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1. Introduction

The paging channel (PCH) is used for network-initiated connection setup. In this paper, we present our views on the multiplexing scheme and radio resource assignment of the paging indicator (PI) and PCH in the E-UTRA downlink. Moreover, we present a synchronous transmission scheme for the PI and PCH employing soft-combining among cells within the same Node B, i.e., sectors, associated with the sector-common reference signal or sector-specific orthogonal reference signal. Through extensive simulations, we show a distinct gain obtained through synchronous transmission employing delay diversity and soft-combining associated with the sector-common reference signal for the PI and PCH.
2. Multiplexing and Transmission Method for PI and PCH 

2.1. PI
(1) Multiplexing scheme
Figures 1(a) and 1(b) show the two transmission methods for the PI. In Fig. 1(a), the PI is multiplexed into the same OFDM symbol duration as the L1/L2 control channel for control signaling information (Cat. 1) using distributed transmission. Meanwhile, in Fig. 1(b), the PI is multiplexed into the same resource block (RB) from which the PCH is transmitted. 
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(a) PI multiplexed with control signalling information   (b) PI mapped within RB assigned to PCH
Figure 1 – Transmission method for PI
(2) Transmission bandwidth and resource assignment for PI
The PI is transmitted from the system-dependent pre-assigned transmission band. The definition of the pre-assigned transmission band for the PI is different from that of the L1/L2 control channel for control signaling information so that the PI can be transmitted from the center frequency band of the overall system bandwidth as shown in Fig. 2. For example, in Fig. 2(a), assuming a 20-MHz system bandwidth, two 10-MHz frequency blocks of the control signaling information are defined, but only the central 5-MHz band is used as the pre-assigned transmission band for the PI.

2.2. PCH

(1) Transmission bandwidth of PCH
The PCH is transmitted from the pre-assigned transmission band similar to the case of the PI. In the example in Fig. 2(a), the system allocated bandwidth and system-dependent pre-assigned transmission band for the PCH are 20 and 5 MHz, respectively. UEs are notified of the pre-assigned transmission band at each cell site using the broadcast channel (BCH) information. It should be noted that assigning the central part of the system bandwidth as the pre-assigned transmission band for the PCH can be beneficial in simplifying the cell search procedure for the surrounding cells with the same carrier frequency during the idle mode, since fast change of the center frequency at the UE can be avoided. In the example in Fig. 2(a), the PI and the corresponding PCH are transmitted from the same sub-frame. However, by transmitting the PI in advance using a pre-decided duration before the PCH, the decoding processing of the PCH can be simplified as shown in Fig. 2(b). 
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 (a) PI is transmitted by the same sub-frame duration as PCH transmission
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(b) PI and PCH are transmitted from different sub-frames

Figure 2– Example of pre-assigned frequency block for PI and PCH
 (Note: This figure is used for illustration purposes only, and the positions of the PCH and PI within the sub-frame do not specify the actual configuration.)

(2) Resource assignment for PCH
There are two possibilities on the RB assignment for the PCH within the pre-assigned frequency block.
· Semi-static assignment

· Dynamic assignment

When semi-static assignment is used, the RB positions for the PCH are fixed. The number of assigned RBs may be changed according to the amount of paging information. In this case, the UE is informed of the number of assigned RBs for the PCH using the information regarding the number of RBs. The assigned RBs within the pre-decided transmission band are pre-decided according to the number of assigned RBs. Therefore, the UE can know the positions of the RBs for the PCH by decoding only the RB index information. For achieving soft-combining among sectors within the same Node B, the position of the RBs for the PCH must be common to all sectors within the same Node B.

When dynamic assignment is used, the assigned RB position can be dynamically changed according to the frequency domain channel dependent scheduling results on the shared data channel. Typically, by prioritizing the frequency domain channel dependent scheduling of the shared data channel, the PCH is transmitted using the remaining RBs. This brings about increased channel dependent scheduling gain for the shared data channel. However, the number of control signaling bits for the PI is increased compared to the case with semi-static assignment since the UE must be informed of the detailed RB positions of the PCH. Similar to the semi-static assignment, to achieve soft-combining among sectors within the same Node B, the position of the RBs for the PCH must be common to all sectors within the same Node B.

In conclusion, our preference for PCH resource assignment is as follows.
· Option 1: Semi-static assignment common to all sectors within the same Node B
· Option 2: Dynamic assignment common to all sectors within the same Node B
3. Synchronous Transmission of PI and PCH within the Same Node B with Delay Diversity and Soft-Combining

Since the PI and PCH convey sector-common information from all sectors in the same Node B, the application of synchronous transmission using delay diversity and soft-combining is effective in improving the coverage near the sector boundary. Therefore, we proposed synchronous transmission with delay diversity and soft-combining reception within the same Node B for the PI and PCH [1].


