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1. Introduction
In hierarchical cell search, timing acquisition is performed using the primary SYNC channel (P-SCH) which carries the primary SYNC code (PSC). For WCDMA [1,2], a cell-common PSC is used. Note that WCDMA is designed for asynchronous network. For the enhanced UTRA (E-UTRA), however, the tightly synchronized network scenario is quite pertinent as the benefits of synchronized network are quite evident especially for broadcast-multicast services (for SFN) and inter-cell interference management. In this case, several problems can be identified with a cell-common PSC in a tightly synchronized network:

1. The composite multi-path channel experienced by a cell-common PSC is a superposition of the multi-path channels from all the node Bs to the UE of interest (analogous to the multi-path channel for E-MBMS in a SFN). While this composite multi-path channel possesses higher average power, its profile differs significantly from the unicast multi-path channel (from the serving node B to the UE of interest). 

2. As a result, the timing estimate obtained from the cell-common PSC may be off from the correct timing for the unicast transmission. This is expected to be worse for larger cell sizes. 

3. Since the SSC is cell-specific,  it only experiences the channel from the serving node B (similar to unicast). Hence, the channel estimate obtained from the PSC cannot be used to reliably decode the cell specific information embedded in the SSC. 

As a solution to this problem, the use of a small number of PSCs (with one cell assigned to one of the PSCs) was proposed to avoid multi-path channel combining from the serving and neighboring node Bs. It was demonstrated in [6] that the mismatch between the composite multi-path channel seen by P-SCH and the multi-path channel associated with a unicast transmission results in significant degradation in a tightly synchronized network using one cell-common PSC. It was also demonstrated that the use of 8 PSCs (each PSC is assigned to one of the neighboring cells) removes such degradation. In [6], timing acquisition and cell ID detection were separately simulated in order to study the effect of channel mismatch on each of the two cell search aspects.  In particular, cell ID detection was performed with perfect timing detection. Also, perfect PSC detection was assumed for the 8-PSC scheme. Hence, the effect of timing and PSC detection errors are not captured in the cell ID detection. In this contribution, stage 1 and 2 are simulated in a combined (serial) manner so that the effect of detection error in stage 1 (timing and PSC detection) is fully accounted in stage 2 (cell ID detection). Once again, we demonstrate the following:

1. The mismatch in multi-path channel between PSC and unicast significantly degrades the cell search performance for tightly synchronized networks with one cell-common PSC. 

2. The 8-PSC scheme solves the above problem. The same can be said for 7-PSC.
Based on the results and conclusions presented in this document and other companion contributions, it is recommended that a small number of PSCs be supported for the E-UTRA to ensure competitive cell search performance in both asynchronous and tightly synchronized networks.
2. Review of the N-PSC scheme
The proposal can be described as follows: the PSC for a cell is chosen from a set of N PSCs instead of a single common PSC. Different PSC’s are used from the cells within the first tier hence some network planning is required. In general, N should be:

· As small as possible to reduce the timing detection complexity and the potential loss in performance

· Sufficiently large to avoid multi-path channel combining from the neighbouring cells within the first tier. 

A good choice of N is 7 or 8, which avoids not only the multi-path channels from the first tier cells, but also from the second tier cells. The planning pattern for N=8 can be easily extended from the pattern for frequency reuse 7 as shown below in Figure 1. Similar proposal can be found in [7] where sector-specific PSC is proposed.
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Figure 1. Pattern for reuse 7 which can be used for PSC allocation
Essentially, this proposal attempts to emulate an asynchronous network scenario in a synchronous network configuration during cell search. This proposal has the following advantages:
1. The multi-path channel mismatch between P-SCH and unicast transmission in synchronous network is removed. This aids in timing acquisition. 
2. Moreover, since the mismatch is removed, a more reliable PSC-based channel estimation can be obtained to coherently demodulate S-SCH.
3. Note that the PSC “index” can also be used as a partial cell ID information or indicator. That is, it may be used either to reduce the cell ID overhead in the S-SCH or to increase the reliability of cell ID detection.
For this scheme, the timing and PSC index need to be jointly detected. This joint detection might increase the timing acquisition complexity as well as results in some potential performance loss in asynchronous network when the PSC index is wrongly detected. However, as demonstrated in Section 4, this loss is negligible.
3. Simulation Setup and Assumptions
To fully capture the effect of power gain and multi-path channel mismatch in the performance, a system level 19-cell setup is needed to simulate the multi-path channel combining across cells. For each UE drop, the cell search time (averaged over channel realizations) is measured. The agreed link level numerology in [3] is applied. Additional simulation assumptions are given in Table 1 and 2. 0.1ppm frequency offset is assumed to represent neighbouring cell search scenario. Also, four cell sizes are simulated. The site-to-site distance of 500m and 1.732km represent case 1 and 3 of the system-level evaluation [3]. The requirement, however, considers cell range up to 5-km for optimized performance ([8] Section 7.4). Hence, two larger cell sizes are also simulated.
	Parameter
	Assumption

