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1. Introduction
In RAN1#46bis, a consolidated SCH proposal (Approach 1) was agreed upon as the temporary working assumption for the E-UTRA cell search [1]. This approach is composed of 3 stages prior to decoding the BCH [1]:

1. Timing and frequency acquisition using the primary SYNC channel (P-SCH)

2. Radio frame timing and group ID detection using the secondary SYNC channel (S-SCH)

3. Full cell ID detection using the DL reference symbols (RSs)

In the companion contribution [2], the performance of 3-stage cell search is analyzed in details under different scenarios. In particular, the optimum number of hypotheses in stage 3 is identified for different scenarios (network synchronization, stage 2 detection, different cell sizes, number of PSCs). It is assumed that the total number of hypotheses (stage 2+3) is kept constant.  
This contribution provides the comparison between the coherent and non-coherent detection based on the same methodology. We found that the cell search performance with non-coherent detection is 50% to 200% worse compared to that with coherent detection. This assumes that the best 3-stage configuration is used for each scheme. Hence, we recommend that the SCH design prioritize coherent detection over non-coherent detection. While we do not rule out non-coherent detection as it is a receiver implementation, the standard should allow the best possible performance for the E-UTRA. This can be accommodated if the SCH design is optimized for coherent detection.
2. Simulation Assumptions and Methodology
The assumptions and methodology are identical to those in [2] and hence are not replicated. We simulate the GCL-based S-SCH scheme (see, e.g. [3, 4]) as it allows both coherent and non-coherent SSC demodulations. It is assumed that a total of 12-bit cell specific information needs to be detected in stages 2 and 3 (see Table 1). Hence, for a given 
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 (the number of cell IDs associated with one cell ID group = the number of hypotheses in stage 3),  the number of cell-specific information bits that are detected in stage 2 and 3 are 
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, respectively. The performance with different number of PSCs (1, 3, and 7) are also given. 

For stage 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. 
3. Simulation Results
In [2], the following conclusions are obtained:
· With coherent detection, 
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 provides the best cell search performance. This holds for both single- and multi-PSC in either asynchronous or synchronous scenarios. This corresponds to having 12 bits of cell-specific information in stage 2 and 0 bit in stage 3. We denote this the (12,0) configuration.
· With non-coherent detection, 
[image: image5.wmf]8

=

G

N

 seems to provide the best overall performance. This amounts to having 9 bits of cell-specific information in stage 2 and 3 bits in stage 3. We denote this the (9,3) configuration.

Figure 1 depicts the comparison between coherent and non-coherent detection for different cell sizes in synchronous and asynchronous network scenarios. As in [2], the 1-PSC and 3-PSC schemes are both simulated for coherent detection while only 1-PSC is considered for non-coherent detection. The results with 7 PSCs are given in Appendix A.  In Figure 1, we compare coherent and non-coherent performance assuming the best configurations for each: (12,0) for coherent and (9,3) for non-coherent. Observe that non-coherent detection yields consistently worse performance compared to coherent detection even when a single cell-common PSC is used in synchronous network. The degradation of non-coherent detection in synchronous network is attributed to its higher sensitivity to the residual timing error which is larger in synchronous network when a single PSC is used [5, 6]. For larger cells, non-coherent detection increases the cell search time by approximately 50% to 200% over coherent detection depending on the scenario. 
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Figure 1. Coherent (with 1 and 3 PSCs) vs. non-coherent detection, each with the best performing configuration

