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1 Introduction

RAN4 has discussed RRM measurement performance for normal and enhanced coverage for the last few meetings. Good progress was made at last RAN#76bis meeting which resulted in two way forward documents [1, 2]. Cell search was also discussed and cell search simulation assumptions were agreed in [3]. In this contribution we provide simulation results and analysis of the results. 
2 Discussion on Cell Search
Total delay for cell search
The cell search procedure is carried out by UEs in RRC_IDLE and RRC_CONNECTED states for cell re-selection and handover, respectively. In those states the UE have already detected a serving cell to camp on or be connected to, and is searching for a better cell to be served by. In case of RRC_CONNECTED state, which we are focusing on in this contribution, the UE reports detected neighbour cells to the network which may use the reports either to provide mobility, to ANR, or both. The RRM measurements (e.g. RSRP/RSRQ which serve as basis for mobility decisions) can be carried out only when the new cells have been identified.

Total cell identification delay includes both time for detecting a cell (i.e. acquisition of Physical Cell ID) and time for performing a single measurement as shown in below. 

Total cell search delay = PCI acquisition (PSS/SSS acquisition) + 1 single measurement performed on identified cell

The legacy requirement is defined for the case with 2 receive antennas, and it comprises 600 ms of PCI acquisition time and 200 ms L1 measurement period; a total cell search delay is 800 ms. 

Cell search was also studied for Rel-12 category 0 UEs comprising 1Rx in [4]. For this type of UEs, PCI acquisition time was still defined as 600 ms, but the measurement period was extended from 200 ms to 400 ms resulting in a total cell search delay of 1000 ms. 

Simulation Assumptions
The simulation assumptions for cell search for UEs under enhanced coverage was discussed and agreed at last meeting in [3]. We have summarized the relevant part of the assumptions in Table 1 below. 
Table 1: Link Simulation Parameters

	Parameter
	Unit
	Cell 1
	Cell 2
	Cell 3

	E-UTRA RF Channel number
	-
	Channel 1
	Channel 1
	Channel 1

	Carrier frequency
	GHz
	2 GHz
	2 GHz
	2 GHz

	Data and Control PSD relative to RS PSD
	dB
	0
	0
	0

	PSS and SSS PSD relative to RS PSD
	dB
	0
	0
	0

	Number of RB’s
	
	6
	6
	6

	RB Utilization
	%
	100
	100
	100

	Data Modulation
	-
	QPSK
	QPSK
	QPSK

	Frame Structure Type
	-
	1 (FDD)
	1 (FDD)
	1 (FDD)

	CP Length
	-
	Normal
	Normal
	Normal

	DRX
	
	OFF
	OFF
	OFF

	Frequency Offset relative to UE frequency reference
	Hz
	0
	0
	0

	1) Relative Delay of 1st Path (synchronous)
	μs
	0
	0
	CP/2

	2) Relative Delay of 1st Path (asynchronous): Fixed delay
	ms
	0
	1.5
	3.0

	Es/Noc
	dB
	-4.82
	-9.71
	Test 1:   -6.45
Test 2:   -8.45
Test 3:   -10.45
Test 4:  -13.45
Test 5: -16.45


	Number of Tx antennas
	-
	1
	1
	1

	PSS Sequence ID
	-
	See Table 3, 4
	See Table 3, 4
	See Table 3, 4

	SSS Sequence ID
	-
	See Table 3, 4
	See Table 3, 4
	See Table 3, 4

	Propagation Condition
	-
	AWGN, EPA5, ETU30, EPA1, ETU1

	Noise Model
	-
	AWGN

	NOTE :
Noc value doesn’t include the three simulated eNB signals’ power


Simulation Results
In this section we provide the cell search delay results according to the simulation assumptions in Table 1 and in [3]. 