	Bandwidth
	1.25 MHz

	Channel Model
	Typical Urban 3 kmph

	CP size
	Short

	No. TX antennas
	1

	No. RX antennas
	2, uncorrelated

	Number of frames for averaging 
	1 for stage 1, 1 for stage 2 ( total = 2 frames 

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

	SCH placement
	Follow [5]: P-SCH 4 symbols/frame, S-SCH distributed, occupy reference signal

	PSC sequences
	Frequency domain BPSK (random): 1 or 8

	P-SCH format
	Non-repetitive and 2x repetitive

	Timing detection algorithm
	2-part replica-based [4]

	FEC-based S-SCH
	Convolutional code K=4 rate ½, 1/3, ¼ with tail bits

	Cell specific information embedded in S-SCH
	Total = 12 bits: cell ID = 9 bits, others = 3 bits 


Table 1: 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, 8.66 km (represent cell radius of 300m, 1km, 2km, and 5km) 

	Antenna pattern
	70-degree sectored beam

	Total BS Tx power
	43 dBm

	Distance dependent path loss
	ISD=0.5km, 1.732km: 128.1 + 37.6log10(d) (14dBi Node B antenna gain and  hNB = 15m)
Larger ISDs: Okumura-Hata model with 20dBi Node B antenna gain and hNB = 30m [9, 10]

