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1. Introduction

Multimedia Broadcast Multicast Service (MBMS) is one of the attractive services supported by E-UTRA [1]-[8]. The MBMS channel is mainly multiplexed into other unicast channels using time division multiplexing (TDM) at the sub-frame level [1],[8]. 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 providing the MBMS services to UEs in the service area. However, for the channel quality indicator (CQI) measurement and decoding of the control signaling bits for the uplink, a cell-specific scrambled pilot channel for the unicast mode is also necessary in the MBMS sub-frame. According to this requirement, an elaborate cell-specific scrambled pilot channel and data channel structure for MBMS services was proposed in [9]. Therefore, this paper presents a comparison of the different pilot channel structures for the MBMS channel from the viewpoints of the packet error rate (PER) performance of the MBMS channel with soft-combining, PER performance of the L1/L2 control channel, and CQI measurement accuracy.

2. Pilot Channel Structure for MBMS

We investigate the PER performance of the MBMS channel, PER performance of the L1/L2 control signaling, and CQI measurement accuracy for the following three types of pilot channel structures.

(1) Cell-specific scrambled pilot [9]

The cell-specific scrambled pilot for MBMS was proposed in [9]. In this method as shown in Fig. 1(a), by applying the same scrambling modulation in the frequency domain to the data symbols in the same MBMS sub-frame, the cell-specific scrambled pilot is used for channel estimation of the MBMS channel without the need to detect the scrambling code information at each cell. The cell-specific scrambled pilot is simultaneously used for cell-specific CQI measurement and channel estimation for the L1/L2 control channel mainly for uplink control. The demerit of using cell-specific scrambled pilot is that interpolation of the channel gain over multiple pilot symbols is not possible, since the UE cannot know the cell-specific scrambling code of each cell. Therefore, it is presumed that the influence of increasing the channel estimation error for the MBMS channel is significant. The frequency hopping of pilot symbols at every sub-frame [10] cannot be applied in the cell-specific scrambled pilot structure. 

(2) Cell-specific scrambled pilot with repetition pilot [11], [12]

In this structure, repetition pilot symbol is added to the cell-specific scrambled pilot, in order to improve the channel estimation accuracy as shown in Fig. 1(b). In this case, interpolation between two contiguous pilot symbols with the same modulation is possible at the sacrifice of increasing the overhead.  


The accuracies of the cell-specific CQI measurement and channel estimation for the L1/L2 control channel using the pilot channel structure are improved compared to that using the unicast sub-frame due to the additional repetition pilot symbols. However, the improvement in accuracy due to the repetition pilot symbols do not contribute to the total system improvement, since the required transmission quality of the L1/L2 control channel and CQI measurement are determined by the worst case, i.e., transmission quality of unicast sub-frame.

(3) Cell-common scrambled pilot with additional cell-specific scrambled pilot

As shown in Fig. 1(c), a cell-common scrambling code is multiplied to the pilot channel for MBMS indicated in red in Fig. 1(c). In this case, an additional cell-specific scrambled pilot is necessary for cell-specific CQI measurement and for channel estimation of the L1/L2 control channel [12]. The density of the additional cell-specific scrambled pilot is parameterized in the following evaluation as shown in Figs. 1(c1) – (c3). 
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(a) Cell-specific scrambled pilot
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(b) Cell-specific scrambled pilot with repetition pilot
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(c) Cell-common scrambled pilot

Figure 1 – Pilot channel structure for MBMS

3. Simulation Conditions
We evaluated the PER performance of the MBMS channel and L1/L2 control channel, and CQI measurement accuracy in a multi-cell environment by combining the system level and link level simulations. Table 1 lists the simulation parameters assumed in the evaluations, which follow the simulation conditions in [4]. We employed a long cyclic prefix (CP) of 16.67 sec. Thus, the number of OFDM symbols accommodated within the duration of one sub-frame duration including the pilot symbols is six. The data modulation schemes are QPSK and 16QAM. We used a Turbo code with the channel coding rate of R = 1/2. Two-branch antenna diversity reception was assumed. We assumed ideal FFT timing detection; nevertheless, we conducted real channel estimation using the optimum channel estimation filter in the respective pilot channel structures. 

We assume that channel estimation is performed within one sub-frame for all the pilot channel structures for fair comparison. In the cell-specific scrambled pilot in Fig. 1(a), interpolation is not possible in the frequency domain. Therefore, one pilot symbol is used for channel estimation over the duration of three sub-carriers with the location of the pilot at the center. Meanwhile, in the cell-specific scrambled pilot with repetition pilot symbol in Fig. 1(b), interpolation with the repetition pilot is achieved and the two pilot symbols are used for channel estimation over the duration of three sub-carriers. Moreover, in the cell-common scrambled pilot in Fig. 1(c), interpolation is used between scattered pilot symbols, which are indicated in red fonts, is used. Note that in this case, the optimum interpolation using multiple pilot symbols is possible according to the delay spread value in the frequency domain. On the other hand, in the cell-specific scrambled pilot with repetition pilot, interpolation between only two contiguous pilot symbols is possible. It should be noted that in the cell-specific scrambled pilot based structures in Figs. 1(a) and 1(b), channel estimation by using pilot symbols belonging to successive sub-frames can be used when the repetition interval of the scrambling code is equal to the sub-frame length in the time domain. Meanwhile, in the cell-common scrambled pilot structure, channel estimation using pilot symbols belonging to successive MBMS sub-frames is possible.

