3GPP TSG RAN WG1 Meeting #45
                                           R1-061199

Shanghai, China, 8 - 12 May, 2006

Source: 

NTT DoCoMo, Fujitsu, Mitsubishi Electric, NEC, Toshiba Corporation
Title:
Paging Channel Structure for E-UTRA Downlink
Agenda Item:

11.3.2
Document for:
Discussion and Decision
1. Introduction

The paging channel (PCH) is used for network-initiated connection setup. This paper first presents control information carried by the PCH and paging indicator channel (PICH). We then present our views on multiplexing of the PICH and PCH. Moreover, we present some synchronous PCH transmission schemes employing soft-combining among cells within the same Node B, i.e., sectors, associated with the sector-common pilot channel or sector-specific orthogonal pilot channel. Through extensive simulations, we clarify that synchronous transmission employing delay diversity and soft-combining in a user equipment (UE) associated sector-common pilot channel is the most promising for the PCH and PICH. 

2. Control Information in PICH and PCH

Control information in the PICH and PCH is as follows (Fig. 1). 

· Group ID: Group ID indicates the ID of user group who are to receive the subsequent PCH.
· Number of RBs: This information indicates the number of resource blocks (RBs) in which PCH to be decoded is multiplexed. 

· User ID: User ID indicates the ID of the user who is paged from Node B. TMSI is used in W-CDMA.

· Cause ID: Cause ID indicates the cause for paging such as the traffic service type.
Figure 2 shows the flow of the decoding procedure for the paging information.
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Figure 1 – Control information of PICH and PCH
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Figure 2 – Flow of decoding procedure of paging information

3. Multiplexing of PICH and PCH 

3.1. PICH

The paging indicator information indicates the location of the RBs from which the PCH is transmitted. The PICH is transmitted from the system-dependent pre-assigned transmission band. As shown in Fig. 3(a), the PICH is multiplexed into the same OFDM symbols as the L1/L2 control channel, although the multiplied scrambling code is different as we will explain in Section 4. Thus, similar to the L1/L2 control channel, the PICH is transmitted at the first or second OFDM symbol position and multiplexed with the L1/L2 control channel using FDM or CDM. However, the definition of the pre-assigned transmission band for the PICH is different from that of the L1/L2 control channel. For example, in Fig. 3(a), assuming a 20-MHz system bandwidth, four 5-MHz frequency blocks of the L1/L2 control channel are defined, but only the central 5-MHz band is used as the pre-assigned transmission band for the PICH.

3.2. PCH

The PCH is transmitted from the pre-assigned transmission band similar to the case of the PICH. In the example in Fig. 3(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. 3(a), the PICH and the corresponding PCH are transmitted from the same sub-frame. However, by transmitting the PICH in advance using a pre-decided duration before the PCH, the decoding processing of the PCH can be simplified as shown in Fig. 3(b) (in the figure, the PICH is transmitted using one sub-frame duration before the PCH transmission). 
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(a) PICH is transmitted by the same sub-frame duration as PCH transmission
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(b) PICH is transmitted by sub-frame duration before PCH transmission

 Figure 3 – Example of pre-assigned frequency block of PICH
 (Note: This figure is used for illustration purposes only, and the positions of the PCH and PICH within the sub-frame do not specify the actual configuration.)

Moreover, the PCH is transmitted by one or some assigned RBs within the pre-assigned transmission band as shown in Fig. 4. The UE is informed of the number of assigned RBs for the PCH using the number of RBs information. 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.  
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Figure 4 – Relation between the number of assigned RBs and assigned RB positions in PCH

The information in the PICH and PCH is common among sectors within the same Node B. Thus, the following two candidates are considered for the pilot channel structures for channel estimation of the PICH and PCH.

· Sector-common pilot channels in the same Node B

· Sector-specific orthogonal pilot channels in the same Node B

In Section 4, we clarify which is the more promising pilot channel structure simultaneously by investigating the optimum synchronous transmission schemes of the PICH and PCH. 