	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 2: System Simulation Parameters
As mentioned in Section 1, stage 1 and 2 are simulated in a combined (serial) manner. First, stage 1 is performed over 1 frame where the timing and frequency offset are estimated. When 8 PSCs are used, the PSC “index” (1,2, …, or 8) is also detected. The resulting timing estimate (and PSC index for the 8-PSC scheme) is then used to perform stage 2 over 1 frame. Hence, the effect of timing and PSC detection errors are fully accounted in the cell ID detection.  For each UE drop, the cell ID detection error rate is estimated by averaging over numerous fading realizations. The average total cell search time is then estimated by assuming that both the stages are repeated until the cell ID is successfully detected.
In this contribution, all the four P-SCH symbols in each frame are utilized for stage 1. In general, it is possible to use fewer than 4 symbols to perform stage 1. While this might lower the time for each cell search attempt (less than 2 frames), it will also increase the cell ID detection error. Since the location of S-SCH indicates the frame timing, at least one full frame is generally required to complete stage 2.
4. Simulation Results
We first demonstrate the potential mismatch between the unicast channel (experienced by the S-SCH and other unicast-type transmissions) and the channel experienced by a cell-common PSC in a tightly synchronized network. Figures 2 and 3 depict some examples of multi-path profiles (averaged over short-term fading)  associated with the inter-site distance of 0.5-km and 1.732-km, respectively. The “unicast” and “common PSC” profiles are compared for 2 different UE positions: near Node B (and unshadowed) and on the cell edge (or heavily shadowed). 
As expected, the mismatch increases as the UE is farther from the Node B. Based on the above examples, it should not be surprising that the cell search performance for the cell edge UEs is greatly deteriorated when one cell-common PSC is used in a tightly synchronized network. This is mainly due to the inaccuracy of the channel estimates obtained from the P-SCH for demodulating the S-SCH. Note that the profiles in Figures 2 and 3 are the long-term profiles. When short-term fading is taken into account, the mismatch may become worse as the short-term fading from different Node B’s to a UE are typically uncorrelated.
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Figure 2. Channel profile ISD=0.5-km: (a) UE close to Node B (b) UE on cell edge 
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Figure 3. Channel profile ISD=1.732-km: (a) UE close to Node B (b) UE on cell edge
In Figures 4 and 5, the total cell search time (Av.CST) are plotted against the percentile across the cell edge UEs for the non-repetitive and 2x-repetitive P-SCH structures, respectively. These represent the distribution of cell search performance across cell edge UEs within a cell. Here, cell edge UEs are defined as the UEs with unicast geometries within the lower 5% geometry region. This is intended to highlight the neighboring cell search performance. The following can be observed from the results:
· As evident, using one cell-common PSC in synchronous network results in significant performance loss relative to that for asynchronous network. This loss becomes more significant for lower percentile UEs and/or larger cell sizes. The performance degradation mainly comes from channel estimation error due to the mismatch between the channel experienced by P-SCH and S-SCH. The performance loss is less when stronger FEC (lower rate coding) is used for S-SCH. However, stronger FEC implies higher overhead and/or higher decoding complexity (see [11]). For example, using the assumption in Table 1 (12-bit cell-specific info) the overhead associated with rate ½ K=4 CC is 30 sub-carriers, whereas rate ¼ K=4 CC corresponds to 60 sub-carriers. But even with rate ¼ K=4 CC, the increase in cell search time ranges from 50% to 250% (see Figures 4 and 5). 
· Observe that the cell search time does not change significantly from 1.732-km to 3.464-km ISD. Yet, large change occurs from 3.464-km to 8.66-km ISD. This is mainly due to the different system-level parameter values (Node B antenna gain and height) for ISD ≤ 1.732-km and >1.732-km (see Table 2).
· Note that the large increase in cell search time caused by using one cell-common PSC implies the following:
· Increased latency in the handover process due to the increase in neighboring cell search time: The UEs that are in handover experience very low SNR as those UEs are typically on the cell edge. Hence, the lower SNR (lower percentile) performance becomes very important during the handover.
· Increased latency in initial synchronization: While initial synchronization encompasses low and high percentile UEs, the cell search procedure needs to be repeated for every possible carrier frequency in the raster until the UE can successfully pass the procedure for a carrier frequency. In this case, the increase in cell search time becomes cumulative.
· The degradation in synchronous network can be completely avoided when 8 PSCs are used. As mentioned before, some loss is expected due to the need to detect the code index. However, it can be observed from Figures 4 and 5 that this loss is negligible. When 8 PSCs are used, the synchronous network performance is the same as the asynchronous network performance.
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Figure 4 Average total cell search time with non-repetitive P-SCH: (a) ISD=0.5-km (b) ISD=1.732-km (c) ISD=3.464-km (d) ISD=8.66-km
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Figure 5 Average total cell search time with 2x-repetitive P-SCH: (a) ISD=0.5-km (b) ISD=1.732-km (c) ISD=3.464-km (d) ISD=8.66-km
5. Conclusions
The problem of multi-path channel mismatch between cell-common P-SCH (generated from superposition of the multi-path channels across different cells) and unicast transmission in a tightly synchronized network has been investigated in this contribution as a follow up of [6].  The overall effect of this mismatch on cell search time was simulated. Once again, we demonstrate the following:

1. When one cell-common PSC is used, the mismatch in multi-path channel between PSC and unicast transmission significantly degrades the cell search performance for tightly synchronized networks. 

2. The 8-PSC scheme removes the above degradation. The same can be said with 7-PSC.
Note that the above example and the scenario considered in [7] are only 2 of many possible deployment scenarios. For example, 6-sector cell or 1-sector cell can also be used. Since cell structures and the associated planning are the choice of operators, it is not possible to mandate a certain planning scheme. However, in order to ensure competitive cell search performance in tightly synchronized networks, the specification may support the use of multiple PSCs with the following implications:

· A network deployment is free to choose how to utilize the N PSCs. For example: 

· In an asynchronous network, one cell-common PSC chosen from the set of N PSCs can be used. 

· In a tightly synchronized network, all or a subset of the N PSCs can be used depending on the cell structure. 

· Stage 1 cell search needs to detect the timing and the PSC of the serving cell from the N possible PSCs.

Based on the results and conclusions presented in this document and other companion contributions, it is recommended that a small number of PSCs be supported for the E-UTRA to ensure competitive cell search performance in both asynchronous and tightly synchronized networks.
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