Figure 3 shows synchronous transmission employing delay diversity among sectors in the same Node B and soft-combining reception. As shown in the figure, the same PI or PCH is transmitted among sectors in the same Node B using coordinated delay diversity so that the time delays of the paths of all sectors in the same Node B are aligned within the cyclic prefix (CP) duration. Since soft-combining within the CP duration is used at a UE, high quality reception is achieved for the UE located at the sector boundary. The following two candidates are considered for the reference signal structures for channel estimation of the PI and PCH.
· Sector-common reference signals in the same Node B
· Sector-specific orthogonal reference signals in the same Node B
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Figure 3 – PI and PCH transmissions with soft-combining in the same Node B

4. Investigation on Gain of Intra-Node B Synchronous Transmission and Soft-Combining Reception
4.1. Simulation Setup

We compare the synchronous transmission with delay diversity and soft-combining, and the sector-dependent transmission without soft-combining for the PCH based on system-level simulations. Table 1 lists the simulation parameters assumed in the evaluations, which follow the simulation assumptions given in [2]. We assume that the system bandwidth is 5 MHz with 300 sub-carriers. In this contribution, by combining the system level simulation and radio link level simulation based on a similar approach described in [3], we investigate the average packet error rate (PER) performance of the PCH in a multi-cell environment. More specifically, in the radio link level simulation, we measure the average PER of each modulation and coding scheme (MCS) associated with tail-biting convolutional coding with the constraint length of 9 bits and soft-decision Viterbi decoding against the instantaneous received SINR over one sub-frame at each RB. In the system level simulations, the cumulative distribution function (CDF) of the PER is calculated by adding random errors according to the mapping between the measured instantaneous received SINR and the PER performance derived from the link level simulations. We employed the exponential effective SINR mapping (EESM) method [3]. The received SINR in the system-level simulation is calculated as follows.

· Synchronous transmission with delay diversity and soft-combining
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· Sector-dependent transmission without soft-combining (reference)


[image: image6.wmf]å

å

-

=

-

=

+

-

=

1

0

,

0

1

0

,

0

,

0

Cell

Sec

M

0

i

M

j

j

i

N

S

S

S

INR

S

.  (2)

where Si,j is the received signal power from the j-th sector of the i-th cell, N is the noise power, and MCell and MSec are the numbers of cells and sectors, respectively. The modulation scheme is QPSK. To achieve the required coverage, we decrease the channel coding rate of the convolutional code to the minimum value of the coding rate, Rmin (= 1/3 or 1/6), first. Then, we increase the spreading (repetition) factor to obtain a further processing gain for achieving coverage.
In the system level simulation, we employ a 3 or 6-sectored 19-hexagonal cell layout model with a sector antenna beam pattern with a 70 or 35-degree beam width. We set the inter-site distance (ISD) to 500 or 1732 m. The locations of the UEs are randomly assigned with a uniform distribution within each sector. However, we set the minimum distance between the Node B and a UE to 35 meters. The propagation model follows a distance-dependent path loss with the decay factor of 3.76, lognormal shadowing with a standard deviation of 8 dB, and instantaneous multipath fading. It is assumed that the distance-dependent path loss is constant during the throughput measurement period, while the shadowing and instantaneous fading variations are added. The penetration loss of 20 dB is included. The correlation values between the cell sites and that between sectors are 0.5 and 1.0, respectively. The six-ray Typical Urban (TU) model was assumed for the multipath delay profile with the root mean square (r.m.s.) delay spread of 1.06 sec and the maximum Doppler frequency of fD = 5.55 Hz (corresponding speed of 3 km/h). The Pedestrian A model was also used to indicate the effectiveness of soft-combining. 
Table 1 – Simulation parameters
(a) Major radio link parameters in system-level simulation
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 (b) Parameters for UE receiver
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Figures 4(a) and 4(b) show the sector-common reference signal structure and sector-specific orthogonal reference signal structure assumed in the contribution.
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(a) Sector-specific orthogonal reference signal structure
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(b) Sector-common and sector-specific orthogonal reference signal structure

Figure 4 – Reference signal structures

4.2. Simulation Results
Figures 5(a) and (b) plot the CDFs of the average PER performance using the synchronous PCH transmission schemes with soft-combining reception assuming the channel coding rate of R = 1/3 and the repetition factor of 3, i.e., the resultant channel coding rate is 1/9. To enable soft-combining reception, we employ two kinds of reference signals: a sector-specific orthogonal reference signal (hereafter, soft-combining with a sector-specific orthogonal reference signal) and a sector-common reference signal (hereafter, soft-combining with a sector-common reference signal). We also plot the PER without soft-combining reception using a sector-specific orthogonal reference signal (hereafter, without soft-combining) as a reference. The ISDs in Figs. 5(a) and 5(b) are set to 500 and 1732 m, respectively. The three-sector configuration and the six-ray TU channel model were assumed in both figures. 
The figures show that the soft-combining reception employing either a sector-specific orthogonal reference signal or sector-common reference signal achieves better PER performance than the case without soft-combining. This is because in the region without intra-Node B macro diversity, the PCHs from two sectors are utilized as the desired signal without mutual interference, bringing about an increasing received SINR. The figures also show that the soft-combining reception with a sector-common reference signal can further improve the average PER performance compared to the soft-combining with a sector-specific orthogonal reference signal. This is because the background noise for the sector-specific orthogonal reference signal is increased compared to that of the sector-common reference signal, since channel gains from the two sector-specific orthogonal reference signals are independently calculated and combined. 
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(a) ISD = 500 m
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(b) ISD = 1732 m

