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1
Introduction

The cell search procedure in E-UTRA can be classified into two categories:

· Initial cell search

· UE does not know system bandwidth, CP duration(s) in use and UL/DL configuration (TDD)

· Neighbor cell search

· UE camped on one cell

Our design for initial cell search procedure has been outlined in [1]. Neighbor cell search is somewhat different due to two aspects:

· System specific information is already known to the UE

· CP duration, bandwidth, etc

· UE has to keep monitoring other cells

In this document, we analyze the mobility related issues for SCH.

2
Overview of SCH

Across multiple SCH design proposal from various proponents in RAN1, one can construct a nominal initial acquisition procedure based on primary (PSC) and secondary (SSC) synchronization codes and or reference signal. While the exact details of which unknowns are determined at which stage differ between companies, as do the choice of sequences and the SCH multiplexing structure within the radio frame, a few observations can be clearly made:
During initial acquisition, the UE acquires:

· Cell specific timing

· Symbol and radio frame timing

· Cell ID

The DL system bandwidth is available from primary BCH. The P-SCH and S-SCH nominally spans 1.25 MHz.

Given that the baseline acquisition procedure discussed in RAN1 so far involves some form of correlation of the incoming samples either with a locally generated replica or with a delayed version of the transmitted signal, the issue of complexity plays a fairly important role in deciding the best initial acquisition design choice. 
For R99 WCDMA, considerable amount of effort was expended on the sequence choices for PSC and SSC, to ensure that the acquisition process minimizes the number of operations in the receiver.
So far, all the complexity analysis has centered on initial cell search. However, in asynchronous systems, neighbor cell search is also equally important, if not more important, for several reasons.

Once the UE is in LTE_IDLE or LTE_ACTIVE states, it needs to continuously monitor neighboring cells and acquire the cell ID and possibly report DL CPICH SNR to the network. This procedure is essential for robust handover procedure for active terminals. Depending on the size of paging area, one needs to consider the impact on idle handovers as well.

Such a continuous monitoring procedure has an impact on the UE’s power consumption.

Neighbor cell search procedure may be network assisted, by transmitting the neighbor cell parameters on the BCH, as is done in WCDMA. However, this constitutes a significant signaling overhead in WCDMA. These overheads can become even more excessive (for the same delay) as the system bandwidth is smaller than 5 MHz [3].  A summary of e-mail discussion (RAN2) on a proposal to reduce neighbour cell information in E-UTRA is shown in [2]. 
Therefore, the neighbor cell search procedure should be defined such that UE complexity is minimized without any assistance from the network.

3
Wideband Cell Search

A candidate wideband cell search procedure is shown in Figure 2, outlining the location of PSC and SSC symbols in time within the 10ms radio frame. 
The PSC is present in a 0.5ms preamble and a 0.5ms midamble every radio frame. The SSC is present in the 0.5ms preamble, adjacent to the PSC [1].
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Figure 2
PSC and SSC – Initial Cell Search
The bandwidth of P-SCH and S-SCH are set to 1.25 MHz, regardless of the system bandwidth, as shown in Figure 3. The center 1.25 MHz is always occupied by the SCH for initial acquisition.
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Figure 3

PSC and SSC – Frequency Location
4
Narrowband Cell Search for Mobility

In this section, we introduce a narrowband signal based cell search procedure. 

4.1
Beacon Tone

First, we define the notion of a beacon symbol and beacon tone. 

In a beacon symbol, the entire Node-B transmit power is concentrated on a single tone, named as beacon tone, resulting in a very high SNR on those beacon tones.
For example, for 1.25 MHz numerology, with 75 useful tones, the SNR on a single beacon tone is at least 18.75 dB higher than what one would achieve with a wideband signal. We state that the SNR is at least 18.75 dB higher, since the transmitter PA backoff can be reduced further with a single carrier operation, resulting in an even higher SNR on the beacon tone.
4.2
Beacon Assisted Search

In each cell, a specific OFDM symbol is denoted as the beacon symbol (BSC) and is transmitted every 10ms radio frame. This is shown in Figure 4. Note that  BSC may be placed in preamble and/or other symbols except those symbols having reference signal.
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Figure 4

Beacon Symbol

Each cell is assigned a specific beacon tone hopping pattern that varies in time. The cell ID specific beacon tone hopping pattern is used by the UE to determine the cell ID. 