  [image: image1.png]EPAT, SNR (ol 1)= 482 dB , SR (cell2) = -0.71 dB, synched cels (frame=10ms)

> o o o
5 I & @

SSC Detection probabilty
°

04
03 10 frames
50 frames
02 100 frames
200 frames |
01 400 frames |
800 frames |
0
18 16 EN 12 10 8 -

SNR cell 3 [dB]




[image: image2]
Figure 1: SSCH detection delay for Rel-13 MTC UEs under EPA1 (left) and ETU1 (right) channels for different SNR conditions of the target cell according to Table 1 for synchronized cells. 
Figure 1 shows the SSCH detection delay, i.e. the SSS detection of the target cell for varying number of SNR levels for the case when the cells are synchronized according to Table 1 for EPA1 and ETU1 channels. We have excluded the AWGN results in this paper because that is an ideal channel and may not correspond to a realistic scenario in which the channels changes slowly over the time even if the UE stationary. In typical enhanced coverage scenario, the UE is expected to be in a fixed position e.g. at a basement, mounted on a wall, or at fields monitoring the changes in e.g. temperature. In all these cases, the surroundings changes and therefore it is natural to study the performance under EPA1 and ETU1 channels. Also in this paper we focus on SSS detection performance since it is more difficult than PSS. If the UE is able to detect SSS, it is natural to assume that the same UE is able to detect PSS.  
It is observed from this figure that SSCH detection becomes a challenge at low SNR levels. In these results it is assumed that UE does one cell search attempt in every radio frame. But the same principle applies if the UE intends to search less frequently, e.g. every 40 ms. In this case the number of frames have to be scaled with 4. It is observed from Figure 1 that the overall performance of EPA1 and ETU1 is the same. Typically in RAN4 90% detection probability is considered when defining the requirements. These results show that even when averaging is done over a long period, UE cannot detect a cell that is below -8 dB SNR. For this case it is assumed that UE does search over 400 continuous frames corresponding to continuous search over 4 seconds. 
· Observation #1: Neighboring cells can be detected down to -8 dB SNR assuming the simulation assumptions in Table 1 [3].
An interesting observation from these results is that SSCH detection probability decreases dramatically below -8/-9 dB SNR. The reason is that down to this SNR level, the target cell (cell3) SNR is higher than the SNR level of the second cell (cell2) or in the same range as cell2. But below -9 dB SNR, the signal quality of cell2 becomes much stronger than the target cell (cell3) which makes it difficult for the UE to detect the peaks in the received signal quality from cell3 that contains the desired SSCH. Since SSC codes are not perfectly orthogonal, strong SSC index may give rise to “ghost peaks” corresponding to fictive cells. It shall be noted that a simple cell search algorithm without IC was used in this paper. 
Another important reflection on these results is that for an enhanced coverage UE this scenario of attempting to detect a cell that has a much weaker signal strength than signal strengths of two already detected cell may not be very useful and not efficient neither for the UE nor for the eNodeB. An MTC device shall always connect to the strongest cell. Otherwise, transmissions from both the UE and the eNodeB have to be repeated which becomes a waste of resources compared to the case if the UE was connected to the much stronger cell. Therefore we have modified the SNR levels in Table 1 above to correspond to a more realistic scenario as shown in Table 2 below. These SNR values correspond to the case when an enhanced coverage UE at low SNR level attempts to detect neighbouring cells and results are shown in Figure 2 and 3. 
Table 2: Modified SNR values of neighbouring cells to correspond to a realistic scenario
	
	
	Cell1
	Cell2
	Cell3

	Es/Noc
	dB
	-18
	-22
	Test 1:   -6.45
Test 2:   -8.45
Test 3:   -10.45
Test 4:  -13.45
Test 5: -16.45
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Figure 2: SSCH detection delay for Rel-13 MTC UEs under EPA1 (left) and ETU1 (right) channels for different SNR conditions of the target cell according to Table 2 for synchronized cells. 
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Figure 3: SSCH detection delay for Rel-13 MTC UEs under EPA1 (left) and ETU1 (right) channels for different SNR conditions of the target cell according to Table 2 for asynchronized cells. 
Figure 2 shows the SSCH detection delay, i.e. the SSS detection of the target cell for varying number of SNR levels for the case when the cells are synchronized and for the SNR values in Table 2.  The results are shown for EPA1 and ETU1 channels. Similarly, Figure 3 shows the corresponding results asynchronous case. These figures show that EPA1 and ETU1 results have similar performance and the reason is that the channel is dominated by the AWGN noise at such low SNR levels. Also the Doppler between these two channels is also very low, hence similar results. 
In both cases, the target cell can be detected down to at least -16 dB using longer averaging, e.g. over 800 frames. The results show that the detection probability increases with averaging time/frames down to a certain SNR level, and then below that level the channel is dominated by the noise.  
· Observation #2: Neighboring cells can be detected down to at least -16 dB SNR when accumulation is done over a long time period for SNR values of neighbor cells in Table 2.
By comparing the results in Figure 2-3 to the results in Figure 1, it is seen that there is a relation between the signal strength of already detected cells and the cell to be detected. This figure shows that the UE is able to detect a weaker cell with good probability as long as the signal quality of that cell is below or in the same range as the two already detected cells. The overall trend of the results can be summarized as in Table 3 below. 
The final cell search requirement defined will depend on the relation between the already identified cells and the target cell to be detected. The UE is required to detect and measure on up to 8 neighboring cells provided that they are detectable. A cell is considered to be detectable if when SCH_RP and SCH Ês/Iot according to Annex B.2.1 of TS 36.133. This means the detection probability of the target cell may depend on the SNR levels of these already detected cells. 
Table 3: UEs ability to detect new cells
	SCH Ês/Iot of already identified cells including serving cell: Q1
	Target cell SCH Ês/Iot: Q2
	Detection delay

