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1. Introduction
The Multimedia Broadcast Multicast Service (MBMS) channel is mainly multiplexed into other unicast channels using time division multiplexing (TDM) at the sub-frame level [1]-[3]. In the sub-frame, in which the MBMS channel is multiplexed, the pilot channel, i.e., reference channel, is used commonly among all Node Bs that provide the MBMS services to UEs in the service area. Pilot channel structures for the MBMS channel were proposed in [3]-[9]. A cell-specific scrambled pilot channel was proposed in [4]. An improved structure for the cell-specific scrambled pilot channel employing a repetition pilot was proposed and investigated in [5]-[8]. However, most companies consider the use of the cell-common scrambled pilot channel for MBMS, since accurate channel estimation is possible. The optimum cell-common scrambled pilot channel structures for MBMS were investigated, e.g., in [3] and [9]. Therefore, following the results in [3] and [9], this paper investigates the optimum cell-common scrambled pilot channel structures for the MBMS channel from the viewpoint of the packet error rate (PER) performance while taking advantage of soft-combining in the downlink OFDM based radio access.
2. Cell-Common Scrambled Pilot Channel Structures for MBMS

In the investigation of the cell-common scrambled pilot channel structures for MBMS in [9], it was reported that the cell-common scrambled pilot channel with the overhead of 20% provided better PER performance than an overhead of 13%. It was reported in [3] that the cell-common scrambled pilot channel with the overhead of 16.7% provided better PER performance than an overhead of 25%. 

In this contribution, we investigate the achievable PER performance for the cell-common scrambled pilot channel structures shown in Fig. 1. The difference in the structures in Fig. 1 from those in [3] and [9] are given below.

· In [9], the cell-common scrambled pilot symbols are multiplexed at all OFDM symbol positions during a sub-frame in the time domain. We consider that the cell-common scrambled pilot multiplexing at every OFDM symbol is excessive and that pilot symbols should be multiplexed with high density in the frequency domain. This is because an environment with a long delay spread must be supported for MBMS. In this sense, we consider the four cell-common scrambled pilot channel structures given in Fig. 1. 

· In the sub-frame, in which the MBMS channel and associated cell-common scrambled pilot channel are multiplexed, the cell-specific scrambled pilot channel and L1/L2 control channel are simultaneously multiplexed into the same sub-frame. This is because the L1/L2 control information for the uplink such as the uplink scheduling grant is necessary even in the MBMS sub-frame. The cell-specific scrambled pilot channel is required for decoding the L1/L2 control information and channel quality indicator (CQI) measurement for the subsequent unicast sub-frames. Therefore, as shown in Fig.1, we assume that the L1/L2 control channel and cell-specific pilot channel are multiplexed at the first OFDM symbol position in the MBMS sub-frame. Table 1 lists the required L1/L2 control signaling bits for the MBMS sub-frame. In this evaluation, we assume the required L1/L2 control signaling bits based on the agreed number of bits as given in [10]. We assume 9 and 3 bits for the “UE-ID” and “duration of assignment”, respectively. In terms of the uplink resource assignment, we employ a method that signals the first and the last resource block information bits, which are assigned to a UE assuming the separate coding scheme. The method is effective in decreasing the number of signaling bits when multiple resource blocks are continuously assigned to the same UE. It was adopted in HSDPA [11]. We also assume the number of multiplexed UEs, NUE, is 8 for a 10-MHz bandwidth based on the number of multiplexed UEs for HSDPA (four for a 5-MHz bandwidth). Furthermore, we assume the number of ACK/NACK bits is 6*NUE based on [12].  From Table 1, if we assume QPSK modulation and the channel coding rate of 1/3 for the L1/L2 control channel and that the number of cell-specific scrambled pilot symbols within the first OFDM symbol is 100, all the sub-carriers within the first OFDM symbol are used by mapping the L1/L2 control channel and the cell-specific scrambled pilot channel. Accordingly, the MBMS channel and cell-common pilot channels are multiplexed from the second to the last symbol positions.

