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1. Introduction
In RAN1#48, the following working assumptions are agreed upon for the E-UTRA cell search [1]: 

1. The cell ID within each group (3 possibilities) is mapped onto the PSC.

2. The cell ID group (170 possibilities) and the frame timing (2 possibilities) are detected in from the S-SCH.

3. The antenna configuration (3 possibilities) and hopping indicator (2 possibilities) are detected from either the S-SCH (step 2) or the DL RS (step 3).

In addition, the frame timing (2 possibilities) shall be detected from the S-SCH. It was demonstrated in [2] that further increasing  the number of hypotheses in step 3 results some performance loss. It was assumed that the additional hypotheses in step 3 are encoded based on a set of signature sequences.

In this contribution, we extend the study in [2] by comparing the antenna configuration detection from the S-SCH with that from the DL RS. Two methods are considered for the RS-based detection: sequence-based and blind detection. Assuming 3-dB power boost for the DL RS, we observe the following:

1. Encoding the antenna configuration in the S-SCH results in the best performance. 

2. Blind detection results in the worst performance especially for low UE speed as the averaging length becomes increasingly large for lower UE speed.
3. It can be inferred from [2] and the results in this contribution that the same holds for the DL RS hopping detection, if the presence of hopping needs to be detected.

Therefore, we recommend that antenna configuration be detected in step 2 and hence encoded in the S-SCH for the best cell search performance. If hopping needs to be detected, the hopping indicator should also be detected in step 2 and hence encoded in the S-SCH.
2. Detection Schemes
The antenna configuration can be detected prior to P-BCH decoding via one of the 3 alternatives:
1. S-SCH encoding: increasing the number of hypotheses in the S-SCH by 3
2. DL RS encoding: using different RS sequence for different antenna configurations on top of the 2D orthogonal and pseudorandom sequences
3. Blind detection via the DL RS: detect the presence of RS for antennas 2, 3, and 4
All the 3 schemes are simulated in this contribution. The derivation of blind antenna configuration detector is given in Appendix A. We simulate the GCL-based S-SCH scheme (see, e.g. [3, 4]). The GCL definition is given in Table 1 depending on the  number of hypotheses in step 2. Length-73 Zadoff-Chu sequences are assumed. For the sequence-based antenna configuration detection, we use the extended Walsh-Hadamard design given in [5].
Table 1: GCL definition
	Hopping detection/NTXA detection
	No. hypotheses in step 2
	GCL definition

	
	
	ZC root sequences
	Cyclic shifts

	Step 2/Step 2
	2040
	30
	68

	Step 2/Step 3 sequence
	680
	10
	68

	Step 2/Step 3 blind
	680
	10
	68


For detecting the presence of DL RS hopping, only 2 alternatives are available:
1. S-SCH encoding: increasing the number of hypotheses in the S-SCH by 2

2. Blind detection via the DL RS
While the blind detection of DL RS hopping is not simulated in this contribution, the procedure should be the same as that for the antenna configuration detection (see Appendix A for further discussion).
3. Simulation Results
The link- and system-level simulation assumptions are given in the Appendix B. Step 1, 2, and 3 are simulated in a combined (serial) manner. First, step 1 is performed over 5-ms where the timing, PSC index, and frequency offset are estimated. When multiple 5-ms epochs are used, combining across epochs are used for step-1. A genie timing criterion (
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) is used to check if step 1 needs to be repeated. The resulting timing estimate and PSC index are then used to perform step 2 over 5-ms. For each UE drop, the average total cell search time is estimated. 
For step 3 detection, we only utilize the DL RSs within the sub-frames where SCH is located [5]. This amounts to 4 RS symbols (corresponding to 1 sub-frame or 2 slots) per 5-ms interval. This is because the CP length can vary across sub-frames and hence unknown before BCH is decoded. Note that step 3 is not performed until step 2 succeeds (based on a genie criterion). 3-dB boost is applied to the DL RS.   
3.1. Single-Cell: DL RS sequence-based vs. blind detection
We first compare the sequence-based detection (Scheme 2 in Section 2) with the blind detection (Scheme 3) for detecting the antenna configuration. We assume ideal timing estimation and compare the detection error rate (for detecting the number of Node-B antennas) as a function of SNR (geometry) with different UE speeds (3-kmph and 120-kmph) as well as averaging periods (T ranging from 5-ms to 100-ms). The results are depicted in Figure 1 where the red curves indicate the sequence-based detection and the blue curves represent the blind detection. We observe the following:

