option A
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DL RS Pattern – Longer CP – Option B
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Figure 7

Longer CP – Option B








































































































































































































































































































































































































































































































































































































































































































































































































































