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1 Introduction
Due to the lower complexity in Rel-12 category 0 UEs, the legacy (e.g. Rel-8) SI reading requirements were not applicable. Thus new SI reading requirements were defined for Rel-12 category 0 UEs in sections 8.5.2.1.4, 8.5.2.1.5 and 8.5.2.1.6 for FDD, HD-FDD and TDD respectively in TS 36.133. 
In this paper we discuss the possibilities of extending Rel-12 category 0 SI reading requirements to Rel-13 enhanced MTC UEs.  
2 Discussions 
2.1 SI Reading Requirements

There are mainly two types of SI (System Information) that are needed to identify the Cell Global Identifier (CGI) of the new cell given that this new cell has already been detected which means that the PCI of this cell already is known. The two types of SIs which are needed to identify the CGI are MIB and SIB1bis. MIB is transmitted on the PBCH channel on subframe #0 with a periodicity of 40 ms and 4 redundancy versions which are transmitted within this period. SIB1bis on the other hand is multiplexed into PDSCH channel and transmitted on subframe #5 in every 2 radio frame and it as a periodcity of 80 ms. 
2.2 Existing Requirements

The Rel-12 cateogry 0 CGI requirements defined in sections 8.5.2.1.4, 8.5.2.1.5 and 8.5.2.1.6 for FDD, HD-FDD and TDD respectively in TS 36.133. Some papers for reference related to Rel-12 category 0 requirements are found in [2, 3, 4]. The requirements mainly consist of three parts as listed below. 

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

2. The minimum number of ACK/NACK that the UE is required to transmit 

3. ECGI reporting delay
ECGI Acquisition requirement

The Rel-12 category 0 SI reading requirements are defined in sections 8.5.2.1.4, 8.5.2.1.5 and 8.5.2.1.6 for FDD, HD-FDD and TDD respectively in TS 36.133. These were defined based on results from AWGN channels. The UE is required to report intra-frequency ECGI within 190 ms from a target intra-frequency cell provided that its SINR is at least -6 dB. More specifically, MIB and SIB1 shall be successfully decoded with 90 % probability (BLER less than 10%) for UEs in both DRX and non-DRX mode. During the acquisition of MIB and SIB1 the UE create autonomous gaps in which the UE refrains from all transmission in both uplink and downlink. 

HARQ Feedback Requirement

Another performance metric that is used in existing requirement is the minimum number of HARQ ACK/NACKs that the UE is required to transmit during the ECGI acquisition time. A FDD UE is required to transmit at least 92 ACK/NACKs on PCell provided that some conditions are fulfilled (see section 8.5.2.1.4.1), and the corresponding requirements for TDD configurations can be found in Table 1 below. 

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


Due to the lower complexity of category 0 UEs (e.g. 1 Rx instead of 2) compared to legacy UEs, the time to identify the new CGI of a E-UTRA cell was extended from 150 ms to 190 ms. Because of this longer delay, the minimum number of ACK/NACK the UE is required to transmit during this time was also recalculated. 
2.3 Release 13 MTC UE

The Rel-13 MTC UEs can operate under both normal coverage (CE Mode A) and enhanced coverage (CE Mode B). The main difference between Rel-12 category-0 UE and Rel-13 MTC UE under normal coverage is the reduced RF bandwidth which is limited to 1.4 MHz. Except for the reduced RF bandwidth there is no other big difference in the UE and therefore we believe that it is reasonable to extend the Rel-12 CGI requirements to also Rel-13 MTC normal coverage UE and enhanced coverage UE. 
There are some new channels and system information introduced in Rel-13 and they have replaced the corresponding legacy channels and SI. Consequently there have been some changes in some of the procedures, e.g. SIB1. SIB1 has been replaced by SIB1bis and it is multiplex into PDSCH transmissions as earlier. However, the UE is not required to monitor the SI-RNTI to find out when and where SIB1 transmissions take place. Instead, this is indicated in the PBCH which is transmitted on the central PRBs. This may not be a problem since the UE anyway has to retune to the central PRBs to carry out the cell search procedure. 
Another difference between Rel-12 category 0 UEs and Rel-13 MTC UEs, is that the Rel-13 MTC UEs which supports enhanced coverage also require repetitions. In this regard, MIB and SIB1bis can be repeated for UEs which operate and low SNR. 
Reading of CGI might be especially very useful when UEs are operated under enhanced coverage. Under enhanced coverage, UEs can be expected to be quite stationary compared to legacy UEs, and also they may be fixed at remote locations meaning that they need to operate under very low SNR levels. In such conditions, it may be very useful if UE could report the CGI of a target cell to the serving eNodeB since it may be very difficult for the eNodeB to acquire them by other means due to bad coverage, links etc. This type of information may be useful for functionalities such as ANR, SON, and mobility as serving eNodeB making more clever decisions using this information. Thus we propose that SI reading requirements are also defined for Rel-13 MTC UEs under enhanced coverage. 
· Proposal #1: Rel-12 SI reading requirements are extended to Rel-13 MTC UEs under normal coverage. 