In the structures depicted in Figs. 1(a) – 1(d), the number of cell-common pilot symbols in the time domain, Ns, and the sub-carrier spacing of the pilot symbols in the frequency domain, f, are Ns = 2, 2, 3, and 5, and f = 2, 3, 3, and 4, respectively. The resultant pilot symbol overhead is 16.7, 11.1, 16.7, and 20.8%, respectively.
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Figure 1 – Cell-common pilot channel structures for MBMS
Table 1 – L1/L2 control signaling bits required for MBMS sub-frame
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3. Simulation Conditions
We investigate the optimum cell-common pilot channel structure for MBMS among the candidates in Fig. 1 from the viewpoint of the PER performance for the MBMS channel. Table 2 gives the simulation parameters assumed in the evaluations, which follow the simulation conditions in [10]. In link-level simulations, we assume 19 cell sites and 3 sectors per cell to generate composite MBMS channels and cell-common pilot channels. We employed a long cyclic prefix (CP) of 16.67 sec. We consider three combinations of modulation and coding rates: 16QAM and the channel coding rate of R = 1/2; 16QAM with R = 2/3; and 64QAM with R = 4/9 associated with Turbo coding. In the respective combinations, the information bit efficiency of the MBMS channel (the number of bits accommodated within one sub-frame over 10 MHz) is 1.15 bit/sec/Hz (5760 bits), 1.54 bit/sec/Hz (7680 bits) and 1.54 bit/sec/Hz (7680 bits), respectively. However, the pilot symbol overhead differs among the four structures. Thus, to maintain the same information bit rate for the MBMS channel for fair comparison, we employ the channel coding rates shown in Table 3 for the combinations of modulation schemes and coding rates. Two-branch antenna diversity reception is assumed. We assume ideal FFT timing detection; nevertheless, we perform real channel estimation using the two-dimensional minimum mean-squared error (MMSE) weights. 

Table 2 – Simulation parameters
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Table 3 – Channel coding rates for respective pilot channel structures
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We measured the channel model, i.e., distance-dependent path loss and propagation delay, from the received signals assuming a 57-cell configuration as shown in Fig. 2. As a propagation model, we take into account only the distance-dependent path loss assuming a six-ray Typical Urban channel model for all cells. The inter-site distance (ISD) was set to 1732 and 5196 m corresponding to the cell radii of 1000 and 3000 m, respectively. We assumed the UE locations as shown in Fig. 2. In the figure, each UE is located at the cell-boundary with a geometry value of 95%. At that location, the r.m.s delay spread becomes almost the worst condition from the viewpoint of the delay spread. Table 4 gives the measured channel models for ISD = 1732 and 5196 m. The r.m.s. delay spread values for the channel models for ISD = 1732 and 5196 m are 2.02 and 5.26 sec, respectively. By using the measured channel model for the 57-cell model, we evaluate the PER performance for the MBMS channel using the link-level simulation. We added inter-cell synchronization error, in which we assumed a uniform distribution within ± 3 µsec [13].
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Figure 2 – Channel model

Table 4 – Propagation delay and distance-dependent path loss from each cell
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4. Simulation Results

Figures 3(a), 3(b), and 3(c) plot the average PER performance of the MBMS channel using the four cell-common pilot channel structures for 16QAM with R = 1/2, 16QAM with R = 2/3, and 64QAM with R = 4/9, respectively. The horizontal axis indicates the average received signal energy per symbol-to-noise power spectrum density ratio (Es/N0) after soft-combining. In Fig. 3, the maximum Doppler frequency is set to fD = 55.5 Hz, which corresponds to the moving speed of 30 km/h at a 2-GHz carrier frequency.  Two curves for the ISD of 1732 and 5196 m are given for the respective MCSs. Figure 3(a) shows that the PER performance for Structure (d) is degraded compared to those for the other three structures due to a large pilot overhead. Although the channel estimation error of Structure (b) is worse than those for Structures (a) and (c) due to a small pilot symbol overhead, the high channel coding gain obtained using the lower coding rate compensates for the large channel estimation error, which leads to almost identical PERs for Structures (a) and (c). Subsequently, Fig. 3(b) shows that Structure (b) provides the best PER performance among the four structures owing to the smallest pilot symbol overhead for 16QAM with R = 2/3. Thus, we see in a high channel coding rate case, a structure with a low channel coding rate, i.e., small pilot symbol overhead, provides better PER performance. The results in Fig. 3(c) exhibit almost the same tendency as in Fig. 3(a) since the channel coding rate is almost identical. We conclude that Structure (b) with the pilot symbol overhead of 11.1% provides the best PER performance for the MBMS channel among the four structures in a low mobility environment, since a small pilot overhead is efficient and a higher channel coding gain compensates for the degraded channel estimation accuracy.  
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(a) 16QAM with R = 1/2
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(b) 16QAM with R = 2/3
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(c) 64QAM with R = 4/9
Figure 3 – Average PER performance of MBMS channel as a function of the average received Es/N0 

