3GPP TSG RAN WG1 Meeting #44bis
                                            R1-061084
Athens, Greece, 27 – 31 March, 2006

Source:
NTT DoCoMo, CATT, Ericsson, ETRI, Fujitsu, Huawei, Institute for Infocomm Research, InterDigital, ITRI, LG Electronics, Mitsubishi Electric, Motorola, NEC, Nokia, Panasonic, Qualcomm Europe, Samsung, Sharp, SHRCWC, Siemens, Texas Instruments, Toshiba Corporation, TTPCom, ZTE
Title:
Text proposal on cell search
Agenda item:
10.1.3

Document for:
Text Proposal
1. Text Proposal

---------------------------------  Start of Text Proposal  -----------------------------------------------------

7.1.2.4  Cell search

Cell search is the procedure by which a UE acquires time and frequency synchronization with a cell and detects the Cell ID of that cell. E-UTRA cell search should support a scalable overall transmission bandwidth from 1.25 to 20 MHz. 
7.1.2.4.1 Purposes of the SCH, BCH, and reference symbols and information to be detected in the cell search
E-UTRA cell search is assumed to be based on two signals (“channels”) transmitted in the downlink, the “SCH” (Synchronization Channel) and “BCH” (Broadcast Channel). 
The primary purpose of the SCH is to enable acquisition of the received timing, i.e., at least the SCH symbol timing, and frequency of the downlink signal. The UE can obtain the remaining cell/system-specific information from the BCH, SCH and also from some additional channels, such as the reference symbols. The primary purpose of the BCH is to broadcast a certain set of cell and/or system-specific information similar to the current UTRA BCH transport channel.
Aside from the SCH symbol timing and frequency information, the UE must acquire at least the following cell-specific information.

· The overall transmission bandwidth of the cell

· Cell ID

· Radio frame timing information when this is not directly given by the SCH timing, i.e., if the SCH is transmitted more than once every radio frame, see Section 7.1.2.4.2 for further information.
· Information regarding the antenna configuration of the cell (number of transmitter antennas)
· Information regarding the BCH bandwidth if multiple transmission bandwidths of the BCH are defined, see also Section 7.1.2.4.3
· CP length information regarding the sub-frame in which the SCH and/or BCH are transmitted
Each set of information is detected  by using one or several of the SCH, reference symbols, or the BCH.
The information regarding the overall transmission bandwidth of the cell can directly indicate the BCH bandwidth since the BCH bandwidth in relation to the transmission bandwidth of the cell is pre-specified. To facilitate Cell ID detection, several options in embedding the Cell ID into the SCH are possible. For example, the Cell ID may be directly mapped into the SCH, or different Cell ID information may be group-wised. For the case of group ID, cell ID group index can be detected using the SCH, and the Cell IDs within the detected Cell ID group can be detected using reference symbols or the BCH. As an alternative approach, information regarding the BCH bandwidth and CP length may be detected by blind detection from the SCH or BCH, by using hypothesis testing for example. 
Detailed information conveyed by the SCH, reference symbols, and BCH should be studied during SI.
7.1.2.4.2 Structure in time
Figure 1 shows different possibilities for the basic transmission timing of the downlink SCH and BCH during one radio frame. The SCH and BCH are transmitted one or multiple times every 10-msec radio frame. Note that the numbers of SCHs and BCHs per radio frame may not be the same, as can be seen in the lowest part of Fig. 1. The BCH is placed at a well-defined time instant after/before the downlink SCH by the time delay/advance of .  The number of SCH and BCH transmissions per radio frame should be studied from the viewpoints of detection probability, cell search time including inter-radio access technology (RAT) measurement for various mobility conditions, and impact on the TDD mode. For the TDD mode, multiple SCH and/or BCH transmissions per radio frame may lead to undesirable restrictions on the TDD framing structure and the set of possible UL/DL asymmetries may be reduced.  This is especially true for lower numbers of switching points per frame. For the LCR TDD based frame structure (Figure 6.2.1.1-1), the SCH is transmitted in downlink special time slot DwPTS, and the BCH is transmitted in the TS0 timeslot, for every 5-msec radio sub-frame.
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Figure 1 – Basic transmission timing of downlink SCH and BCH during one radio frame. Please note that this figure is for illustrative purposes only and is not meant to specify the number of SCHs and BCHs per radio frame.

