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1. Introduction
In current SDD [1], the basic concept about E-MBS zone specific pilot is described in 11.5.3.2. However, the E-MBS zone specific pilot patterns have not yet been defined. According to current EMD [3], MBSFN channel models for inter-site distance (ISD) 1.5km and 5km have much larger delay spread than ITU-R VA and PB channel. Therefore, we may need to increase pilot density to accommodate severe frequency selectivity. In this contribution, we propose the E-MBS zone specific pilot patterns and corresponding text for AWD [2].
2. Proposed E-MBS Zone Specific Pilot Pattern
According to current SDD, the multicast broadcast single frequency network (MBSFN) is supported to enable macro-diversity transmission. Traffic can be transmitted through synchronous ABSs in the same EMBS zone. The AMSs in the served MBSFN zone would receive signal that comes from multiple BSs and the equivalent channel seen from the AMSs will be longer than that in the single-cell transmission. Consequently, it possesses severer frequency selectivity. The MBSFN channel model for ISD equals to 1.5 km and 5km have been defined in current EMD.
In order to facilitate satisfactory channel estimation accuracy in such a long delay spread channel, pilot density may be increased. We propose following E-MBS zone specific pilot patterns and compare it with other proposals by Monte Carlo link level simulation to justify its superiority.
Figure 1 shows the four E-MBS zone-specific pilot patterns in comparison. The pilot overhead of each pattern is different (SDD unicast, Samsung: 11.1%; ITRI: 16.67; Intel: 22.2%).
Table 1 outlines parameters used for conducting simulations. Note that since CP used in simulation is 11.43 us which is shorter than maximum delay spread of MBSFN channel with ISD equal to 5 km (i.e. 24.5 us), this results in inter-symbol interference (ISI) and inter-carrier interference (ICI). In the simulation, we did not assume any ISI or ICI mitigation schemes. In addition, we assume perfect knowledge of channel profile when designing interpolation coefficients of pilot-aided channel estimation.
Table 1. MBSFN pilot simulation parameters

	OFDM Parameters
	FFT Size 1024; G = 1/8 (CP length = 11.43 us)
Nominal BW = 10 MHz; Carrier frequency = 2.5 GHz

	Channel model
	MBSFN ISD = 1.5km/5 km
Vehicular speed = 120 kmph

	CE parameters
	2-D MMSE, Window size = 3PRU, 

4-contiguous PRU is assumed

SNR, Doppler, Delay spread are assumed known

	Pilot Pattern
	Intel, ITRI, Samsung and SDD 2-stream pilot pattern

	Data Size
	4 PRU

	Permutation
	Tone-pair Logical DRU

	MIMO mode
	Rate-2 SM [2Tx,2Rx] and Rate-1 SFBC

	MIMO Detector
	Soft MMSE detector

	MCS
	QPSK ½ , 16QAM 1/2, 16QAM 2/3 64QAM 2/3 with LTE CTC

	Pilot Boosting (over data power)
	5 dB
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Fig. 1 E-MBS zone specific pilot patterns in comparison

Fig. 2 shows the throughput results in MBSFN 1.5km channel cases. Since there is no ISI in this channel model, we could transmit with higher modulation coding order even in rank-2 spatial multiplexing MIMO scheme. ITRI’s pilot pattern has similar performance compared with Intel’s but has lower pilot overhead. In the high SNR region of each modulation coding order, SDD unicast and Samsung’s pilot patterns can support higher throughput due to low pilot overhead. However, ITRI and Intel’s pilot patterns outperform in the intermediate SNR region of each modulation coding order because their ability of acquiring more accurate channel information. 
The throughput results in MBSFN 5km channel cases are shown in the figure 3. Since there is severe inter-symbol interference and inter-carrier interference in this large ISD channel, it may be difficult to support rank-2 spatial multiplexing transmission when transmitting high order modulation coding schemes (MCS). In the simulation, we adopt SFBC transmission to increase diversity gain in such a (relatively) low SINR regime. As mentioned before, no any ISI/ICI mitigation technique is applied. It is shown that ITRI and Intel’s higher density pilot patterns have noticeable performance gain compared with SDD unicast and Samsung’s low overhead pilot patterns.
For the case that only single pilot pattern is used in both small or large ISD MBSFN channel, we recommend to adopt ITRI’s zone-specific pilot pattern. For the case that BS can adapt pilot patterns to different inter-site distance in MBSFN, we suggest to use ITRI’s zone specific pilot pattern for large cell size.
[image: image2.emf]51015202530354045

0

10

20

30

40

50

60

SNR (dB)

Throughput (M Bit/Sec)

Throughput

 

 

Intc2 16QAM1/2

Intc2 16QAM2/3

Intc2 64QAM2/3

Itri 16QAM1/2

Itri 16QAM2/3

Itri 64QAM2/3

Samsung 16QAM1/2

Samsung 16QAM2/3

SDD 16QAM1/2

SDD 16QAM2/3


Fig. 2 Link level throughput Comparison of E-MBS pilot pattern over ISD=1.5km, 2x2 SM
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Fig. 3 Link level throughput Comparison of E-MBS pilot pattern over ISD=5km, 2x2 SFBC
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4. Text proposal for the 802.16m amendment
Insert the following text and figure in IEEE 802.16m/D1 in xxx on page XXX:
============================== Proposed text start ===================================
The E-MBS zone specific pilot pattern for small cell size (e.g. ISD = 1.5km) is the same as unicast pilot pattern shown in Fig. 454. For large cell size such as ISD = 5km, the E-MBS zone specific pilot pattern is shown in Fig. ZZZ.
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Fig. ZZZ E-MBS zone specific pilot pattern for large cell size

============================== Proposed text end ===================================
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