(fD =  55.5 Hz corresponding to the speed of 30 km/h)

Figures 4(a), 4(b), and 4(c) show the average PER performance of the MBMS channel for 16QAM with R = 1/2, 16QAM with R = 2/3, and 64QAM with R = 4/9, respectively, at fD = 222 Hz, which corresponds to the speed of 120 km/h. The other conditions are identical to those in Fig. 3. Figure 4(a) shows that Structure (a) provides a better PER than that using Structure (b) especially for the ISD of 5196 m due to a high density of pilot symbols in the frequency domain. It is also apparent that Structure (d) is degraded the most due to the large pilot symbol overhead. Figure 4(b) shows that the obtained results are almost identical to those in Fig. 4(a), i.e., Structures (b) and (a) give the best PER performance among the four structures for the ISDs of 1732 and 5196 m, respectively. Figure 4(c) shows that in 64QAM with R = 4/9, the required received Es/N0 for Structure (a) is decreased by approximately 1 dB compared to that for Structure (b) due to the accurate tracking ability of the channel estimation for a large delay spread for the ISD of 5196 m. We conclude that in a high mobility case such as fD = 222 Hz, Structure (b) provides almost the best PER performance among the four structures; nevertheless, in low channel coding rate cases particularly with 64QAM, Structure (a) yields better PER performance than Structure (b) due to the superior tracking ability in the frequency domain for a long ISD case such as 5196 m. Here, we see that the achievable information bit rate for 64QAM with R = 4/9 is the same as that for 16QAM with R = 2/3. Thus, the application region for 64QAM with R = 4/9 is covered by 16QAM with R = 2/3. Furthermore, for a high channel coding rate with 64QAM, it is anticipated that Structure (b) will be superior to Structure (a) even for a long ISD, since high channel coding gain caused by a small pilot overhead in Structure (b) is very effective. 


As a result, we conclude that Structure (b) with the pilot overhead of 11.1% is the most promising cell-common pilot channel structure for MBMS considering low to high mobility for the ISD of up to 5196 m. 
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(a) 16QAM with R = 1/2
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(b) 16QAM with R = 2/3
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(c) 64QAM with R = 4/9
Figure 4 – Average PER performance of MBMS channel as a function of the average received Es/N0 

(fD =  222 Hz corresponding to the speed of 120 km/h)
5. Conclusion

This paper investigated the optimum cell-common pilot channel structures among four candidates for the MBMS channel from the viewpoint of the PER performance which taking advantage of soft-combining in the downlink OFDM based radio access. From the simulation results, we conclude that Structure (b) with two symbols in the time domain, a three sub-carrier spacing in the frequency domain, and the resultant pilot overhead of 11.1% is the most promising cell-common pilot channel structure for MBMS from a low to high mobility environment for the ISD of up to 5196 m.

Reference
[1] 3GPP, R1-050590, NTT DoCoMo, “Physical Channels and Multiplexing in Evolved UTRA Downlink”
[2] 3GPP, R1-060574, Ericsson, “MBMS for E-UTRA”
[3] 3GPP, R1-060856, Texas Instruments, “E-MBMS Reference Signal Structure”
[4] 3GPP, R1-060182, Toshiba Corporation, “MBMS Structure for Evolved UTRA”
[5] 3GPP, R1-060304, NTT DoCoMo, et al., “MBMS Channel Structure for E-UTRA Downlink”
[6] 3GPP, R1-060779, NTT DoCoMo, et al, “Investigations on Pilot Channel Structure for MBMS”
[7] 3GPP, R1-060527, Toshiba Corporation, NTT DoCoMo, “MBMS Channel Structure for Evolved UTRA”
[8] 3GPP, R1-061034, Toshiba Corporation, NTT DoCoMo, “MBMS Channel Structure for Evolved UTRA”
[9] 3GPP, R1-060947, Qualcomm Europe, “Link Analysis of Reference Signals for SFN (Multi-Cell) MBMS”
[10] 3GPP, TR25.814 (V1.2.2), “Physical Layer Aspects for Evolved UTRA”
[11] 3GPP, TS-25.212 (V.5.10.0), “Multiplexing and channel coding (FDD)”
[12] 3GPP, R1-060957, Qualcomm Europe, “Link Analysis of UL HARQ Related Overhead in DL”
[13] EIA/TIA-95 Rev B, "Mobile Station-Base Station Compatibility Standard for Dual-Mode Wideband Spread Spectrum Cellular System," 1997.












































































































- 1/10 -