CQI measurement is performed by using pilot symbols in the frequency domain as follows. For the desired signal power measurement, only the cell-specific scrambled pilot channel is used for all the pilot channel configurations. The signal power is obtained by averaging the channel estimates of the cell-specific scrambled pilot channel over one resource block. On the other hand, the interference and noise power are estimated by averaging the variance of the channel estimates of not only the cell-specific scrambled pilot symbols, but also the cell-common scrambled pilot symbols. The interference and noise power are averaged over 10 sub-frames. 

Table 1 – Simulation parameters
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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 (TU) channel model for all cells. The inter-site distance (ISD) was set to 500 and 1732 m corresponding to the cell radii of 289 and 1000 m, respectively. We assumed two UE locations as shown in Fig. 2. In Fig. 2, each UE is located near cell-site (Location A) with a geometry value of 20 % and located at the cell-boundary (Location B) with a geometry value of 95 %. In the case of Location B, the r.m.s delay spread becomes larger compared to that for Location A, which corresponds to almost the worst condition from the viewpoint of the delay spread. Tables 2(a) and 2(b) list the measured channel models for ISD = 500 and 1732 m, 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. In order to obtain the performance for the different geometry value, we changed the relative power of the connected cell to the other cell (including noise power).
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Figure 2 – Channel model

Table 2 – Propagation delay and distance-dependent path loss from each cell
(a) ISD = 500 m
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(b) ISD = 1732 m
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4. Simulation Results

4.1. PER Performance of MBMS Channel

Figures 3(a) and 3(b) show the average PER performance of the MBMS channel using the three pilot channel structures at Locations A and B, respectively, with the ISD of 500 m. The performance is plotted as a function of the average received signal energy per symbol-to-noise power spectrum density ratio (Es/N0) after soft-combining. The Es/N0 value does not include the overhead of the pilot symbols. We employed QPSK and 16QAM data modulation with the coding rate of 1/2. Figure 3(a) shows that the PER performance using the cell-specific scrambled pilot is degraded compared to the cell-common scrambled pilot: the required average received Es/N0 at the average PER of 10-2 using the cell-specific scrambled pilot is degraded by approximately 1.0 and 1.0 dB compared to that using the cell-common scrambled pilot for QPSK and 16QAM modulation, respectively. This is because frequency domain interpolation is not achieved. Moreover, the PER performance using the cell-specific scrambled pilot even with the repetition pilot is slightly degraded compared to that for the cell-common scrambled pilot. This is because the optimum interpolation employing multiple pilot symbols is possible in the cell-common scrambled pilot whereas, interpolation between only two contiguous pilot symbols is achieved in the cell-specific scrambled pilot with repetition pilot. Figure 3(b) shows that, assuming a fixed path-loss condition with almost the worst condition, the PER performance of the cell-specific scrambled pilot is degraded compared to that of the cell-common scrambled pilot. However, the cell-specific scrambled pilot with repetition pilot achieves almost the same PER performance as the cell-common scrambled pilot since the delay spread observed at the UE becomes larger than that in Fig. 3(a). 
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Figure 3 – Average PER performance of MBMS channel as a function of the average received Es/N0 

(ISD = 500 m)
Figures 4(a) and 4(b) show the average PER performance of the MBMS channel with the ISD of 1732 m for Locations A and B, respectively. Figure 4(a) shows that the PER performance using only the cell-specific scrambled pilot is degraded compared to that of the cell-common scrambled pilot. Furthermore, we find that the performance of the cell-common scrambled pilot is slightly superior to that for the cell-specific scrambled pilot even with the repetition pilot. Meanwhile, in the long delay spread condition in Fig. 4(b), we see that the PER performance using the cell-specific scrambled pilot with repetition pilot becomes slightly better than that for the cell-common scrambled pilot. This is because in the cell-common scrambled pilot, the interpolation using only two contiguous pilot symbols provides nearly the best performance under such long delay spread conditions. 
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Figure 4 – Average PER performance of MBMS channel as a function of the average received Es/N0
(ISD = 1732 m)
For comparison, in Table 3 we summarize the required average received Es/N0 at the average PER of 10-2 when 16QAM data modulation is employed. In this table, we take the pilot overhead into account on the Es/N0 value. From the table, in a relatively small cell radius, the cell-common scrambled pilot channel achieves the best performance. Meanwhile, when the delay spread is very large, the cell-specific scrambled pilot with repetition achieves slightly better performance. From these results, we evaluate the cell-specific scrambled pilot with repetition pilot and the cell-common scrambled pilot with additional cell-specific scrambled pilot in the following simulations.