· Proposal #2: Rel-12 SI reading requirements are extended to Rel-13 MTC UEs under enhanced coverage. 

Here we summarize how UE reads MIB and SIB1bis in both normal coverage and enhanced coverage, according to the latest RAN1/RAN2 agreement [1].  

In the normal coverage, the only difference from Cat-0 UE is that UE does not rely on PDCCH. UE obtains the SIB1bis scheduling information from MIB transmitted on PBCH. With this information, UE can read SIB1bis from PDSCH. 

In enhanced coverage, repetitions of MIB in PBCH and SIB1bis in PDSCH are supported. For PBCH without repetition, MIB is mapped to the 0th - 3rd OFDM symbols of slot 1 in 4 consecutive 0th subframes. For coverage expansion, RAN1 agreed that the OFDM symbols where MIB is mapped can be also transmitted on slot 0 in subframe 0, subframe 9 (FDD) and subframe 5 (TDD). In total 5 same MIB symbols can be transmitted within 40ms. 
According to RAN1 agreement, SIB1bis transmission period is set to 8 radio frames (80ms). Within this period eNB transmits SIB1bis in PDSCH with RV cycling {0, 2, 3, 1, 0, 2, 3, 1,…}. Note that the possible subframe numbers are {0, 4, 5, 9} for FDD and at least {0, 5} for TDD. 
In summary, regardless of normal- or extended coverage, MIB transmission period and SIB1bis transmission period are 40ms and 80ms, respectively. This is important when we specify the CGI acquisition requirements. 
2.4 Simulation Results and Discussions
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Figure 1: MIB and SIB1bis BLER performance with different repetition combinations under AWGN channel
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Figure 2: MIB and SIB1bis BLER performance with different repetition combinations under EPA5 channel
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Figure 3: MIB and SIB1bis BLER performance with different repetition combinations under ETU30 channel
Table 1: Simulation parameter
	Parameters
	Values
	Notes

	Antenna configuration
	1x1
	

	Duplex mode 
	Full duplex FDD
	

	Propagation channel
	AWGN, EPA5, ETU30
	

	System bandwidth
	10MHz
	

	SIB1bis TBS
	328bits
	Need RAN1/2 decision

	MCS for PDSCH SIB1bis
	QPSK, 6RPB
	

	MIB repetition
	{0,1,2,3,4}
	0 – same as legacy MIB transmission

	SIB1bis repetition
	{0,1,2,3,4}
	0 – same as legacy SIB1 transmission


This section shows the simulation results considering MIB/SIB1 repetition with the parameters listed in Table 1. We should point out the difference between MIB repetition value and SIB1bis repetition value. MIB repetition value 0 means MIB is transmitted once within 40ms, and 1 means MIB is transmitted twice within 40ms, etc. On the other hand SIB1bis repetition value 0 means the SIB1bis is transmitted 4 times within 80ms with RV={0,2,3,1}. Also the repetition value 1 means the SIB1bis is transmitted 8 times within 80ms with RV={0,2,3,1,0,2,3,1}. Please note that the repetition parameter values could be changed according to RAN1/2 agreement.  
The results shown in Figure 1-3 show the BLER performance for MIB and SIB1bis for different number of repetitions of MIB and SIB1bis. Note that SIB1bis TBS is still under discussion in RAN1/2. It is observed from Figure 1 that with no repetitions of MIB and SIB1bis, the BLER target of 10% can be maintained down to -12 dB under AWGN channel conditions. This means that a normal coverage UE is able to detect the ECGI down to -12 dB. But to detect the ECGI below that SNR level may require repetitions of MIB and/or SIB1bis. The results show that for AWGN with different repetition combinations the UE is able to maintain the BLER target down to -15 dB. Examples of repetition combinations that can achieve this are: 
· MIB:1-SIB1bis:4

