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1 Introduction

RRM measurement performance under normal and enhanced coverage has discussed in RAN4 for the last several meetings. A way forward [1] has been agreed at last RAN4#77 meeting, and this WF [1] covered several RRM areas. The relevant agreements in [1] are copied as follows:
	· For normal coverage:

· 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.

· 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.

· Legacy gap pattern is reused by Rel-13 MTC UEs for retuning to central PRBs dedicated for intra-frequency. 
· 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:
· Legacy gap pattern is reused by Rel-13 MTC UEs under for retuning to central PRBs dedicated for intra-frequency. 
· SI reading requirement
· Rel-12 category 0 UE requirements on CGI acquisition requirements of [190] ms is used.
· The exact repetition number for MIB/SIB1bis is pending RAN1 agreement. 
· The requirement on minimum ACK/NACKs is TBD.


There were some remaining issues left as FFS. In this paper we address the issue on SI reading requirement and provide our view. 
2 Discussion
SI reading requirements mainly consist of three parts as follows:

1. Time to identify a new CGI of an E-UTRA cell;

2. The minimum number of ACK/NACK that the UE shall transmit;

3. ECGI reporting delay

CGI reading allows network to differentiate cells with same PCI. UE needs to read MIB and SIB1 of target cell in order to acquire the CGI of the target cell. The Rel-12 category 0 SI reading requirements are defined in sections 8.5.2.1.4, 8.5.1.5 and for FDD, HD-FDD and TDD respectively in TS 36.133. The maximum allowed time for the UE to identify a new CGI of an E-UTRA cell is 190ms. Within the identified time of 190ms, the UE shall transmit at least 92 ACK/NACKs on PCell for FDD, and for TDD, the UE shall be able to transmit at least the number of ACK/NACKs stated in following table.
Table 1: Requirement on minimum number of ACK/NACKs to transmit during Tbasic_identify_CGI_LC-UE, intra
	UL/DL configuration
	Minimum number of transmitted ACK/NACKs

	0
	30

	1
	54

	2
	68

	3
	56

	4
	61

	5
	66

	6
	46


There is no big difference between Rel-12 category 0 UE and Rel-13 MTC UE under normal coverage, and we propose that SI reading requirements for Rel-12 category 0 UE could be reused for Rel-13 MTC UE under normal coverage. Under enhanced coverage, we believe that SI reading requirements also need to be defined and could reuse the SI reading requirements for Rel-12 Category 0 UE.
Regarding the ECGI acquisition delay for Rel-13 MTC UE, according RAN1 agreement, MIB transmission period and SIB1bis transmission period are the same with that for Rel-12 category 0 UE, 40ms and 80ms respectively. Therefore, we believe that it is reasonable to reuse 190ms as the ECGI acquisition delay for Rel-13 MTC UE.
Propose 1: Rel-12 category 0 UE requirements on CGI acquisition requirements of 190ms could reused for Rel-13 MTC UE under normal coverage.
Then, we need to discuss the requirement on minimum number of ACK/NACK transmission during ECGI acquisition. From the simulation results in documents [2], we could assume that Rel-13 MTC UE under normal coverage could meet the Rel-12 category 0 requirements under fading conditions. We therefore propose that the requirement on minimum number of ACK/NACK transmission for Rel-13 MTC UE under normal coverage could reuse the requirement of minimum number of ACK/NACK transmission for Rel-12 category 0 UE. But for enhanced coverage, even with 4 repetitions of MIB and SIB1bis, Rel-13 MTC UE under enhanced coverage could not meet the Rel-12 category 0 requirements under fading conditions. According to the latest RAN1 agreement [3], “PBCH repetition in subframe #0 + repetition in 1 other subframe in all frames in every 40ms cycle, where Subframe #9 for FDD and Subframe #5 for TDD.” That means that the repetition number for MIB is changed and the minimum number of ACK/NACK transmission for Rel-13 MTC UE under enhanced coverage needs to be recalculated. 
In order to determine the minimum ACK/NACK requirement, we need to have the following assumption

1、 RSRP/RSRQ related side condition for Rel-13 MTC UE under enhanced coverage is down to -15dB;

2、 5ms gap should be required for MIB in two consecutive subframes, e.g.in subframe 0 and in subframe 9. And 4ms gap should be required for MIB in single subframe.