Table 3 – Comparison of required Es/N0 for PER of 10-2 for 16QAM modulation
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4.2. PER Performance of L1/L2 Control Channel

Figure 5 shows the average PER performance of the L1/L2 control channel using the three pilot channel structures of the cell-common scrambled pilot with additional cell-specific scrambled pilot. Note that the achievable PER performance of the cell-specific scrambled pilot with repetition pilot is identical to that of the structure of Pattern A in Fig. 1(c), since the same number of available pilot symbols are included within the sub-frame. The ISD of 500 m and the cell edge condition (Location B) is assumed. QPSK data modulation and a rate-1/3 convolutional code with the constraint length of 9 are used for the L1/L2 control channel. We also employed spreading to increase the received SINR for the L1/L2 control channel and the spreading factor is parameterized. From this figure, irrespective of the spreading factor in the control channel, the performance using Pattern A is 0.5 and 1.0 dB better than those for Patterns B and C, respectively. The additional cell specific-scrambled pilot position of Pattern A is identical to that of the unicast frame. We recommend using Pattern A for the additional cell-specific scrambled pilot structure. However, when only the first reference symbols can be used for the channel estimation of the L1/L2 control channel to achieve power savings as described in the current TR [13], we can see that Pattern B is enough to satisfy the required transmission quality of the L1/L2 control channel.
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Figure 5 – PER Performance of L1/L2 control channel 
4.3. CQI Measurement Accuracy

In this evaluation, we first obtain the CQI estimation error for the respective pilot channel structure by link level simulation based on the same channel model used in Sections 4.1 and 4.2, and then, CQI estimation error is modelled with a log-normal distribution. By using this CQI measurement error model, we conduct a system level simulation to obtain the user throughput, in which the CQI measurement error is considered in the modulation and channel coding scheme (MCS) selection and proportional fairness scheduling. Table 4 lists the system level simulation parameters. Figures 6(a) and 6(b) show the cumulative distribution function (CDF) of the user throughput. In Fig. 6(a), the CQI is measured using only the pilot symbols mapped on the first OFDM symbol for power savings, while in Fig. 6(b), CQI is measured using all pilot symbols within one sub-frame. Figures 6(a) and 6(b) shows that the cell-common scrambled pilot with additional pilot with Pattern A and the cell-common scrambled pilot with Pattern B can achieve almost the same throughput as that with the cell-specific scrambled pilot with repetition pilot. Therefore, we can see that the cell-common scrambled pilot with additional cell-specific scrambled pilot structure with Pattern B (every 6 sub-carriers) is sufficient from the viewpoint of the CQI measurement error.
Table 4 – System level simulation parameters 
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(a) CQI measurement using 1st symbol

[image: image16.emf]0

0.2

0.4

0.6

0.8

1

0 5 10 15 20 25 30 35 40

Cumulative distribution

User throughput (Mbps)

ISD = 500 m

Without CQI estimation error

Cell-common scrambled pilot (Pattern A)

Cell-common scrambled pilot (Pattern B)

Cell-specific scrambled pilot with repetition pilot


(b) CQI measurement using 1st and 4th symbols

Figure 6 – User throughput performance
5. Conclusion

We compared the PER performance of the MBMS channel with soft-combining, the PER performance of the L1/L2 control signaling channel, and the CQI measurement accuracy, employing three pilot channel structures in the E-UTRA downlink. The conclusions from the simulation results are as follows. 

· PER performance of MBMS channel

· Only the cell-specific scrambled pilot provides degraded PER performance for MBMS channel compared to the cell-common scrambled pilot. Therefore, additional repetition pilot symbols are necessary in the cell-specific scrambled pilot structure.

· Under typical conditions at various locations within the target cell, the cell-common scrambled pilot achieves slightly better PER performance of the MBMS channel compared to the cell-specific scrambled pilot with repetition pilot. This is because the optimum interpolation that takes advantage of multiple pilot symbols is achieved in the frequency domain in the cell-common scrambled pilot structure.

· Under long delay spread conditions, the cell-specific scrambled pilot with repetition pilot achieves slightly better PER performance than the cell-common scrambled pilot.

· PER performance of L1/L2 control signaling channel

· If we assume that only the pilot symbols on the first OFDM symbol are used for channel estimation of the L1/L2 control signaling channel to achieve power savings, additional cell-specific scrambled pilot symbols at every 6 sub-carriers are required in the cell-common scrambled pilot structure. Meanwhile, if we assume that all the pilot symbols within the sub-frame are used, additional cell-specific scrambled pilot symbols at every 3 sub-carriers are required in the cell-common scrambled pilot structure.

· CQI measurement error

· The cell-common scrambled pilot with additional cell-specific scrambled pilot at every 3 sub-carriers achieves sufficient CQI measurement accuracy to achieve almost the identical throughput performance as that with the cell-specific scrambled pilot with repetition pilot.

In conclusion, we recommend that the cell-common scrambled pilot with additional cell-specific scrambled pilot every 3- and 6-sub-carriers and cell-specific scrambled pilot with repetition pilot for MBMS service should be implemented as working assumptions in the E-UTRA SI. Then, the better one of the two structures should be selected by the end of the SI duration. 
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