· Compared to the sequence-based method, the performance of blind detection improves much slower as the averaging period is increased. This especially holds at 3-kmph. This indicates that the resulting cell search time for blind detection is significantly higher compared to the sequence-based method.
· For a fixed detection error rate, the performance difference between the sequence-based and blind detection is ~10-dB in terms of the required SNR.
Hence, blind detection is clearly an inferior method compared to the sequence-based method. Furthermore, as demonstrated in the next session, detecting the antenna configuration from the S-SCH is superior to the sequence-based  method. 
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Figure 1. Antenna configuration detection error rate using DL RS for sequence-based vs. blind detection 
3.2. Multi-Cell
To measure the cell search performance, the average cell search time is plotted against the percentile over the cell edge UEs. This corresponds to the initial cell search performance of the worst UEs (5-ppm offset) and reflects the scenario for neighboring cell search (0.1-ppm offset). Both asynchronous and synchronous scenarios are simulated. Coherent S-SCH detection is assumed as it was demonstrated superior to non-coherent detection (e.g. [6, 7]).
Figures 2 and 3 depict the cell search performance for asynchronous and synchronous networks with 5-ppm frequency offset, respectively. The results with 0.1-ppm frequency offset are given in Appendix C, which lead to the same conclusion. We observe the following:

· In all cases, detecting the antenna configuration via the S-SCH gives the best performance. 
· The blind detection from the DL RS offers much worse performance compared to the S-SCH-based detection. As evident from Figures 2 and 3, the cell search time increases by at least 2x for higher percentile cell edge UEs with lower mobility. For lower percentile UEs, the degradation is even more severe relative to the S-SCH-based detection.
· The sequence-based detection performs worse than the S-SCH-based detection. The sequence-based detection results in ~40% to 100% increase in cell search time compared to the S-SCH-based detection. The loss in low UE mobility is more severe.
Hence, it is evident that the S-SCH-based detection offers the best performance in all cases. While this contribution assumes the GCL-based S-SCH design, the same conclusion is expected for other S-SCH designs such as the FEC-based and 2-level concatenated designs. This is because those schemes perform equally well (see, e.g. [8]).
The same conclusion should hold for the hopping detection: encoding the hopping indicator in the S-SCH results in better performance compared to the blind detection. 
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Figure 2. Cell search time with 5-ppm offset and asynchronous network 
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Figure 3. Cell search time with 5-ppm offset and synchronous network 

4. Conclusions
In this contribution, we evaluated the antenna configuration detection from the S-SCH with that from the DL RS. Two methods are considered for the RS-based detection: sequence-based and blind detection. Assuming 3-dB power boost for the DL RS, we observe the following:

1. Encoding the antenna configuration in the S-SCH results in the best performance. 

2. Blind detection results in the worst performance especially for low UE speed as the averaging length becomes increasingly large for lower UE speed.

3. It can be inferred from [2] and the results in this contribution that the same holds for the DL RS hopping detection, if the presence of hopping needs to be detected.

Therefore, we recommend that antenna configuration be detected in step 2 and hence encoded in the S-SCH for the best cell search performance. If hopping needs to be detected, the hopping indicator should also be detected in step 2 and hence encoded in the S-SCH.