· MIB:2-SIB1bis:0

· MIB:2-SIB1bis:1

· MIB:2-SIB1bis:2

The UE can of course improve the BLER performance with higher number repetitions. But, on the other hand, RAN4 shall define the minimum requirements meaning that we should define the minimum time required for the UE to detect ECGI. This of course depends on repetition levels for enhanced coverage. But for the normal coverage, UE may not need repetitions. 
· Observation #1: Rel-13 MTC UE under normal coverage is able to meet the Rel-12 category 0 SI reading requirements down to -12 dB SNR.
· Observation #2: Rel-13 MTC UE under enhanced coverage is able to meet the Rel-12 category 0 SI reading requirements down to -15 dB SNR under the conditions that MIB and/or SIB1bis are repeated.
Although RAN4 SI reading requirements are eventually defined based on the AWGN results, Figure 2 and 3 shows that the 10% BLER target can be maintained with repetitions.  It is observed from Figure 2 and 3 that the BLER target can be maintained down to -8 dB SNR for EPA5 and -9 dB SNR for ETU30 without any repetitions of MIB and SIB1bis. This means that the normal coverage UE should be able to meet the Rel-12 category 0 requirement under fading conditions. But for enhanced coverage, 10% BLER target becomes a challenge to maintain even with 4 repetitions of MIB and SBI1bis while -14 dB SNR is maintainable both for EPA5 and ETU30 channel. 
· Observation #3: Rel-13 MTC UE under normal coverage is able to meet the Rel-12 category 0 SI reading requirements down to – 8 dB SNR under EPA5 channel and -9 dB SNR under ETU30 channel conditions. 
· Observation #4: Rel-13 MTC UE under enhanced coverage is able to meet the Rel-12 category 0 SI reading requirements down to -14 dB SNR under the conditions that MIB and SIB1bis are repeated.
Since the final requirements are to be defined based on the AWGN results, we make our proposal based on the least number of repetitions, i.e. MIB:2-SIB1bis:0 for which requirements can be met down to -15 dB. 

· Proposal #1: Rel-12 category 0 UE ECGI reading requirements (defined in 8.5.2.1.4.1, 8.5.2.1.5, and 8.5.2.1.6.1 of TS 36.133) are reused for Rel-13 MTC UEs under normal coverage.
· Proposal #2: Rel-12 category 0 UE ECGI reading requirements (defined in 8.5.2.1.4.1, 8.5.2.1.5, and 8.5.2.1.6.1 of TS 36.133) are reused for Rel-13 MTC UEs under enhanced coverage under the following repetition conditions MIB:2-SIB1bis:0.
Proposal 1 and 2 above means that the existing ECGI acquisition delay of 190 ms is reused because the MIB and SIB1bis repetition is performed within the same period as Category 0 UE scenario, that is, 40ms and 80ms, respectively. For normal coverage UE, this means that the existing requirement on the minimum number of ACK/NACK transmissions during the acquisition delay can be reused. But for enhanced coverage, this number has to be recalculated because it involves repetitions. Thus we make the following proposal:

· Proposal #3: Rel-12 category 0 UE minimum ACK/NACK transmissions requirement (defined in 8.5.2.1.4.1, 8.5.2.1.5, and 8.5.2.1.6.1 of TS 36.133) are reused for Rel-13 MTC UEs under normal coverage.

· Proposal #4: The requirement on minimum number of ACK/NACK transmissions during ECGI acquisition delay for UEs under enhanced coverage is TBD.
3 Summary 
In this paper we discuss SI reading requirements in general and the possibility of extending the Rel-12 category 0 SI reading requirements to Rel-13 eMTC. Given the commonality between category 0 UEs and Rel-13 MTC under normal coverage UEs it is reasonable to extend the SI requirements to Rel-13 normal coverage UEs. Also we have identified the need to also extend CGI reporting requirement to serving eNodeB especially in enhanced coverage scenario. Based on the discussions, we make the following proposals and observations.
· Proposal #1: Rel-12 SI reading requirements are extended to Rel-13 MTC UEs under normal coverage. 

· Proposal #2: Rel-12 SI reading requirements are extended to Rel-13 MTC UEs under enhanced coverage. 

· Observation #1: Rel-13 MTC UE under normal coverage is able to meet the Rel-12 category 0 SI reading requirements down to -12 dB SNR.
· Observation #2: Rel-13 MTC UE under enhanced coverage is able to meet the Rel-12 category 0 SI reading requirements down to -15 dB SNR under the conditions that MIB and/or SIB1bis are repeated.
· Observation #3: Rel-13 MTC UE under normal coverage is able to meet the Rel-12 category 0 SI reading requirements down to – 8 dB SNR under EPA5 channel and -9 dB SNR under ETU30 channel conditions. 

· Observation #4: Rel-13 MTC UE under enhanced coverage is able to meet the Rel-12 category 0 SI reading requirements down to -14 dB SNR under the conditions that MIB and SIB1bis are repeated.

· Proposal #1: Rel-12 category 0 UE ECGI reading requirements (defined in 8.5.2.1.4.1, 8.5.2.1.5, and 8.5.2.1.6.1 of TS 36.133) are reused for Rel-13 MTC UEs under normal coverage.

· Proposal #2: Rel-12 category 0 UE ECGI reading requirements (defined in 8.5.2.1.4.1, 8.5.2.1.5, and 8.5.2.1.6.1 of TS 36.133) are reused for Rel-13 MTC UEs under enhanced coverage under the following repetition conditions MIB:2-SIB1bis:0.
· Proposal #3: Rel-12 category 0 UE minimum ACK/NACK transmissions requirement (defined in 8.5.2.1.4.1, 8.5.2.1.5, and 8.5.2.1.6.1 of TS 36.133) are reused for Rel-13 MTC UEs under normal coverage.

· Proposal #4: The requirement on minimum number of ACK/NACK transmissions during ECGI acquisition delay for UEs under enhanced coverage is TBD.
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