The position of the SCH transmission timing within a sub-frame should be fixed in all sub-frames to which the SCH is multiplexed and the spacing of the sub-frame with the SCH should be constant, in order to allow a simple averaging of the correlations over multiple sub-frames. To achieve constant SCH transmission timing within a sub-frame, the following three SCH symbol multiplexing methods should be investigated.

· SCH symbol multiplexing on the last OFDM symbol within a sub-frame 
· SCH symbol multiplexing on the first OFDM symbol within a sub-frame and mandating a short CP length for that OFDM symbol when both short and long CP lengths are used in a cell
· Mandatory usage of the same CP length (either short CP or long CP) for all the sub-frames to which the SCH is multiplexed, along with possible restrictions on the multiplexing of the MBMS channel 
Figure 2 shows the first method. The SCH should be multiplexed into the last OFDM symbol within a  0.5-msec sub-frame. This leads to a fixed SCH symbol transmission timing regardless of the CP length. This configuration achieves sub-frame timing detection without the knowledge of the CP length at the UE. It also allows for a simple averaging of the correlation values over multiple sub-frames. The first method allows flexible CP length allocation, i.e., allocation of long and short CPs to any sub-frame without restrictions from the SCH detection perspective. On the other hand, using this approach, restrictions on the UL/DL switching point for TDD are necessary in the case that the DTX of the last part of the downlink sub-frames is used for creation of the TDD guard time.
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Figure 2 – Basic transmission timing of downlink SCH within sub-frame in the first method. Please note that this figure is for illustrative purposes only.
Figure 3 shows the second method. In the second method, an SCH symbol is multiplexed into the first OFDM symbol within a sub-frame and a short CP is used for that OFDM symbol regardless of the CP length for the other OFDM symbols within that sub-frame. This method also leads to a fixed SCH symbol transmission timing at the UE and allows flexible CP length allocation and a flexible UL/DL switching point for the TDD mode. On the other hand, the necessity for SFN reception of the SCH from multiple cells, and the decoding procedure and transmission performance of the other channels mapped on the first OFDM symbol with the SCH should be investigated further since the second method cannot apply a long CP to the SCH when applying a short CP to unicast while applying a long CP to broadcast for SFN reception. 
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Figure 3 – Basic transmission timing of the downlink SCH within a sub-frame in the second method. Please note that this figure is for illustrative purposes only.
On the other hand, in the third method, an SCH symbol is multiplexed into any OFDM symbol within any sub-frame as shown in Fig. 4.  In this method, one or more arbitrary OFDM symbols of a sub-frame may be used for mapping the SCH. However, since the same OFDM symbol position within a sub-frame and within a radio frame should be maintained, it is necessary to restrict MBMS transmission to sub-frames not affected by the SCH in the case that CPs of different lengths are used for the SCH and MBMS. Note that in all the three methods, if SCH transmission occurs multiple times in a radio frame, the information provided by the SCH may be distributed over multiple transmissions, or may be repeated.
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Figure 4 – Basic transmission timing of the downlink SCH within a sub-frame in the third method. Please note that this figure is for illustrative purposes only.
Additionally, the reference symbol detection method when there are sub-frames with different CP lengths within a radio frame, e.g., for multiplexing the MBMS channel, should be studied. There are two important issues to be studied.

