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1
Introduction

Currently, the RS structure for short CP and long CP is identical in frequency domain, namely sampled once every 90 KHz per symbol and staggered in time within the subframe. This leads to channel sampling every 45 KHz.

However, to date, there hasn’t been any analysis on the impact of RS structure for long CP in the presence of very large delay spreads seen in unicast channels.

With this view, we evaluate the link performance of PDSCH with the long CP numerology in highly frequency selective channels. We compare the following two reference signal structures for 1 Tx antenna:

· Density 1/6
· RS are transmitted on every 6th tone in OFDM symbols {1, 4, 7, 10}
· Overhead = 5.56% for 1st Tx antenna
· Density 1/4

· RS are transmitted on every 4th tone in OFDM symbols {1, 4, 7, 10}
· Overhead = 8.33% for 1st Tx antenna
2
RS structure and channel estimation

The RS structure for each scenario is shown below:
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Figure 1: RS structure for long CP with density 1/6
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Figure 2: RS structure for long CP with density 1/4
3
Simulation Set-up
Table 1 describes the numerology and the resource allocation for the link throughput simulation. Transmitter, channel, and receiver configurations are as follows:

· 1x2 antenna configuration
· Vehicular-B channel, 3km/h
· Bandlimited white interference and noise

· 5 MHz system BW

· Channel estimator length – 15 OFDM symbols

· Feedback delay for CQI – 3 TTIs (or, 3ms)
· Generation of CQI– Modulation order constrained (up to 64QAM) capacity formula based effective SINR method averaging the MRC-combiner output SINR of individual tones

· Number of parallel H-ARQ processes – 6

· Maximum number of retransmissions – 4 (including the first transmission)

· Adaptive H-ARQ BLER control – 10% BLER target after the first transmission 

· Sub-band scheduling – 5 sub-bands are assumed in 5 MHz system BW, each of which having 5 resource blocks (i.e., 900 kHz BW). 
· Number of data symbols – 6 OFDM symbols per TTI
· Non-pilot OFDM symbols {5, 6, 8, 9, 11, 12} are used for PDSCH transmissions
	Slot duration
	0.5 ms

	Subframe duration
	1 ms

	Symbols / Subframe
	12

	FFT size
	512

	Tone spacing
	15 KHz

	Flat guard samples
	120

	Flat guard period
	15.6 µs

	Window length
	1.04 µs

	Guard tones per symbol
	212

	Pilot Allocation
	See Figures 1 and 2

	Data Allocation
	5RBs

	Sub-band size (CQI reporting unit)
	900 kHz (5 RBs)

	RB size
	180 kHz (12 tones)


Table 1
Evaluation Numerology 
The Vehicular-B channel delay and power profiles are given in Table 2.

	Vehicular-B
	Path 1
	Path 2
	Path 3
	Path 4
	Path 5
	Path 6

	Delay (usec)
	0
	0.3
	8.9
	12.9
	17.1
	20.0

	Power (dB)
	-2.5 
	0
	-12.8
	-10.0
	-25.2
	-16.0


Table 2

Normalized power and delay profile

Table 3 describes the MCS format used for adaptive modulation and coding, which is composed of 32 entries (but the last 5 entries are reserved). Thus, we may allocate 5 bits for the CQI description.
	Packet format index
	Spectral efficiency per antenna on the

 1st transmission

(bits/tone)
	Modulation order

	0
	0.259
	2

	1
	0.396
	2

	2
	0.487
	2

	3
	0.579
	2

	4
	0.703
	2

	5
	0.841
	2

	6
	0.969
	2

	7
	1.118
	2

	8
	1.278
	2

	9
	1.444
	4

	10
	1.754
	4

	11
	1.971
	4

	12
	2.204
	4

	13
	2.447
	6

	14
	2.683
	6

	15
	2.922
	6

	16
	3.296
	6

	17
	3.571
	6

	18
	3.828
	6

	19
	4.115
	6

	20
	4.399
	6

	21
	4.681
	6

	22
	4.961
	6

	23
	5.224
	6

	24
	5.461
	6

	25
	5.653
	6

	26
	5.801
	6

	27
	5.801
	6

	28
	5.801
	6

	29
	5.801
	6

	30
	5.801
	6

	31
	5.801
	6


Table 2
MCS Table
3
Simulation Results
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Figure 3
Throughput (kbps) vs. geometry (1x2, 3km/h, Veh-B, scheduling bandwidth = 5 RBs, scheduling data symbols = 6 per TTI)

From Figure 3, we observe the following:

· The RS structure with density 1/4 outperforms the structure with density 1/6
· The difference is 0.5 dB at low SNR and 2.5 dB at high SNR
Note that the Veh-B channel delay spread is 20 µs.
Further, in this document, we have neglected the impact of OS across multiple cells within same eNB. If one chooses to despread across the OS to suppress other cell RS interference, the performance with 1/6 RS density is expected to be much worse.
4
Summary and Conclusions
Based on the performance shown in this document, we propose to adopt the following for E-UTRA:

· RS density of 1/4 for long CP numerology

· RS overhead = {8.33%, 16.66%, 25%} for {1, 2, 4} Tx antennas
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