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1 Introduction

One of the objective of the new work item on Even Further Enhanced MTC for LTE [1] is to improve the mobility support for CEModeA. The exact objective is stated as follows:
	· Support higher UE velocity [RAN4 lead, RAN2]
· Specify support in CE mode A for higher velocities (e.g. [200] km/h) without physical layer changes.


In order to support higher velocity, different RRM procedures that involves measurements have to be evaluated and their performance under higher velocity must be verified. The propagation channel model has not been decided yet. In this contribution, we evaluate the cell search performance and RRM measurement performance assuming ETU70 Hz propagation channel for category M1/M2 UEs.
2 Discussion on Cell Search
Background
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 has 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 to provide mobility. 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 below. 

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

The legacy LTE (e.g. rel-8) 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 of 800 ms is allowed. 

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.

Release 13 category M1 cell search requirements for CEModeA are specified as follows:
	Gap pattern ID
	Cell identification delay (Tidentify_intra_UE cat M1)
	Measurement delay (Tmeasure_intra_UE cat M1)

	0
	1.44 seconds
	480 ms

	1
	2.88 seconds
	960 ms


As can be seen in the table above, the cell search requirements for Cat-M1 requires measurement gaps and thus the exact requirement also depends on the gap ID.
Discussions
Cell Search Performance
The cell search performance was studied using the simulation assumptions in [2]. As can be noted in the simulation assumptions, the performance was studied under low doppler channel models, see Table 1. 
Table 1: Link Simulation Parameters [2]
	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


More specifically, EPA5 and ETU30 channel models were assumed for CEModeA, and EPA1 and ETU1 were assumed for CEModeB. Also the test cases were specified using these low Doppler channel models while the legacy LTE (e.g. Rel-8 LTE) test cases are specified assuming ETU70 channel models. Hence, it is clear that cell search performance was not evaluated under higher velocity (e.g. same as legacy LTE) for MTC UEs in CEModeA, and the current category M1 CEModeA requirements are quite limited in terms of mobility compared to legacy LTE. 
The main factor that degrades the cell search performance for MTC UEs is the reduced receive antenna. The cell search performance was studied using the higher doppler channel models for category 0 UEs which also had one receive antenna, and the requirements were derived based on simulation results from various companies. In section 2.3 we have reproduced our category-0 results for convenient reading [3]. 
Simulation Results and Discussions
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Table 2 Cell identification time (in ms) for AWGN, Synch. FDD (left) and TDD( right).
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Table 3 Cell identification time (in ms) for ETU70, Synch. FDD (left) and TDD( right).

[image: image3.emf]Cell identification time (in ms) for AWGN, Asynch, FDD

1 Rx 2 Rx 1 Rx 2 Rx 1 Rx 2 Rx 1 Rx 2 Rx

480 160 400 160 440 160 520 160

240 80 200 80 200 80 240 80

120 80 120 80 120 80 120 80

-7

200% 150% 150% 200%

-6

50% 50% 50% 50%

SINR 

[dB]

Case 5 Case 6 Case 7 Case 8

-8

200% 150% 175% 225%


Table 4 Cell identification time (in ms) for AWGN, Asynch
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Table 5 Cell identification time (in ms) for ETU70, Asynch

Table 2 and 3 show cell identification delay with FDD and TDD for SINR levels down to -8 dB for synchronous scenario and tables 4 and 5 show corresponding results for asynchronous scenario. The percentage column shows observed degradation when reducing the number of receive antennas. Synchronous results show that there is significant performance degradation in cell identification delay when reducing the number of receive antennas from 2 Rx to 1 Rx. The largest degradation is observed for the non-fading propagation channel AWGN at SINR -8 dB for synchronous scenario. However, in most of the cases, the cell search delay falls within 600 ms with one receive antenna with the higher doppler channels (ETU70).
In asynchronous scenario, the largest degradation is observed for the AWGN channel. Similar to results of synchronous scenario, in a typical moderate speed scenarios (e.g. at SINR -6 dB, ETU70) the cell search requirement can still be fulfilled with one receive antenna with good margin. 
Unlike category 0 UEs, the category M1 UEs require measurement gaps in order to retune to the center frequency to measure on PSS/SSS. Assuming that the gaps are provided using any of the gap pattern 0 and 1, it is reasonable to conclude that legacy requirements of 600 ms for acquiring the PSS/SSS is sufficient for the higher doppler channel. But the delay requirements need to be specified as function the configured gap pattern.  Based on the results and the discussions, we make the following observation: 
· Observation #1: The CEModeA category M1 UEs are able to detect the PSS/SSS within the legacy requirements of 600 ms under ETU70 channel model, but measurement gaps need to be considered for cat-M1/M2 UEs. 

RRM Measurement Performance

Both category 0 and category M1 UEs in CEModeA have same requirements on measurement tolerance, i.e. the absolute and relative intra-frequency accuracy levels are the same. But the category 0 performance was studied under ETU70 channel model while category M1 requirements were studied under ETU30. Since the main factor that affects the measurement performance is the number of receive antennas, it is reasonable to conclude that also category M1 UEs will be able to meet the same requirements under ETU70 channel model. Moreover, inter-frequency measurement accuracy requirements are currently being introduced for category M1/M2, and these are not supported by category 0 requirements. It proposed to derive the inter-frequency measurement requirements for CEModeA under higher velocity based on the existing category 0 intra-frequency requirements. While the measurement accuracy requirements can remain the same, the measurement period is defined as function of configured measurement gap. 
· Observation #2: The CEModeA category M1/M2 UEs are able to meet the category 0 intra-frequency measurement accuracy requirements under ETU70 channel model, but the measurement period delay needs to be specified as function of configured measurement gap. 
Based on the discussions and observations, we make the following proposals:

· Proposal #1: Category M1/M2 UE RRM requirements under CEModeA are specified assuming  ETU70 as the propagation channel. 
· Proposal #2: Category 0 UE cell search and measurement requirements (non-DRX and DRX) are reused, but scaled with the configured measurement gap for category M1/M2 UEs in CEModeA under ETU70 channel. 
3 Conclusion
In this contribution, we have discussed the cell search and measurement performance for Rel-13 MTC UEs in normal coverage/CEModeA for higher doppler channel models than what have been previously assumed. We have reused the simulation results from category 0 UE work and observed than the under CEModeA, the category M1 UEs are still able to acquire the PSS/SSS within the existing requirements of 600 ms. Also the category 0 UE measurements requirements seem possible to reuse. In brief, we have made the following observations and proposals:
· Observation #1: The CEModeA category M1 UEs are able to detect the PSS/SSS within the legacy requirements of 600 ms under ETU70 channel model, but measurement gaps need to be considered for cat-M1/M2 UEs. 

· Observation #2: The CEModeA category M1/M2 UEs are able to meet the category 0 intra-frequency measurement accuracy requirements under ETU70 channel model, but the measurement period delay needs to be specified as function of configured measurement gap. 
Based on the observations, we make the following proposals: 

· Proposal #1: Category M1/M2 UE RRM requirements under CEModeA are specified assuming  ETU70 as the propagation channel. 
· Proposal #2: Category 0 UE cell search and measurement requirements (non-DRX and DRX) are reused, but scaled with the configured measurement gap for category M1/M2 UEs in CEModeA under ETU70 channel. 
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