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1 Introduction
RAN4 has been discussing the RRM requirements for eMTC for several meetings. Agreements from the last meeting [1] are copied below.   
	For normal coverage: 
· L1 measurement period:

· Rel-12 category 0 UE requirement on L1 measurement period (400 ms) for RSRP/RSRQ is reused for Rel-13 MTC UEs under normal coverage. 

· Cell detection delay:

· Rel-12 category 0 UE requirement on cell detection delay (600 ms for PCI acquisition + 400 ms measurement) is reused for Rel-13 MTC UEs under normal coverage. 

· From RAN4 perspective the, legacy gap pattern is reused by Rel-13 MTC UEs for retuning to central PRBs dedicated for intra-frequency. This is subject to RAN1 LS reply. 
For enhanced coverage:

· L1 measurement period for RSRP/RSRQ is defined as 800 ms for Rel-13 MTC UEs under enhanced coverage. 

· Minimum SNR level to which the new accuracy requirements are applicable are changed from FFS to -15 dB.
· Cell detection delay requirements is defined as follows for UEs operating under enhanced coverage

· Option 1: 320s detection time with 0.8s sampling period with the side condition below table

SCH Ês/Iot of already identified cell including serving cell: Q1
Neighbouring cell SCH Ês/Iot: Q2
Tbasic_identify_E-UTRA_FDD_UE cat M1, intra (s)

-15≤Q1<-6

-15≤ Q2 < -6

320 

-15≤Q1<-6

Q2(-6

320 

Q1( -6

Q2(-6

Requirements in 8.11.2 apply

· Other options are not precluded

· From RAN4 perspective the, legacy gap pattern is reused by Rel-13 MTC UEs for retuning to central PRBs dedicated for intra-frequency. This is subject to RAN1 LS reply. 

Due to the measurement gap, the measurement time may need to be extended for UE category M1 compared to requirements for UE category 0.


For normal coverage (NC), it is clear that the same number of samples as in Rel-12 Cat-0 requirements are needed for cell detection and measurement of Rel-13 LC MTC. However, due to the use of measurement gap for intra-frequency RRM, the exact cell detection delay and measurement period was not agreed as some companies saw possible needs for relaxation compared to Cat-0 requirements. The gap related issues are discussed in our companion paper in [2].
RRM requirements for enhanced coverage (EC) is more open, in particular the cell detection performance. RAN4 has not conducted comprehensive simulation study for cell detection performance in low SNR range, so the number of needed samples to achieve reliable detection and the corresponding side conditions are still to be discussed. In addition, the sampling periodicity, which is not explicitly visible in the spec but will heavily impact the requirement, is also a controversial issue. 

In this paper, we will discuss the remaining issues of cell detection requirements for EC MTC.
2 Discussion

Side conditions 
In current spec, cell detection delay requirement is conditioned on the Ês/Iot (SINR) on the SCH and CRS of the target cell, e.g. -6dB SINR for FDD intra-frequency. On the other hand, the requirements, or more specifically the number of needed samples to achieve reliable detection, is derived from link level simulations, and the most commonly used SINR assumption is shown in the table below. Cell 3 is the target cell, and cell 1 and cell 2 are interfering cells. 
	Parameter
	Unit
	Cell 1
	Cell 2
	Cell 3

	Ês/Noc
	dB
	5.18
	0.29
	Test 1:  1.25

Test 2:  0.25

Test 3:  -0.75


With this assumption, UE is required to detect the target cell in presence of stronger interference, which means UE should be able to “see” weaker cells when it is connected on a stronger cell. Some PSS/SSS inference mitigation is needed in UE implementation to meet this requirement. 

