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1
Summary
We propose to define a new channel model consisting of multiple GSM TU channel clusters for SFN MBMS link evaluation.

Based on the reference signal structure evaluation for SFN based MBMS, we observe that the cell common scattered pilot overhead can be kept at 20% for non Tx diversity scenarios.
2
Power Saving Mode for Multicast
The traffic pattern of multicast varies over longer timescales compared to unicast. The control channel of E-MBMS has the same role as R6 MCCH and indicates the multicast channel content over the next allocation period. 

This implies that the control channel for E-MBMS doesn’t have to be sent every sub-frame as for unicast, but can be sent very infrequently. This was the basis of the candidate channel structure shown in [1], wherein a preamble is sent once every 1000ms superframe, as shown in Figure 1.
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Figure 1

E-MBMS Channel Structure
The structure allows for a Macrosleep Mode, wherein a UE interested only in multicast content could shut off the baseband and potentially RF Rx chains for a much longer time span. The UE could decode the preamble at the beginning of every superframe to see if any channels of its interest are being transmitted. If not, it can go into a macrosleep mode and “wake up” at the next superframe boundary.
From this perspective, the reference signals for MBMS can be scattered throughout the sub-frame, as opposed to being concentrated on one or more symbols.

3
Simulation Assumptions
3.1
Numerology
The link performance is evaluated using the following reference numerology.
	TTI
	0.5 ms

	Symbols / Slot
	6

	FFT size
	512

	Flat guard samples 

(Number of symbols)
	120 (6)

	Flat guard period 

(Number of symbols)
	15.625 µs (6)

	Window length 

(Number of samples)
	1.04 µs (8)

	Guard tones per symbol
	212

	Pilot tones per symbol
	60

2x Scattered
	40

3x Scattered


Table 1

Evaluation Numerology 
3.2
Assumptions
The rest of the simulation assumptions are outlined below:

· Dual Rx antenna

· Interference and noise modeled as bandlimited noise process

· Triple cluster GSM TU channel
· Three TU clusters spaced apart by 5 µs each
· SFN delay spread = 15 µs

· UE speed = 120 kph
3.3
Pilot Structure

For the triple cluster TU channel, the SFN delay spread is 15 µs.

We consider two candidate scattered pilot structures:

· 2x scattered structure with 60 pilot tones per symbol

· Overhead = 20%

· 3x scattered structure with 40 pilot tones per symbol

· Overhead = 13.33%

Both structures allow for estimating a channel with 120 independent taps (15.625 µs) without any aliasing.
However, there are a couple of differences:

· The effective pilot SNR is higher with a 2x scattered structure

· The power is uniformly distributed across all tones for 2x and 3x structures

· For a given data rate, the code rate is smaller with a 3x scattered structure
3.4
MCS Setup
As was seen in [2], the coverage edge SNR for SFN multicast is high enough to support 16-QAM and perhaps even 64-QAM for the micro-cell scenarios (500m inter-site distance).
The candidate TB size, modulation and number of data tones are shown below.
	Modulation
	TB Size
	Scattering
	Number of data tones
	Code Rate

	16-QAM
	2880
	2x
	240
	0.50

	
	3840
	
	
	0.67

	64-QAM
	
	
	
	0.44

	16-QAM
	2880
	3x
	260
	0.46

	
	3840
	
	
	0.62

	64-QAM
	
	
	
	0.41


Table 2

Candidate MCS
4
Results
In Figures 2-4, we analyze the BLER vs. C/I per antenna with a time/frequency scattered pilot.
[image: image2.png]BLER

10

10

10°

16-QAM - Rate 1/2 - Triple Cluster TU120

—— X
—6— 3x

-1 0

C/ per Antenna (dB)




Figure 2

16-QAM – Rate 1/2
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Figure 3

16-QAM – Rate 2/3
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Figure 4

64-QAM – Rate 4/9
5
Summary
It is seen that for the triple cluster TU channel, the link performance with a 2x scattered pilot structure is better than the performance with a 3x scattered structure at 1% BLER operating point.
It is recommended that the cell common pilot density in time/frequency domain be set to ~20%.
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