3、 Assuming MIB repetition value should be bigger than 4. It means that MIB should be transmitted more than 4 times in every 40ms period.

The period of CGI acquisition is determined based on the number of gaps for MIB and SIB1bis, while the time of 140ms for SIB1bis acquisition is unchanged (4 SIB1bis repetition, maximum 7 gaps), so we can summarize period of CGI acquisition in various MIB repetition combinations as follows:

Table 2: Period of CGI acquisition within various MIB repetition combinations
	MIB Repetition number
	Number of gap for MIB decoding
	Period of CGI acquisition (ms)

	5
	4
	180

	6
	6
	200

	7
	6
	200

	8
	8
	220


Minimum ACK/NACK Requirement in FDD
In existing HARQ requirement, UE shall transmit at least 92 ACK/NACK during CGI acquisition time of 190ms. Based on the latest agreement from RAN1, MIB can also be transmitted in subframe 9 under enhanced coverage. Thus we should recalculate the gaps due to MIB transmission in subframe 0 and subframe 9.
The new ACK/NACK requirement is required to recalculate based on MIB repetition number. From the table 2, it illustrate that there are different attempts for MIB within different MIB repetition combinations. Thus, the period of CGI acquisition and minimum ACK/NACK requirement could be calculated based on MIB repetitions and gaps for MIB decoding. In case that MIB repetition number is 5, there are 4 attempts for MIB and total time for CGI acquisition is 180ms (40ms for MIB and 140ms for SIB1bis). During 180ms for CGI acquisition, the first gap should be taken 10ms (5ms for AFC acquisition and 5ms for MIB decoding), 5ms gap should be required for the other MIB attempts. So there are at most 10 + 3*5 =25 ACK/NACKs lost during the MIB attempts period, and in total there are required to feedback at least 180 – (10+3*5+5*4)*2 – 8 = 82 ACK/NACKs during the period of CGI acquisition.
The Number of gap for MIB decoding, period of CGI acquisition and minimum ACK/NACK requirement are summarized in following table:
Table 3: Number of gap for MIB decoding, period of CGI acquisition and minimum ACK/NACK requirement in FDD within MIB repetition combinations

	MIB Repetition number
	Number of gap for MIB decoding
	Period of CGI acquisition (ms)
	Minimum ACK/NACK requirement

	5
	4
	180
	82

	6
	6
	200
	82

	7
	6
	200
	82

	8
	8
	220
	82


So, we have the following propose:
Propose 2: The Rel-13 MTC UE under enhanced coverage shall transmit at least 82 ACK/NACKs during the period of identifying a new FDD E-UTRA cell CGI. And the Number of gap for MIB decoding, period of CGI acquisition and minimum ACK/NACK requirement are listed in following table 3:
Table 3: Number of gap for MIB decoding, period of CGI acquisition and minimum ACK/NACK requirement in FDD within MIB repetition combinations

	MIB Repetition number
	Number of gap for MIB decoding
	Period of CGI acquisition (ms)
	Minimum ACK/NACK requirement

	5
	4
	180
	82

	6
	6
	200
	82

	7
	6
	200
	82

	8
	8
	220
	82


Minimum ACK/NACK Requirement in TDD
For E-UTRA TDD, transmitting and receiving is not done simultaneously. Reading SI with autonomous gaps only impat receving or transmittig. In addition, E-UTRA TDD has different UL/DL configurations, which also impact the ACK/NACK number sent by the UE. We reuse the method [2] and [4] to define new ACK/NACK requirement in different TDD UL/DL configurations. Since the length of gap is 4ms for TDD, we believe that it could reuse the method of analysis in document [4]. And we summarize the ACK/NACK loss for every gap with various TDD UL/DL configurations in following table:
Table 4: The analysis for ACK/NACK loss
	TDD UL/DL Configuration
	N1
	N2
	N3

	0
	6
	4
	4

	1
	10
	5
	5

	2
	14
	7
	7

	3
	13
	4
	8

	4
	15
	4
	10

	5
	17
	4
	12

	6
	9
	4
	4


Where:
N1is the number of lost ACK/NACK in the first 9msgap for MIB decoding,

N2 is the number of lost ACK/NACK in the other 4ms gap for MIB decoding;