· Restrict the time multiplexing of long-CP and short-CP sub-frames in order to allow performance improvements through averaging
· Modify the CP structure of the first OFDM symbol of a long-CP sub-frame in order to keep the same time-alignment of the first reference signal between short-CP and long-CP sub-frames (Figure 5)
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Figure 5 – Transmission timing of the first reference symbol within a sub-frame with long CP. Please note that this figure is for illustrative purposes only.
7.1.2.4.3 Structure in frequency
Given that whole mobility scenarios are not fully defined yet, the following assumptions are taken for evaluation during the SI phase:


· The center frequency of the center sub-carrier over the overall transmission band of each cell site is to be designed to satisfy the E-UTRA raster condition regardless of the overall transmission bandwidth of the cell site.
· The downlink SCH is transmitted only in the central part of the overall transmission band of the cell. As shown in Fig. 6, working assumption is to focus the study on a SCH structure based on the constant bandwidth of 1.25 MHz regardless of the overall transmission bandwidth of the cell, at least for initial cell search.
· The downlink BCH is also transmitted in the central part of the transmission bandwidth of the cell. In Fig. 7, the constant bandwidth of 1.25 MHz is used for the downlink BCH, regardless of the overall transmission bandwidth of the cell. Alternatively, the BCH may be transmitted over a 5-MHz frequency band to increase the frequency diversity effect when the overall transmission bandwidth is equal to or wider than 5 MHz. In the latter case, the UE may acquire the BCH bandwidth from the SCH to reduce the decoding complexity of the BCH, compared to the case when the UE tries to decode all the possible BCH bandwidths. Whether 1.25 MHz or 5 MHz is better as the BCH bandwidth should be investigated during the SI phase. Additionally, it should be investigated during the SI phase whether parts of the system information can be broadcast using a 1.25-MHz BCH and then, if necessary, the remainder of the system information is broadcast using a 5-MHz BCH.
· Regardless of the total transmission bandwidth capability of a Node B, a UE should be able to determine the cell ID using only the central portion of the bandwidth (i.e., the part of the bandwidth containing the SCH) in order to achieve very fast cell search.
Note that Figs. 6 and 7 are for illustration purposes only and the details of the SCH and BCH structure should be studied during SI.

[image: image6.emf]SCH

10-MHz bandwidth

20-MHz bandwidth

5-MHz bandwidth

1.25-MHz bandwidth

2.5-MHz bandwidth


Figure 6 – Frequency allocation of the downlink SCH. Independent of the overall transmission bandwidth, the SCH is defined for 1.25 MHz and centered in the middle of the overall transmission bandwidth.
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Figure 7 – Frequency allocation of the downlink BCH. Independent of the overall transmission bandwidth, the BCH is defined for 1.25 MHz and centered in the middle of the overall transmission bandwidth.

Furthermore, allocation of a larger bandwidth for the SCH and BCH with repetition in the frequency domain and time-shifting of the block-wised BCH information in the case of a 20-MHz transmission bandwidth should be considered from the viewpoint of mobility support. 
A typical start up procedure would be that a UE first detects the central part of the spectrum regardless of the receiving bandwidth capability of the UE and the transmission bandwidth of the Node B and performs a cell search. Then, the UE moves to the transmission bandwidth for actual communications assigned to it by the system. This procedure is illustrated in Fig. 8. 
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Figure 8 – Principle of the cell search in Evolved UTRA. 

7.1.2.4.4 Transmit diversity for SCH and BCH transmission
The SCH is the first physical channel for a UE to acquire. Thus, the SCH must be received without a priori knowledge of the number of transmitter antennas of the cell. Thus, transmit diversity methods that do not require knowledge of the number of transmit antennas can be considered for the SCH (e.g., time switched transmit diversity (TSTD), frequency switched transmit diversity (FSTD), and delay diversity including cyclic delay diversity (CDD)). 
These diversity schemes can also be considered for the BCH in order to improve the packet error rate (PER) of the BCH.  In addition, if the configuration of the transmitter antennas of the cell is provided outside the BCH, e.g., using the SCH or reference symbols, block code-based transmit diversity can be considered.
---------------------------------  End of Text Proposal  -----------------------------------------------------
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