For reasons that will be clear later, the location of the BSC varies in time in the midamble region.
The UE determines the cell ID using a simple procedure:

· For each tone, the post-FFT output signal is compared against an energy threshold

· If the signal energy exceeds the threshold, it is marked as a candidate beacon tone from a neighbor cell
· If this UE is anticipating any signal from the serving cell on this candidate tone, the decoder scales the soft symbol such that the demodulated symbols appear as erasures at the decoder input
· On subsequent radio frames, if the signal energy on specific tones exceeds the threshold in a manner that is consistent with the cell specific beacon tone pattern, that specific cell is declared as detected
We observe the following:

· The UE procedure is extremely simple

· No correlations are involved in the process

· The procedure naturally allows for a parallel search of all possible cells

· The UE does not rely on any assistance from the network
4.3
Beacon Numerology

In such a TDM based beacon structure, the beacon symbol constitutes an additional 0.7% overhead, apart from the wideband PSC and SSC.
In an asynchronous system, we need to ensure that a beacon can be identified by a unique location in frequency, across multiple frames. We achieve this by using only 1/3 of the available tones.

For 1.25 MHz system, we use only 24 tones out of the available 75 tones for beacons in the system. These beacon tones are uniformly spaced 45 kHz apart.
The number of used beacon tones in the system varies as a function of system bandwidth as shown in Table 1.
	System Bandwidth

(MHz)
	Number of Tones Available
	Number of Tones for 

PSC/SSC
	Number of Tones for Beacons 
	Bandwidth used for Beacons across the System

(MHz)
	Beacon SNR delta relative to PSC/SSC

(dB)

	1.25
	75
	75
	24
	1.25
	18.75

	2.5
	150
	75
	48
	2.5
	18.75

	5
	300
	75
	96
	5
	18.75

	10
	600
	75
	192
	10
	18.75

	15
	900
	75
	288
	15
	18.75

	20
	1200
	75
	384
	20
	18.75


Table 1

Beacon Parameters
The total number of cell ID hypotheses is 512. 

4.4
Beacon Hopping Pattern

The beacon tone location in time/frequency is dithered in time for each cell to ensure a unique hopping pattern.
4.5
Simulations

We evaluate beacon performance with the following metric – average time to detect a beacon pattern for a false detection probability (beacons are detected at wrong timing) and a false alarm probability (beacon tones are not set but are detected) kept below 5∙10-3 for all the cases. 

The simulation results are based on the 1.25MHz numerology with 24 beacon tones and with 2x receive diversity at the UE. The cell signature is based on the beacon location of two consecutive beacon tones.  
TU3 simulation results
	SNR per antenna
(dB)
	Timing offset

	
	0 OFDM
symbol
	0.5 OFDM
symbol

	-8
	30ms
	70ms

	-6
	25ms
	40ms

	-4
	22ms
	26ms

	-2
	21ms
	27ms



TU30 simulation results
	SNR per antenna
(dB)
	Timing offset

	
	0 OFDM
symbol
	0.5 OFDM
symbol

	-8
	30ms
	67ms

	-6
	25ms
	35ms

	-4
	22ms
	30ms

	-2
	21ms
	25ms


The performance loss at 0.5 OFDM symbol timing offset is due to the fact that the beacon tone energy is split across two OFDM symbols. The performance for this case can be improved combining 2 OFDM symbols before making a hard decision on beacon tone (not implemented in the simulations).
Note that at the end of such an average observation period, the UE can detect several cells simultaneously.

5
Summary and Conclusions

In this document, we introduced a different approach towards neighbour cell detection which relies on no network assistance via neighbour list messages. 

· Significant signaling overhead reduction over the BCH.

· Removal of the need of network planning to generate the neighbour lists.
· Each cell “advertises” itself

In addition, this proposal exploits the signal processing being used for data detection (FFT engine) to early detect neighbour cells while demodulating the signal from the serving cell. 

· No parallel “searcher” process necessary.
· UE battery savings.
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� This does not take PA backoff into account.
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