Appendix A: Blind detection algorithm 

The blind detection method essentially performs the following test:

· Find if the DL RS is present for antenna 2:

1. If not, NTXA = 1

2. If yes, find if the DL RS is present for antenna 3+4

a. If not, NTXA = 2

b. If yes, NTXA = 4

One way is to perform the test in equation (1) where  is a threshold. Here, 
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 denote the received signal vector associated with the location (in time and frequency) of the DL RS for the NTXA=p hypothesis. The corresponding channel estimate and RS sequence are denoted as 
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is the unknown DL RS boost. If the test in (1) passes, then the hypothesis is correct.  
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(1)
The test in (1), however, is expected to perform very poorly since the threshold is proportional to the unknown noise + interference variance. To circumvent this problem, an estimate of the noise + interference variance can be obtained from the first antenna. Furthermore, the test can be formulated as the following confidence interval test:    
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(2)
The threshold  can be optimized to obtain a certain error rate level. This test is expected to perform significantly better than (1).  However, 
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 is still unknown and cannot be estimated during the cell search. This can be solved by applying the principle in the generalized likelihood ratio test (GLRT) and assuming that the channel remains constant within M sub-carriers (i.e. proportional to the  channel coherence bandwidth). It can then be shown that the following modification of in the test statistics can be obtained:
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(3)
Note that the second term in (3) is the partitioned correlation. For TU channel, M=4 seems to provide the best performance. 
For detecting the presence of the DL RS hopping, similar principle applies for blind detection. However, since the hopping pattern can be determined from the cell ID group (obtained from step-2 cell search), the hopping detection can be formulated as a 2-hypothesis test which in essence compares the energy of the two correlation statistics at two different locations: default (non-hopping) vs. hopping pattern. Hence, the performance is expected to be comparable to the sequence-based detection for antenna configuration which is still inferior to the S-SCH encoding method. Furthermore, it should also be noted, that the hopping pattern may extend over 1 full radio frame (10-ms) and occasionally overlap. Hence, an additional time of ≥10-ms may be required to complete cell search relative to the S-SCH encoding method. 
Appendix B: Simulation Assumptions
The simulation assumptions are given in Tables B1 and B2 below. 

	Parameter
	Assumption

	Bandwidth
	1.25 MHz

	Carrier frequency
	2 GHz

	Channel Model
	Typical Urban 3 kmph

	CP size
	Short

	No. TX and RX antennas
	1 TXA, 2 RXAs, uncorrelated

	Frequency offset 
	±0.1 ppm (maximum):  frequency offset is modeled as a uniform random variable. 

	PSC sequences
	Frequency domain ZC length 37: 3 PSCs (different PSCs use different ZC root sequences)

	P-SCH format
	2x repetitive

	Timing detection algorithm
	2-part replica-based

	RS power boost
	3-dB


Table B1: Link Level Simulation Assumptions

	Parameter
	Assumption

	Cellular layout
	Hexagonal grid, 19 cell sites, 3 sectors per site

	Minimum distance between UE and cell site
	35 m

	Site-to-site distance
	0.5 km, 1.732 km, 3.464 km (represent cell radius of 300m, 1km, 2km) 

	Antenna pattern
	70-degree sectored beam

	Total BS Tx power
	43 dBm

	Distance dependent path loss
	ISD=0.5km, 1.732km, (14dBi Node B antenna gain and  hNB = 15m), 3.464 km (20dBi Node B antenna gain and hNB = 30m)

	Penetration loss
	20 dB

	Shadowing standard deviation
	8 dB

	Shadowing correlation between cells / sectors
	0.5 / 1.0

	No. UE’s dropped within the cell
	500 (uniformly), each drop is simulated over 10,000-20,000 fading realization


Table B2: System Simulation Parameters
Appendix C: Results with 0.1-ppm frequency offset
In this section, the multi-cell results with 0.1-ppm initial frequency offset are given. As expected, the same trend is observed as that with 5-ppm frequency offset.
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Figure 4. Cell search time with 0.1-ppm offset and asynchronous network 
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Figure 5. Cell search time with 0.1-ppm offset and synchronous network 
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