	-15≤Q1<-6
	-15≤ Q2 < -6
	320 s

	-15≤Q1<-6
	Q2( -6
	320 s

	Q1( -6
	Q2(-6
	Requirements in 8.11.2 apply


· Observation #3: UE is able to detect target cell as long as the signal quality of target cell is below or in the same range as the signal quality of already detected cells assuming the simulation assumptions in Table 2.

Cell search accumulation is typically done every 40 ms by the UE. The results shown in this contribution assume that accumulation in every radio frame. This may not be necessary for an enhanced coverage UE which is expected to be stationary, and also it may not be very efficient from a power consumption perspective (avoiding repetitions). Also since the UE may already operate at very low SNR level, it may not be necessary to look for other cells which are much weaker in signal strength. 
In addition, since the enhanced coverage UEs are expected to be typically stationary and may not require frequent and/or large amount of data transmissions, this type of UEs may not need to search as frequently as a normal coverage UEs that requires higher mobility support. Therefore the cell search delay may not be an issue and the UE can afford to search over long time period. 
Considering all these aspects, it may be sufficient for the UE to search more sparsely. Thus assuming that the cell search is done every 800 ms and 400 frames are necessary, the PSS/SSS acquisition delay can be defined as 320 seconds. However, when the UE is in DRX it could search more sparsely, e.g. every 1second. This will result in a delay of 400 seconds. 
· Proposal #1:  PSS/SSS acquisition delay can be defined as in Table 3 for UEs operating under enhanced coverage. 
· Proposal #2:  Since the simulation assumptions agreed in [R4-156656] does not correspond to a realistic scenario for enhanced coverage, we propose to modify the SNR values of the cells involved in the cell search as in Table 2. 
3 Conclusion
In this paper, we have studied the cell search performance for Rel-13 MTC UEs that operate under enhanced coverage. It has been observed that detection of new cells that have much weaker signal strength than already detected cells is difficult. On the other hand, it was observed that identifying of much weaker cells than the already identified cells when the UE operates under enhanced coverage may not be useful or efficient from a resource perspective for eNB, but also for UE. The observations and proposal made in this contribution are:
· Observation #1: Neighboring cells can be detected down to -8 dB SNR assuming the simulation assumptions in Table 1 [3].
·  Observation #2: Neighboring cells can be detected down to at least -16 dB SNR when accumulation is done over a long time period for SNR values of neighbor cells in Table 2.

· Proposal #1:  PSS/SSS acquisition delay can be defined as in table below for UEs operating under enhanced coverage:
	SCH Ês/Iot of already identified cells including serving cell: Q1
	Target cell SCH Ês/Iot: Q2
	Detection delay

	-15≤Q1<-6
	-15≤ Q2 < -6
	320 s

	-15≤Q1<-6
	Q2( -6
	320 s

	Q1( -6
	Q2(-6
	Requirements in 8.11.2 apply


· Proposal #2:  Since the simulation assumptions agreed in [R4-156656] does not correspond to a realistic scenario for enhanced coverage, we propose to modify the SNR values of the cells involved in the cell search as follows: 
	
	
	Cell1
	Cell2
	Cell3

	Es/Noc
	dB
	-18
	-22
	Test 1:   -6.45
Test 2:   -8.45
Test 3:   -10.45
Test 4:  -13.45
Test 5: -16.45
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