4. Optimum Synchronous Transmission Schemes of PCH Within the Same Node B

4.1. Synchronous (Coordinated) Transmission Schemes

(1) Synchronous Transmission with Soft-combining in the Same Node B

Figure 5 shows synchronous transmission employing delay diversity among sectors in the same Node B and soft-combining reception, which we proposed in [1]. As shown in Fig. 5, the same paging information is transmitted among sectors in the same Node B using coordinated delay diversity so that the time delays of paths of all sectors in the same Node B are aligned within the cyclic prefix (CP) duration. Then, 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. This coordinated transmission and soft-combining is applied regardless of the usage of repetition (spreading) for the PCH. In synchronous transmission with soft-combining, the above-mentioned two pilot channel structures are considered.

· Sector-common pilot channels in the same Node B

· Sector-specific orthogonal pilot channels in the same Node B
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Figure 5 – PCH transmission with soft-combining in the same Node B

(2) Synchronous Transmission with Sector-Specific Orthogonal Code

We proposed the synchronous transmission scheme employing sector-specific orthogonal code within the same Node B for the L1/L2 control and shared data channels with repetition [2]. The synchronous transmission using sector-specific orthogonal code can be applied to the PICH and PCH, when the repetition is used, as shown in Fig. 6. In Fig. 6, the sector-specific orthogonal code corresponding to the required spreading factor is multiplied in the frequency domain to the PCHs among sectors within the same Node B and the PCHs are transmitted synchronously. Since orthogonality among PCHs is maintained, the PCH of each sector does not suffer from inter-sector interference from the PCHs from other sectors in the same Node B. In the synchronous transmission scheme, a sector-specific orthogonal pilot channel is used. 
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Figure 6 – PCH transmission with sector-specific orthogonal code in the same Node B

4.2. Simulation Setup

We compare the synchronous transmission with soft-combining and synchronous transmission with a sector-specific orthogonal code for the PCH based on system-level simulations. Table 1 lists the simulation parameters assumed in the evaluations, which follow the simulation assumptions in [3]. 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 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 turbo coding and iterative soft-decision turbo decoding against the instantaneous received SINR over one sub-frame at each RB. Then, in the system level simulation, 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 simulation. We employed the exponential effective SINR mapping (EESM) method [4]. The received SINR in the system-level simulation is calculated as follows.

· Synchronous transmission with delay diversity and soft-combining
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· Synchronous transmission with sector-specific orthogonal code
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· Sector-dependent transmission without coordination and without soft-combining (reference)
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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 number of cells and sectors, respectively. 

The modulation scheme is QPSK. The repetition factor of the repetition coding is 3 (except in the case of Fig. 8) and the channel coding rate in the Turbo code is parameterized and the repetition factor is 3 (except for Fig. 8). 
In the system level simulation, we employ a three-sectored nineteen-hexagonal cell layout model with a sector antenna beam pattern with a 70-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 a 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 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
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Figures 7 (a) and 7(b) show the sector-common pilot channel structure and sector-specific orthogonal pilot channel structure assumed in the contribution.
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(a) Sector-specific orthogonal pilot channel structure
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(b) Sector-common and sector-specific orthogonal pilot channel structure

Figure 7 – Pilot channel structures

4.3. Simulation Evaluations

(1) Necessity of Spreading (Repetition) from Link Budget

First, we investigate the necessity of spreading to satisfy the coverage. Figure 8 shows the CDF of the average PER with the channel coding rate of R = 1/3 and without repetition (repetition factor = 1) assuming the paging message size of 240 bits. Two curves are given: performance with and without soft-combining. Figure 8 shows that only the 50% CDF value can satisfy the average PER of 10-2. Thus, we see that a low channel coding rate of less than 1/3 including repetition coding is necessary in order to satisfy a wide coverage area such as 95%.