In Figure 2, the performance comparison is done assuming the best configuration for coherent detection, that is, (12,0). In this case, non-coherent detection results in 200% to 700% degradation in cell search time. Compared to the results in Figure 1, this further demonstrates that the performance of non-coherent detection degrades rapidly as the signal dimension in increased beyond the SSC length.
Another possible comparison is given in Figure 3, where the best configuration for non-coherent detection is assumed, that is, (9,3). Even in that case, we find that the performance of coherent detection is at worst the same as that of non-coherent detection. This occurs in synchronous network with only 1 PSC. Note that this is the less preferred scheme, since multi-PSC should be used for the best performance [2, 5-10]. Otherwise, non-coherent detection performs about 20% to 150% worse than coherent detection. 
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Figure 2. Coherent (with 1 and 3 PSCs) vs. non-coherent detection, no stage 3
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Figure 3. Coherent (with 1 and 3 PSCs) vs. non-coherent detection, 8 hypotheses in stage 3
4. Conclusions
In this contribution, we compared the performance of coherent and non-coherent detection under different scenarios. We found that the cell search performance with non-coherent detection is 50% to 200% worse compared to that with coherent detection. This assumes that the best 3-stage configuration is used for each scheme. Even when the best configuration for non-coherent detection is assumed (which is unfair to coherent detection), the loss of non-coherent over coherent is 20% to 150% when multi-PSC is used with coherent detection in synchronous network.  Hence, we recommend the following way forward:
· Since the SCH should be designed to allow the best possible performance, the SCH design should prioritize coherent detection over non-coherent detection. Note that we do not rule out non-coherent detection since stage 2 detection scheme is a receiver implementation. However, the standard should allow the best possible performance for the E-UTRA. This can be accommodated if the SCH design is optimized for coherent detection.

Appendix A
In this section, the results with 7 PSCs assuming coherent stage-2 detection are provided for completeness. The same trends are observed as those with 3 PSCs, except that the gain of 7 PSCs over 1 PSC in synchronous network is better that that of 3 PSCs.
[image: image18.png]Av.cell search time (ms)

24

22

n
=]

©

o

o

12

10

Cell

ID detection:ISD=0.5-km,RS=2-slot

~6- ASYNC: Coh 1-PSC (12,0)
~#- ASYNC: Coh 7-PSC (12,0)
9,

-6~ SYNC: Coh 1-PSC (12,0)
-3- SYNC: Coh 7-PSC (12,0)
9

—%= ASYNC: NonCoh 1-PSC (9,3) ||

—+- SYNC: NonCoh 1-PSC (9,3)

L L
40 50 60 70 80 90
Percentile across cell edge UEs



[image: image19.png]Av.cell search time (ms)

45

40

w
[

w
=]

N
3

n
=]

15

10

Cell ID detection:ISD=1.732-km,RS=2-slot

~6- ASYNC: Coh 1-PSC (12,0)
~#- ASYNC: Coh 7-PSC (12,0)
9,

-6~ SYNC: Coh 1-PSC (12,0)
-3- SYNC: Coh 7-PSC (12,0)
9

—%= ASYNC: NonCoh 1-PSC (9,3) ||

—+- SYNC: NonCoh 1-PSC (9,3)

30

L
40 50 60 70 80 90
Percentile across cell edge UEs




[image: image20.png]Av.cell search time (ms)

Cell ID detection:ISD=3.464-km,RS=2-slot

55 : ‘ ‘ : ‘ ‘ ‘
~6- ASYNC: Coh 1-PSC (12,0)
~#- ASYNC: Coh 7-PSC (12,0)
50~ —%— ASYNC: NonCoh 1-PSC (9,3) I
-6~ SYNC: Coh 1-PSC (12,0)
-3- SYNC: Coh 7-PSC (12,0)
457 —+- SYNC: NonCoh 1-PSC (9,3) ||
40 1
35 1
30 1
25 1
‘4——!— Rl
20+ SO ~
T9-0-6
900

0 10 20

30

40
Percentile across cell edge UEs

50

60

70 80 90 100



[image: image21.png]Cell ID detection:ISD=8.66-km,RS=2-slot

300 o ‘ : : : : :
3 -6~ ASYNC: Coh 1-PSC (12,0)
4 —#— ASYNC: Coh 7-PSC (12,0)
Q \ —— ASYNC: NonCoh 1-PSC (9,3)
250 \ 5 -©- SYNC: Coh 1-PSC (12,0)
Y \ -8- SYNC: Coh 7-PSC (12,0)
Y ‘.\ —+- SYNC: NonCoh 1-PSC (9,3)
A
\
& h
z 200 i
fol
£
5
5 150
3
@_
>
<C
100
50|
‘ 5
0 10 20 30 40 50 60 70 80 90 100

Percentile across cell edge UEs




Figure 4. Coherent (with 1 and 7 PSCs) vs. non-coherent detection, each with the best performing configuration
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Figure 5. Coherent (with 1 and 7 PSCs) vs. non-coherent detection, no stage 3
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Figure 6. Coherent (with 1 and 7 PSCs) vs. non-coherent detection, 8 hypotheses in stage 3
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