The assumption or the side condition should be reconsidered for EC MTC, as UE in EC is not expected to be able to detect a weaker cell, or to have the PSS/SSS interference mitigation capability due to its low cost nature. Therefore, we agree the principle of option 1 in [1], but the details on how to capture the side condition in spec still need to be discussed. For example, if we look at the last two rows in the table of option 1 where the strength of target cell (Q2) is same, tighter requirement will apply with larger PSS/SSS interference (Q1), and this is not reasonable. Also there is no relative comparison between Q1 and Q2, so e.g. the requirement in the first row should apply when Q2 is -15dB and Q1 is -6dB, which is not consistent with the expectation.
In our view, the EC requirement should apply only when the SINR of the target cell is <-6dB and has nothing to do with the coverage level of the serving cell. Also UE is only expected to meet the requirement when the strength of target cell is larger than that of interfering cells. A text proposal based on the current side condition in Annex B of 36.133 is as below. 
Table B.2.X-1: E-UTRAN intra-frequency measurements

	Parameter
	E-UTRA operating band groups Note 3
	Minimum
SCH_RP Note 1
	SCH Ês/Iot

	
	
	dBm/15kHz
	dB

	Conditions
	FDD_A, TDD_A
	-127
	( -15


	
	FDD_C, TDD_C
	-126
	

	
	FDD_D
	-125.5
	

	
	FDD_E, TDD_E
	-125
	

	
	FDD_F
	-124.5 Note 2
	

	
	FDD_G
	-124
	

	
	FDD_H
	-123.5
	

	
	FDD_N
	-120.5
	

	NOTE 1:
This condition level is increased by ∆>0, when applicable, as described in Sections B.4.2.

NOTE 2: 
The condition is -125 dBm/15kHz when the carrier frequency of the assigned E-UTRA channel bandwidth is within 865-894 MHz.

NOTE 3:
E-UTRA operating band groups are as defined in Section 3.5.
NOTE 4:
SCH_RP of the target cell is larger than the sum of interfering cells.


Proposal 1: The EC cell detection requirement applies when target cell SINR is in [-15,-6)dB, and when the strength of target cell is larger than the sum of interfering cells.
Sampling periodicity
In current cell detection requirements including that for Rel-12 Cat-0, UE is assumed to perform cell search every 40ms for intra-frequency. In option 1 of [1] it is proposed that under EC UE searches every 800ms in order to save power. We understand the motivation as UE in EC is most likely to be stationary and also power saving is an important factor. 

However, we also want to highlight that most of the power consumption is to coming from keeping the RF chain on in order to monitor the M-PDCCH, and simply reducing the frequency of cell search will not lead to significant power saving [3-4]. Moreover, EC UE is not expected to have frequent data transmission/reception, thus in realistic deployment is most likely to be configured with DRX. The RRM requirements for DRX is defined in such a way that UE performs cell search or measurement only once per DRX cycle, so the sampling periodicity should be aligned with the DRX cycle as we have in current requirements. Therefore, we do not see a need to enlarge the sampling periodicity for non-DRX case.
Another aspect to be considered is the gap usage. As discussed in [2], measurement gap is needed for UE to re-tune to central 6-PRB is order to search for the PSS/SSS transmitted by neighbour cells, and when existing gap pattern is used (6ms gap length with 40/80ms gap repetition periodicity), 90% of gaps are wasted if UE only searches every 800ms. It should be noted that the measurement gap is not necessarily needed for measurement purpose as CRS is transmitted in the whole system bandwidth. 
Based on above analysis, we prefer to keep the current assumption of sampling periodicity for cell detection in EC, i.e. UE searches every 40ms in non-DRX case. 
Proposal 2: The assumption of sampling periodicity for cell detection requirements in EC is that UE searches PSS/SSS every 40ms in non-DRX case. 

Number of samples 
Based on the discussion in section 2.1, we think single-cell simulation can be used to derive the cell detection performance requirement for EC. We have conducted link level simulations with the results shown in [5]. It can be seen that ~100 samples are needed for UE to achieve reliable cell detection with -15dB SNR. To account for the reduced RRM opportunity due to usage of measurement gap, we think some margins should be added, and we think the requirements can be based on 120 samples.
Proposal 3: Define cell detection requirements for EC as 120 samples. 

3 Conclusions 

In this paper, we discussed the remaining issues of cell detection requirements in EC, namely the SINR side condition, sampling periodicity and number of needed samples to achieve reliable detection. Based on the discussion, we have the following proposals.

Proposal 1: The EC cell detection requirement applies when target cell SINR is in [-15,-6)dB, and when the strength of target cell is larger than the sum of interfering cells.

Proposal 2: The assumption of sampling periodicity for cell detection requirements in EC is that UE searches PSS/SSS every 40ms in non-DRX case.

Proposal 3: Define cell detection requirements for EC as 120 samples. 
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