We previously showed that additional channel coding gain is obtained compared to repetition coding when a low channel coding rate up to approximately R = 1/5 – 1/7 is used [5]. In the subsequent evaluations, however, we first employ repetition coding with the repetition factor of 3 and then employ the channel coding rate of less than R = 1/3, since the additional coding gain is small when R is less than approximately R = 1/3. 
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Figure 8 – CDF of average PER (Typical Urban channel model, ISD = 500 m)

(2) Comparison of Synchronous PCH Transmission Schemes

Figures 9(a) and 9(b) plot the CDFs of the average PER performance using the four synchronous PCH transmission schemes assuming the repetition factor of three (i.e., the resultant channel coding rate is 1/9). The four schemes are as follows.

(1) Synchronous PCH transmission with delay diversity and soft-combining, and a sector-specific orthogonal pilot channel (hereafter, soft-combining with a sector-specific orthogonal pilot)

(2) Synchronous PCH transmission with delay diversity and soft-combining, and a sector-common pilot channel (hereafter, soft-combining with a sector-common pilot channel)

(3) Synchronous PCH transmission with repetition using sector-specific orthogonal code, and a sector-specific orthogonal pilot channel (hereafter, orthogonal repetition with a sector-specific orthogonal pilot)

(4) PCH transmission without soft-combining, and a sector-specific orthogonal pilot channel (hereafter, without soft-combining) as reference

The inter-site distance (ISDs) in Figs. 9(a) and 9(b) are set to 500 and 1732 m, respectively. The six-ray Typical Urban channel model was assumed in both figures. We see from the figures that compared to the scheme without soft-combining, the synchronous PCH transmission with soft-combining employing either a sector-specific orthogonal pilot or sector-common pilot channel achieves better PER performance. Moreover, the orthogonal repetition with a sector-specific orthogonal pilot channel is slightly superior to soft-combining with a sector-specific orthogonal pilot channel. This is because in the region without intra-Node B macro diversity, inter-sector interference does not occur in the PCH for the orthogonal repetition using the sector-specific orthogonal code, while inter-sector interference occurs in the region for the soft-combining scheme with a sector-specific orthogonal pilot. Furthermore, we observe that the soft-combining scheme using a sector-common pilot channel can significantly improve the average PER performance compared to the soft-combining scheme with a sector-specific orthogonal pilot. This is because the background noise for the sector-specific orthogonal pilot is increased compared to that of the sector-common pilot channel, since channel gains from the two sector-specific orthogonal pilot channels are independently calculated and combined. 
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(a) ISD = 500 m
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(b) ISD = 1732 m

Figure 9 – CDF of average PER (Typical Urban channel model)

Figures 10(a) and 10(b) plot the coverage to satisfy the average PER of 10-2 using the above-mentioned four PCH transmission schemes as a function of the channel coding rate, R, assuming the repetition factor of three in Typical Urban channel model. Corresponding to Fig. 9, Figs. 10(a) and 10(b) assume the ISDs of 500 and 1732 m, respectively. We can see that the superiority of the soft-combining scheme with a sector-common pilot channel to the other methods is clear, for instance, at the 95% CDF value. This is because in the scheme, the transmitted signal energy from two sectors can be fully utilized with the least channel estimation error. We find from the figures that by using the soft-combining scheme associated with a sector-common pilot channel, the average PER of 10-2 at the 95% CDF is achieved at the channel coding rate of R = 0.25 and 0.17 for the ISDs of 500 and 1732 m, respectively, assuming the repetition factor of three. However, in the method, a sector-specific pilot channel must be transmitted from the same sub-frame for CQI measurement and decoding of the uplink control channel. Accordingly, the available information bit rate is decreased from 20/3 OFDM symbols to 19/3 OFDM symbols by the increase in the number of pilot symbols for the ISDs of 500 and 1732 m. Then, the effective channel coding gain is decreased to R = 0.25 x 0.95 = 0.2375 and R = 0.17 x 0.95 = 0.1615. However, we see from the figures that the required channel coding rate to satisfy the average PER of 10-2 at the 95% CDF is approximately 0.21 and 0.14 in the second best scheme, i.e., the orthogonal repetition scheme with a sector-specific orthogonal pilot channel. As a result, the soft-combining scheme with a sector-common pilot channel can achieve the best performance from the viewpoint of the widest coverage, i.e., the highest required coding rate to satisfy the average PER of 10-2 at the 95 % CDF, among the four methods even including the increasing pilot symbol overhead. 
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(a) ISD = 500 m
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(b) ISD = 1732 m