N3 is the number of lost ACK/NACK in the 4ms gaps for SIB1bas decoding;
MIB repetition = 5:

For MIB repetition is 5, then the period of CGI acquisition is 180ms. With the similar method of analysis, the new ACK/NACK requirement could be determined as follows:
Table 5: Minimum number of transmitted ACK/NACKs with different TDD UL/DL configurations
	TDD Configuration
	Number of ACK/NACK in total CGI acquisition period
	Minimum number of transmitted ACK/NACKs 

	0
	68
	30

	1
	103
	53

	2
	137
	67

	3
	118
	53

	4
	134
	57

	5
	150
	61

	6
	86
	35


MIB repetition = 6 or MIB repetition = 7:

For MIB repetition is 6 and 7, then the period of CGI acquisition is 200ms. With the similar method of analysis, the new ACK/NACK requirement could be determined as follows:

Table 6: Minimum number of transmitted ACK/NACKs with different TDD UL/DL configurations
	TDD Configuration
	Number of ACK/NACK in total CGI acquisition period
	Minimum number of transmitted ACK/NACKs 

	0
	92
	30

	1
	139
	55

	2
	185
	69

	3
	160
	59

	4
	182
	65

	5
	204
	61

	6
	116
	47


MIB repetition = 8:

For MIB repetition is 8, then the period of CGI acquisition is 220ms. With the similar method of analysis, the new ACK/NACK requirement could be determined as follows:

Table 7: Minimum number of transmitted ACK/NACKs with different TDD UL/DL configurations
	TDD Configuration
	Number of ACK/NACK in total CGI acquisition period
	Minimum number of transmitted ACK/NACKs 

	0
	84
	30

	1
	127
	57

	2
	169
	71

	3
	146
	65

	4
	166
	73

	5
	186
	81

	6
	106
	49


The analysis above shows that different MIB repetition could have different minimum ACK/NACK requirement. And it is reasonable that MIB repetition equal to 7 could meet the BLER target, and the minimum ACK/NACK requirement is acceptable compared with the existing requirement for TDD. So we have the following propose:
Propose 3: The Rel-13 MTC UE under enhanced coverage shall transmit as follows ACK/NACKs in different TDD UL/DL configurations during 200ms period of identifying a new TDD E-UTRA cell CGI.
Table 6: Minimum number of transmitted ACK/NACKs with different TDD UL/DL configurations
	TDD Configuration
	Number of ACK/NACK in total CGI acquisition period
	Minimum number of transmitted ACK/NACKs 

	0
	92
	30

	1
	139
	55

	2
	185
	69

	3
	160
	59

	4
	182
	65

	5
	204
	61

	6
	116
	47


3 Conclusion
In this paper, we discuss these remaining issues on measurement requirements for Rel-13 MTC UE, e.g.SI reading requirements under normal coverage and under enhanced coverage. Based on these above analysis, we have the following proposals: 
Propose 1: Rel-12 category 0 UE requirements on CGI acquisition requirements of 190ms could reused for Rel-13 MTC UE under normal coverage.
Propose 2: The Rel-13 MTC UE under enhanced coverage shall transmit at least 82 ACK/NACKs during the period of identifying a new FDD E-UTRA cell CGI. And the Number of gap for MIB decoding, period of CGI acquisition and minimum ACK/NACK requirement are listed in following table 3:
Table 3: Number of gap for MIB decoding, period of CGI acquisition and minimum ACK/NACK requirement in FDD within MIB repetition combinations

	MIB Repetition number
	Number of gap for MIB decoding
	Period of CGI acquisition (ms)
	Minimum ACK/NACK requirement

	5
	4
	180
	82

	6
	6
	200
	82

	7
	6
	200
	82

	8
	8
	220
	82


Propose 3: The Rel-13 MTC UE under enhanced coverage shall transmit as follows ACK/NACKs in different TDD UL/DL configurations during 200ms period of identifying a new TDD E-UTRA cell CGI.
Table 6: Minimum number of transmitted ACK/NACKs with different TDD UL/DL configurations
	TDD Configuration
	Number of ACK/NACK in total CGI acquisition period
	Minimum number of transmitted ACK/NACKs 

	0
	92
	30

	1
	139
	55

	2
	185
	69

	3
	160
	59

	4
	182
	65

	5
	204
	61

	6
	116
	47
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