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1 Introduction

The spectral efficiency of Release 6 MBMS ranges only from 0.02 bps/Hz to 0.25 bps/Hz [2] [3] for both FDD and TDD. In LTE EMBMS, using a common scrambling code within an SFN (single-frequency network) area is being discussed, and channel structure of E-MBMS should be flexible deployed TDM mode and unpaired spectrum to improve the spectral efficiency. TDD just possesses these potentials in providing higher data rates for broadcast/multi-cast services. Thanks to the inherent characteristic of TDD networks, tight inter-cell synchronization is already realized. So it is quite easy to deploy SFN transmission within one RNC area.

During the RAN plenary meeting #35, the proposed WI for MBMS LCR TDD physical layer enhancements was approved [1]. In this paper SFN approach based on LCR TDD structure is discussed and analyzed. We found that C/I can be greatly improved and rich macro-diversity is achieved by using this new approach. So SFN approach should be captured as one of the feasible physical enhancement for LCR TDD MBMS. Other changes in network to support SFN enabler is also discussed in this paper.
2 Brief overview of system deployment

An SFN operation needs to configure a common scrambling code together with a common midamble code for each Node-B within an SFN transmission area, and the same physical layer data being transmitted on every cell at identical time instants with the same physical recourses as well. SFN timeslots are TDM with the traditional non-SFN traffic timeslots. For SFN timeslots, a separate cell ID is assigned for each individual SFN transmission service. A separate cell ID and a common scrambling code together with a common midamble code can be assigned via higher layer signalling to each Node-B in an SFN area.

In an SFN network, it is critical to make sure that the all the potential useful signals form all the SFN cells can enter the receiver window. According to the R6 LCR MBMS scenario parameters (site-to-site=1386m, 19 sites, 57sectors deployment), we find that within a relative distance window 99% of the useable received signals (signals falling within a 20dB dynamic range of the maximum received signal) roughly arrives at the point of 2620m or 8.7μs. The following figure 1 shows this result. Thus we can make a conclusion that for LCR TDD structure, 16chip (12.5μs) receiver window with 16chip GP is longer enough to cope with the multipath delay spread from different cells. The current UTRA LCR TDD structure is suitable to support SFN transmission.
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Figure 1  Relative distance CDF
3 Simulation Results

We consider one deployment scenario, which is corresponding to 1.6MHz macro-cellular deployment. This scenario is adopted in UTRA LCR TDD release 6 MBMS. The parameters for the deployment scenario are listed in table 1.
	Parameter
	TDD R6 MBMS

	Cellular layout
	Hexagonal grid, 19 sites

	Sectorisation
	3 sectors/site, total 57 sectors

	Carrier frequency
	2000 MHz

	Site-to-site distance
	1386m

	Node B antenna gain (including cable loss)
	15dBi

	Node B horizontal antenna pattern
	3dB 65degree sector antenna pattern (reference in Figure 2)

	Propagation model
	PL = 128.1 + 37.6*log(Rkm) dB

	Std. of shadow fading
	10dB

	Penetration loss
	10dB

	Cell total transmit power
	33dBm

	Thermal noise
	-174dBm/Hz

	UE noise figure
	7dB

	UE antenna gain
	0dBi

	UE receiver diversity
	None
	2branch

	UE antenna correlation
	N/A
	50%

	Propagation channel
	Vehicular A

	UE speed
	30kmph


Table 1  System simulation parameters
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Figure 2  Sector antenna pattern
According to the deployment scenario listed above and the corresponding receiver algorithm, we plot the geometry CDF in Figure 3. The calculation of SINR is the ratio between the total useable composite signals and the interference together with noise. In particular, any signal arriving more than 20dB down from the maximum received signal power is considered an interference term, outside of this any other power is considered as part of the SFN composite signal.  
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Figure 3  Geometry CDF
From the above figure, we observe that SFN operation can dramatically improve SINR and the 95% coverage geometries for this scenario is summarised in Table 2.

	
	Geometry for 95% coverage

	SFN
	14.65dB


Table 2  Geometry values for 95% coverage
The system-level and the link-level simulation methodologies are as follows. Firstly, according to the parameters of Table 1，the powers and the relative delays of the local cell and the interference cells of each UE are determined by sampling. Secondly, the link-level simulation is performed using the parameters of Table 3 and the powers and relative delays mentioned above, and the link-level results of the BLER vs. CIR curves are output to the system-level simulation. Lastly, the distribution curves of SFN SCCPCH throughputs are obtained by the system-level simulation with different modulations and service rates to satisfy the BLER equals to 1%. Those curves are shown in Figure 4.
	Parameter
	Value
	Comment

	Receiver type
	MMSE JD
	

	Channel estimation
	Zero-forcing channel estimator
	

	Chip rate
	1.28 Mcps
	

	Over-samples per chip
	4
	

	Carrier frequency
	2000 MHz
	

	Propagation conditions
	ITU Veh. A
	As listed in Table 1

	UE speed
	30km/h
	

	Receiver diversity
	None
	2 branches
	

	Physical channels per timeslot
	1
	1 code of SF 1

	Modulation
	QPSK 
	16QAM
	

	Transmission time interval
	40ms
	

	Transport block size
	665*
	

	Channel coding type
	Turbo
	

	CRC, bit
	16
	

	UE drops
	800
	


Table 3  Link-level simulation parameters
* Note that here TB size is referencing TR 25.993 on MTCH parameters.
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Figure 4  SFN S-CCPCH throughput
From Figure 4, under the condition of BLER equals to 1% and over 95% coverage level, the SFN timeslot throughputs are approximately 192kbps with QPSK modulation and 384kbps with 16QAM modulation. The spectral efficiencies of both the scenarios are summarised in Table 4.
	
	Scenario (LCR TDD R6 MBMS)

	Modulation
	QPSK
	16QAM

	UE receiver diversity
	None
	2 branches

	Timeslot throughput
	192 kbps
	384kbps

	Spectral efficiency* 
	0.89bps/Hz
	1.78 bps/Hz


Table 4  SFN S-CCPCH throughput at 95% coverage.

* Note that the calculation of Spectral efficiency is based on instantaneous Spectral efficiency, to be in line with that of EUTRA LCR TDD.
4 Conclusions
In this paper, we focus on analyzing SFN operation for UTRA LCR TDD MBMS. From the simulation results above, the spectral efficiency is dramatically improved to a quite large scale, and by using 16QAM the gain is further improved. These results are quite similar to that of HCR TDD [3]. Consequently, we strongly recommend SFN operation for UTRA LCR TDD MBMS with TDM of multicast/unicast to be included in MBMS LCR TDD physical layer enhancements. It is also proposed to capture the corresponding performance results for SFN enhancements to release 6 MBMS multicast and broadcast in TR25.905. 
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