Figure 10 – Coverage at the average PER of 10-2 for channel coding rate 

(Typical Urban channel model)

Finally, Figs. 11(a) and 11(b) plot the coverage to satisfy the average PER of 10-2 using the above-mentioned four PCH transmission schemes as a function of the channel coding rate, R, assuming the repetition factor of three in the Pedestrian A channel model. Compared to the results assuming the Typical Urban channel model in Fig. 10, we observe that the soft-combining scheme with a sector-common pilot channel can improve the coverage area more significantly in the Pedestrian A model, since the path diversity effect by soft-combining is more effective in an environment with a few paths such as in the Pedestrian A model. We conclude that the PCH transmission employing soft-combining associated with a sector-common pilot channel is the most promising among the synchronous transmission schemes in the Typical Urban and Pedestrian A channel models.
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(a) ISD = 500 m
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(b) ISD = 1732 m

Figure 11 – Coverage at the average PER of 10-2 for channel coding rate (Pedestrian A channel model)
In conclusion, we propose the following transmission schemes for the PCH (PICH) and the associated pilot channel.

· PCH and PICH: Synchronous transmission with delay diversity and soft-combining reception at a UE among sectors in the same Node B.
· Pilot channel: Sector-common pilot channel for channel estimation of the PCH or PICH and a sector-specific orthogonal pilot channel located in the first OFDM symbol or in the first and the third last OFDM symbols for the L1/L2 control channel and CQI measurement as shown in Figs. 12.
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(a) Sector-specific pilot symbols are located in the first OFDM symbol for PCH and PICH transmission
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(b) Sector-specific pilot symbols are located in the first and the third last OFDM symbols for PCH and PICH transmission

Figure 12 – Proposed pilot channel structure for PCH and PICH transmissions
(Note: This figure is used for illustration purposes only, and the positions of each channels within the sub-frame do not specify the actual configuration.)
5. Conclusion

This paper first presented control information carried by the PCH and PICH. Then, following the control information, we presented multiplexing schemes for the PICH and PCH. Moreover, through extensive simulations, we clarified that the synchronous transmission with delay diversity and soft-combining in a UE associated sector-common pilot channel was the most promising for the PCH and PICH. 

6. Text Proposal

---------------------------------  Start of Text Proposal  -----------------------------------------------------
7.1.1.2 Multiplexing including reference-signal structure
7.1.1.2.X
Paging channel and paging indicator channel structure
The paging channel (PCH) and paging indicator channel (PICH) are used for network-initiated connection setup. The features of the PCH and PICH are as follows.

· Synchronous transmission with delay diversity among cells in the same Node B and soft-combining reception at a UE is applied to the PCH and PICH.

· The PCH is transmitted from the pre-assigned transmission band at each cell site. More specifically, the PCH is transmitted using one or some assigned resource blocks within the pre-assigned transmission band. The pre-assigned transmission band should be the same for all cells within the same Node B in order to achieve soft-combining.

· The pre-assigned transmission band of the PICH is the same as that for the PCH.
· The PICH may be mapped to the same OFDM symbols as the L1/L2 control channel, although the multiplied scrambling code is different. 

· The pre-assigned transmission band for the PICH can be different from that of the L1/L2 control channel.

---------------------------------------- End of Text Proposal --------------------------------------------------
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