Figure 5 – CDF of average PER (3 sectors per cell, Typical Urban)

We calculated the CDFs of the PER for various channel coding rates and repetition factors. According to the difference in the channel coding rates and repetition factors, the required number of channel symbols per information bit changes. The amount of required radio resources, i.e., the number of symbols to convey one information bit at the average PER of 10-1 and 10-2, is plotted in Figs. 6(a) and (b), as a function of the outage probability in percent notation for the ISD of 500 and 1732 m, respectively. The minimum channel coding rate and maximum repetition factor are set to Rmin = 1/3 and 24, respectively. The reference signal overhead is included into the required radio resources. We assume a three-sectored cell and the six-ray TU channel model. Fig. 6 shows that the amount of required radio resources at the average PER of 10-2 using soft-combining reception with a sector-common reference signal can be decreased by approximately 12% compared to that without soft-combining at the 5% outage probability.
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(a) ISD = 500 m
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(b) ISD = 1732 m

Figure 6 – Comparison of required radio resources for achieving outage probability

(3 sectors per cell, Typical Urban, Rmin = 1/3)
Similarly, Figures 7(a) and (b) plot the required number of symbols to convey one information bit at the average PER of 10-1 and 10-2 for the ISDs of 500 and 1732 m, respectively, assuming the minimum channel coding rate of Rmin = 1/6. Other conditions are identical to those in Fig. 6. Fig. 7 shows that the amount of required radio resources at the average PER of 10-2 using soft-combining reception with sector-common reference signal can be decreased by approximately 10 – 20% compared to that without soft-combining at the 5% outage probability. The gain of soft-combining becomes larger than the case with Rmin = 1/3. It is considered that the frequency diversity effect through delay diversity is improved due to the increasing channel coding gain. 
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(a) ISD = 500 m
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(b) ISD = 1732 m

Figure 7 – Comparison of required radio resources for achieving outage probability

(3 sectors per cell, Typical Urban, Rmin = 1/6)
Then, Figures 8(a) and 8(b) plot the required number of symbols per information bit at the average PER of 10-1 and 10-2 for the ISDs of 500 and 1732 m, respectively, assuming the Pedestrian-A channel model and the minimum channel coding rate of Rmin = 1/6. There are fewer paths in the Pedestrian-A channel model than in six-ray TU channel model. Thus, it is anticipated that a large frequency diversity gain from delay diversity and soft-combining reception will be obtained in the Pedestrian-A channel model compared to the TU channel model. Accordingly, we find that that the amount of required radio resources at the average PER of 10-2 using soft-combining reception with a sector-common reference signal can be decreased by approximately 20% compared to that without soft-combining at the 5% outage probability. 
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(a) ISD = 500 m
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(b) ISD = 1732 m

Figure 8 – Comparison of required radio resources for achieving outage probability

(3 sectors per cell, Pedestrian A, Rmin = 1/6)

Finally, Figures 9(a) and 9(b) plot the required number of symbols per information bit at the average PER of 10-1 and 10-2 for the ISDs of 500 and 1732 m, respectively, in a six-sectored cell, assuming the six-ray TU channel model and the minimum channel coding rate of Rmin = 1/6. Compared to the performance in the three-sectored cell in Fig. 7, the gain of the delay diversity with soft-combining reception increases according to the increase in the number of sectors in the same cell. As a result, the amount of required radio resources at the average PER of 10-2 using soft-combining reception with a sector-common reference signal can be decreased by approximately 30% compared to that without soft-combining at the 5% outage probability. 
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(a) ISD = 500 m
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Figure 9 – Comparison of required radio resources for achieving outage probability

(6 sectors per cell, Typical Urban, Rmin = 1/6)

5. Conclusion

In this paper, we presented our views on the multiplexing scheme and radio resource assignment for the PI and PCH. We also presented a synchronous transmission scheme for the PI and PCH employing soft-combining among cells within the same Node B, i.e., sectors, associated with the sector-common reference signal or sector-specific orthogonal reference signal. From the simulation results, we showed that a distinct gain is obtained from synchronous transmission employing delay diversity and soft-combining associated with a sector-common reference signal for the PI and PCH.
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